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Description, see Page 1.) 
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THE LYSEDAL VIADUCT. 

Tue Lysedal Viaduct is situated on the new line 
of railway from Christiania over Fredrikshald to 
Sweden, and carries the single line of rails over the 
Lyse brook and valley between Fredrikshald and the 
Swedish frontier. The viaduct is on a gradient of 
1 in 100, the total length between abutments being 
182.92 metres, and the height from rail to water 
level in the brook 30 metres. 









through changes of temperature. In order to 
avoid consequent breaking strains, and to insure the 
load always being central on the columns of the 
pier, each end is provided with a hinged shoe, which 
allows the pier to move in the longitudinal direc- 
tion of the viaduct, and at the same time always 
distributes the load evenly on the whole area of the 
columns. The possibility of an unequal distribu- 
tion of strain is thus avoided, and the pier can con- 
sequently be designed lighter than those ordinarily 
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The superstructure consists of ‘fish-bellied” or 
inverted bowstring girders of spans of 10, 12, 16, 
and 20 metres, this form being fou 
vantageous in this viaduct, as the depth in the middle 
of the girders can be made to vary in proportion to 
the length—here one-tenth of the span—without 
altering the depth of the ends, which is const 














aim of Mr, Pihl has therefore been to produce a 
system of viaducts, which, combined with the 
greatest efficiency, ehould also possess decided ad- 
vantages in an economical point of view, and after 
many careful observations and examples taken from 
actual experience of works executed, the de- 
signed and very ably worked out by Mr. A. J. 
Petersson, of Christiania, has been found to afford a 
considerable saving in quantity of materials as com- 
pared with various other systems of viaducts, 


Referring to the diagrams, Figs. A, B, C, and D, 
the Table below shows the quantities of materials 


as taken out from the working drawings for the 
following viaducts : 
Taking the price erected complete : 


Per ton. 
£ s.d. 
For wrought iron 22 0 0 
» Castiron ... ote 145 0 
Per cubic metre. 
», timber eee ate baa 116 0 
»» masonry ... eee eee oe 150 
The price per metre square of area of profile will 
be: 
Shillings. 
For Liadalen (Fig. 1)...” oe 47.78 
» Lysedalen I. (Fig. 2)... ‘ 39.90 
»» lysedalen II. (Fig. 3) 31.88 
» Solbergdalen (Fig. 4) 31.50 


In the calculations of these viaducts, the same 
rolling load and coefficients of safety have been 
used. The length of the spans in all cases are 
chosen with due regard to economy, being a func- 
tion of the cost of pillars, The basis for calculation 
is thus the same for all, and the figures in the 
Tables consequently show the real economical posi- 
tion of the respective systems, 

The advantages offered by the Petersson system 
as regards facility and quickness of erection will be 
obvious to every practical man; but to obtain all 
the economical advantages, scientific design is abso- 
lutely essential, and it is in this sense that Mr. 
Petersson has shown himself eminently successful. 

The diagram on the following page shows a trans- 
verse section of one of the legs of pillars Nos .7 and 
8 of the viaduct over the Lysedal in fhe third bay 
from below. The safe total carrying capacity of this 














the various spans. The bays are the same through- 
out the viaduct—2 metres—the cross girders and 
longitudinal rail bearers are therefore also the same 
for all spans. The details will be easily understood 
from the drawings. The cross gird 
by the vertical struts of main girders. On the to 
of the cross girders wooden longitudinals are placed, 
and on these again wooden transverse sleepers to 
7 the rail and platform. 

e substructure consists of wrought-iron piers 
of I section, the web being open lattice work. The 
two columns of each pier are leaned against each 
other in the transverse direction of the viaduct 
with a. batter for each column of 1:8, and 
connected with a system of horizontal struts and 
ties. In the longitudinal direction of the via- 
duct there is only a single column between 
each span, possessing no stability in itself, and the 
upper end is allowed to move along with the 
superstructure when it expands and contracts 























irregular application of the load. The movement 
of ironwork in a longitudinal direction is transferred 
to the one abutment on which are the necessary 
bedplates provided with rollers; on the other the 
—psmreoree is kept in place by a fixed shoe. 

ith this arrangement no special expansion joint in 
latform are 


rail is necessary, as the sleepers and 
contraction 


quite independent of the expansion an 
of the ironwork, 

The railway traffic in save is comparatively 
small, but owing to great natural difficulties, as the 
ground is very broken, bridges, viaducts, and 
banks and cuttings are of frequent occurrence. The 





Marerriats Per Squarzt Merre AREA OF 
und the most ad- PROFILE. 
duencesth Dzsien. 
Wrought | Cast Iron. | Timber. | Masonry. 
nt for 4 
ilog. kilog. _ cubic metres.|cubic metres. 
Liadalen (Fig. A)...  .«. = « 61.57 32.50 0.021 0.484 Cast-iron columns. 
Lysedalen I. Oe. fae 77.79 6.953 0.027 0.111 American trestlework. 
Lysedalen II. (Fig. C) ... a = sy = Rocking piers. 
ers are supported Solbergdalen (Fig. D) . 62. 4. x \ PR “ 

used, in which provision must be made for an, section is according to Hodgkinson’s formula for 


bending : 
p= KxF 
CxFXxL* 
ae 
in which F=the area of the section, T=the mo- 
ment of inertia of same, K and C=constants de- 
pendent on the material, and obtained by experi- 
ments, and L=length of leg. 
The moment of inertia about the axis is : 


T=5 {30 (1063—100*)-+24 (100°—97)+8 (97° —76*) 
=728,878 centimetres, 
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and the area of section is: 
F=6 x 30+-3X24+3 x 21=315 square centimetres, 
the length of leg L=2800 centimetres, and K=650 
kilog. per square centimetre; then the safe carrying 
capacity of the leg is, taking K=650 kilog. per 
square centimetre and C=0.00009 :} 
_— 650 x 315 
0.00009 x 315 x 2800?= 156,904, kilog. 
1 +728, 878 








156,904 
315 
greatest actual load being 354 kilog. per square 

centimetre. 
Referring to bending in a direction perpendicular 
to the former axis the moment of inertiais; 


T=4 (21 x 39 +3 x 24° +4 x 309)=12,503. 


or =500 kilog. per square centimetre, the 


The area of the cross section in the top bay is 
255 square centimetres, and consequently the carry- 


ing capacity in this bay, where the lower end may 
be considered as fixed, and the upper end free, is: 
Tee. 650 x 255 
10-0009 x 255 x (0.7 700)?=115,041 kilog., 


12,503 
or ena = 451 kilog. per square centimetre, 
while the actual load is 98,300 kilog., or 386 kilog, 
per square centimetre. 
With reference to the same axis in the intermediate 


bays : 
= 650x315 ' 
P= a é Fx BIB x Sapa 100.787 kilog., 
+" F6,836 


or 169,737 
315 


=535 kilog. per square centimetre, while 


the actual load is 120,000 kilog., or 382 kilog. per 
square centimetre. 
For the bottom bay : 
650 x 375 , 
= = 0: ; 
P= 990000 x 375x400? 72°87 Kilog., 
21,503 





1+ 


r — =476 kilog. per square centimetre, and 
the greatest actual load is 129,300 kilog., or 345 
kilog. per square centimetre. 

The engravings which we publish of this viaduct 
(see the two-page plate and page 9) show clearly all 
the details of construction, Figs. 1 and 2 are re- 

tively an elevation and a plan of the structure, 
rom this it will be seen that there are thirteen spans, 
arranged as follows: 
Spans. 
a, b, c,d, e, t 


gr hy @ 


in. 


7 
- ) 
v 
- 
‘ 


m,n 10 82 9 

The heights of the piers vary with the contour of 

the ground and are as follows : 

Pier. Spans. 
a,b 
b, ¢ 
ec, a 
d, e 
e, f 
f f 
ar 
i, k 
k, t 
l,m ~ 

12 m, 1 36 7} 

Figs. 23 to 32, with the various Getached details, 
show the construction of the piers, Figs. 23 to 25 re- 
ferring to the highest pier of the viaduct, Figs. 39 
to 45 are enlarged views of the hinged joints at the 
top and bottom of the pier column. Figs. 34 to 38 
are details of the transverse connexions at the head 
of the piers beneath the roadway, and Figs. 46 to 49 
are plans of the different horizontal transverse 
bracings (see A, B, C, D, Fig. 24). 

The construction of the girders is shown in Figs. 3 
to 21, which refer to the largest spans of 20 metres, 


Metres. 
12 


16 
20 


ft. 
39 
52 
65 


ft. i 


-—- 
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From these figures it will be seen that the inverted 
bowstring girders are of extremely light proportions. 
The platform is carried by a pair of girders (Fig. 12) 
placed 8 ft. 2# in. apart, and these are connected at 
intervals of 6 ft. 6}; in. by light transverse beams 
of the section shown in Figs. 17 and 18, and formed 
of a web plate 11 i in. by # in., strengthened at the 
bottom by two side plates 245 in. by ;5, in., and two 
top angle-irons 23 in. by 2} in. by ;4 in. The 
transverse diagonal bracing consists of T-irons 
344 in. by 1} in. by 4 in. The roadway is*carried 
on two longitudinal timbers 10%, in. by 10,; in., 
resting on the transverse beams, and having angle- 
irons bolted to them on each side. On top of the 
timber are placed transverse joists 14 ft. 4 in. long. 
To these the rails are attached, and on the outer 
sides is laid open planking, a light handrail being 
added as shown. The construction of the main 
girder is clearly shown in Figs. 3 to 21. It will be 
seen that the top flange in the heaviest part (Fig. 
14) is composed of three top plates each 7} in. by 
¥s in, and two angle-irons 3¢ in. by 34in. by ,% in., 
with a web-plate 74 in, deep and yin. thick. The 
bottom flange is composed of four angle-irons 
414 in. and 443 in. by {4 in., and a central plate 
9ys in. by yin. ‘The connexion between the top 
and bottom members of the girder consists of 
verticals formed of angle-irons 2,4 in. by 2,8; in. by 
ys in,, and diagonals 53 in. by $ in. Fig. 5 shows the 
connexion of the girders with the top of the piers. 
As we said above, the system upon which this and 
the other similar viaducts have been built is that of 
M. Petersson, of Christiania,'the designs having been 
first submitted to Mr. B. Baker, who acts for the 
engineer-in-chief of the Norwegian Government 
railways, in this country. 








ENGLISH INDUSTRIES AND AMERICAN 
COMPETITION. 
(Continued from a pees 508, vol. xavi.) 
AmericAN MACHINE TOOLS. 

TuHE first and main argument met with in opposi- 
tion to American machine tools is that they are want- 
ing in strength and endurance, and if this were true, 
and the reason for this want of strength and endur- 
ance was an over attempt at cheapness of manufac- 
ture, there could not be much in American practice 
to imitate or even consider, but, on the very face of 
such an argument, we must be met with the query, 
are the Americans so stupid as to construct machine 
tools ina manner not economical? Such a theory 
is not tenable; their machine tools are fast finding 
their way into the markets of the world, especially 
into the British colonies, and the cry of not strong 
enough and perishable will not, as circumstances 
prove, destroy or greatly influence such trade. 

Our argument is that American machine tools: 
both for wood and iron, are very carefully adapted 
to the purposes and uses intended, and in America, 
at least, and all countries much the same, the tools 
are what is wanted. 

To speak first of metal-working machine tools, 
several features of their working must be taken 
into account, American tools will cut less in a given 
time, but there is less for them to cut in that time. 
European engineers generally pride themselves how 
much tools will cut away; the Americans, on the 
other hand, pride themselves on how little there 
is to cut away, and the amount of surface that 
can be gone over without severe strains. They 
turn off a sixteenth of an inch when we turn off an 
eighth of aninch. In making patterns for castings 
the Americans bore or plane on an eighth when we 
have a quarter of an inch. We use broad tools with 
coarse feed, and must generally take several cuts 
because of the work being sprung out of truth from 
strains; the Americans use sharp pointed tools with 
a slow feed, and finish with a less number of cuts. 
In New England, for example, one will often see a 
side tool used for turning wrought iron or steel, the 
feed being from sixty to hundred per inch, and this 
is done on piecework by men who are as intelligent, 
shrewd, and exact as anywhere in the world. 

For their work a clumsy, massive, machine tool 
would not do. The strains do not demand it, and 
the rapid handling will not permit it. Which method 
is the best we will leave as a matter of opinion, 
with, however, this suggestion, that they succeed 
wonderfully well in their methods, and produce 
many kinds of work at marvellously low prices. 

Another thing we must notice in respect to lathes. 
In America a lathe is seldom employed on pieces as 
large as it will turn. “It don’t pay,” an American 
workman will say, “to tura a piece on a lathe which 





will barely receive it.” Nearly all lathes are em- 
ployed nine-tenths of the time on work far beneath 
their capacity, and certainly each lathe is best 
adaptec. to some particular size of work, we mean in 
respect to its convenience and the various details 
requiring adjustment and handling. No ingenuity 
could devise a lathe adapted for both large and 
small pieces—it is impossible. In American practice 
a 20 in. lathe for example is seldom employed for 
pieces exceeding 10 in. in diameter or one-half the 
rated capacity, while gap lathes, the common form 
in Europe, are scarcely known. ‘Gap lathes don’t 
pay, better to have those large enough to do the 
work without changing,” is the common answer to 
inquiries, and certainly the best method is to keep 
lathes, as well as other tools, as nearly as possible 
on uniform work, and such work as their capacity, 
all things considered, is best adapted to. 

The main articles to be turned in general engi- 
neering shops are shafts, pulleys for bands, fly- 
wheels, and so on, in other words, the diameter of 
work is not by regular or constant gradation. 
Shafts, spindles, bolts, screws, and other pieces not 
exceeding 8 in. in diameter make up a large propor- 
tion of all that is done, and to arrange a lathe to 
turn such pieces, and also. to turn pulleys or other 
work to 3 ft. or more in diameter, cannot be right. 
In America, except in smali shops, band pulleys are 
now turned on machines made for that purpose. A 
common engine lathe is by no means a machine such 
as a skilled engineer would design for turning pulleys. 
or operating on any kind of work when the diameter 
of pieces exceeds their length or width. Neither is an 
engine lathe as a machine adapted for boring in the 
centre of large pieces, nor indeed for boring of any 
kind. Its true function is to turn shafts or spindles, 
cut screw threads, or do other work on pieces of 
considerable length and of small diameter. It also 
is true that almost any kind of work may be done by 
an engine lathe, and in many cases, a makeshift 
mode of working is more economical than to attempt 
exact adaptation, but what we want to point out 
is, that the Americans are modifying machine tools 
faster than we are, and in some cases with consider- 
able gain. 

For example, pulley turning machines before 
mentioned are a regular article of manufacture; they 
are generally arranged to turn two pulleys at once 
giving a convex or straight face as may be required ; 
in some cases the machines are more elaborate ; one 
which we could refer to will receive and operate 
upon six or more pulleys, at the whole requiring not 
more attention than two boys can give. 

To turn pulleys there are required two end 
supports for a mandrel (and dead centres at both 
ends are best), mechanism to revolve the pulley, and 
a tool slide with either a right line or curved move- 
ment, One feeding rod or screw may actuate half 
a dozen such slides, and one frame support as many 
centres and sets of driving gearing. Such a machine 
is more efficient than six engine lathes doing the 
same work, while the investment, maintenance, 
attendance, and expense will not be more than one- 
half as much. There are not in use, that we are 
aware, many machines of this kind, but the tendency 
is that way. Adaptation is supplanting the old 
engine lathe with special machine tools having in- 
creased capacity, costing less, and requiring less 
skill to manipulate. 

In respect to machines for planing metal, the re- 
marks made about heavy cutting applies the same 
to these as to lathes. It would require too much 
space here to review the whole subject of planing 
and planing machinery. Some general remarks will 
suffice to explain the difference between American 
and European practice. If inquiry is made it will 
be found that in most cases the idea of excellence 
or merit in planing machines is based upon their 
cutting power. ‘This is certainly true in this 
country, and for many kinds of work, as well as 
the system of working, such an estimate is often — 
but not always—right. 

A shrewd locomotive superintendent of an 
American railway when listening to a recommenda- 
tion of a certain planing machine which was claimed 
to bea ‘powerful one,” said, “I do not want such 
a machine, it is too powerful, in the hands of a 
skilled careful man it might do, but not for appren- 
tices; you only strain pieces in fastening them to 
resist heavy cutting. We do not want heavy cutting, 
it means waste, and we do not want a machine 
which is in constant danger of wrecking itself.” 

There is much truth in these propositions, and 
some attention to adaptation would produce a change 
in this branch of machine tool practice. In most 
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American shops, if one were to inquire in respect to 
the planing and planing machines, nothing would be 
said of heavy cutting—that is easy enough done; an 
extra wheel or two will give the power, and a few 
pounds of value in cast iron would give the strength 
—attention would be called to the truth of the work 
produced, and to the appliances for holding it. 
One firm makes planing machines, of a high class too, 
the ways of which are not scraped; the surfaces go 
together as they come from the planing machine, 
and this would be pointed out instead of heavy 
cutting power. 

The holding appliances in many cases, especially 
in New England, will be found to equal in value the 
machines to which they belong. The machines are 
light, exact in all their movements, and easily 
handled. The ponderous principle can be overdone, 
or rather it may be said that it will not apply in all 
cases, and that some careful attention given to the 
reduction of the amount of metal to be cut away 
would lead to a great economy in many kinds of 
work there is no doubt. 

For planing armour plates, the edges of ship 
plates, and for large broad surfaces of any kind, 
there are certainly no machines employed in America 
which equal those in England. The fact is, that 
what we have lost in attempting to perform the 
lighter kinds of work on ponderous machines, the 
Americans lose in trying to do heavy work on light 
machines, and a little modification in both cases 
would produce a considerable advantage. 


Planing and turning iron and brass constitute a | 


large part of one of the greatest industries in 
England and America ; and the wonderful economy 
resulting from the sum of many small improvements 
made during twenty years past in these processes, 
points to further gains in the future. Most notable 
among these changes or improvements, perhaps, 
has been the introduction by Messrs. Tangye 
Brothers, of Birmingham, of the ‘‘ multiple system” 
in turning, boring, and so on. 

This firm, finding it difficult to combat that 
irrational idea of the partition of work by machines— 
that is one man to work one machine—conceived the 
idea of multiplying the functions of their tools, 
arranging lathes and boring machines with four to 
five spindles instead of one. The economic result 
was found to be very great, not so much because 
of the saving in manual labour, because this firm 
so manage that their workmen do as much as they 
ean, but mainly from the system and exactness 
arising from duplication. It is not our intention to 
allude to the practice of particular firms in these 
articles, but that of the one named is so remarkable, 
and so different from others around them, that it 
seems necessary to offer some comments in the case. 

Taking the general manipulation at the Cornwall 
Tron Works, the superficial area of surfaces planed, 
turned, bored, or drilled, for example, there is but 
little doubt that no other firm in any country has 
attained so much ; judging from carefully made ob- 
servations, but without exact data, we incline to the 
belief that labour or attending, compared with the 
best practice in America, will fall a fifth behind. 
In this proposition is meant not only the results 
due to rapid and cheap cutting and shaping of metal, 
but also the economy of investment, and the exact- 
ness of results in the class of work made. This 
great result, the outcome of a business scarce 
twenty years old, has, in so far as mechanical 
operations are concerned, been due to discarding 
old conventional methods, and boldly adopting and 
trying whatever. promised success. 

This firm some years ago seeing the economy and 
mechanical simplicity of the American mode of con- 
structing stationary steam engines, and without 
wasting time and effort in combating what was evi- 
dently an advance, adopted all that was best, 
adding improvements of their own, and the result 
was that in six years time from the founding of this 
branch, many hundreds of such engines had been 
sold, not only in commercial channels, but for ordi- 
nary mills and factories at home, and in competition 
with conservative firms who did not like to adopt 
new ideas. 

This is the spirit, and these the reforms which are 
required to meet American competition ; there is 
no other method. Sooner or later there will be the 
alternative in many kinds of engineering manufac- 
ture of either increasing production and improving 
quality, or abandoning the field to others. 


IMPLEMENTS FOR Wo0OD-WORKING. 


In regard to the manufacture of wood it is ex- 
tremely difficult toreach any reliable conclusions as to 





what may be called the general difference between 
English and American industries. Not that the dif- 
ference is wanting, because there is a vast one, but the 
difficulty is as to how far a —_ can be made. 
American practice is nearly uniform, ours strangely 
diversified. The Americans work for a market where 
the value of manufactured timber of all kinds is fixed 
and nearly uniform, while wood manufactures here 
are for the most special. The Americans con- 
tinually visit works and factories in their line, and 
improvements at once find their way all over the 
country ; here factories are shut ups and in many 
cases the method of operating is old and obsolete, 
without any one, not even the proprietors them- 
selves, knowing it. 

The timber product of America has recently been 
estimated in Scribner's Monthly at ten thousand 
millions of superficial feet or more than eight 
hundred millions of cubic feet, an amount far be- 
yond the grasp of comprehension. Of this vast 
amount, one-sixth goes to the maintenance of 
80,000 miles of railway, and nearly 4,000,000 of 
cubic feet to maintain 76,000 miles of telegraph on 
wooden poles. 

For fences of sawn lumber, bridges, and other 
uses where the wood is not machine treated after 
sawing, we might allow one-third of the whole, so 
that the amount planed, bored, turned, and reduced 
to true dimensions in joinery, cabinet, and carriage 
making, soon would equal 3300 millions of 
superficial feet, or 294 millions of cubic feet. 

ow it is idle to maintain that in working this vast 
amount of lumber where labour is dear, invention 
encouraged, and under the co-operative system 
before explained, there should not be great advances 
in the art of wood-working, such a result is inevi- 
table, and is greater than is known or suspected, As 
before explained, however, many of the machines 
and processes do not suit for the woods and wood 
products of Europe. Some modification is generally 
required, but the principle of operating is nearly 
always correct and generally worthy of imitation. 

As just remarked, many of the ingenious expe- 
dients employed in wood converting in America are 
neither known or suspected in this country. We do 
not allude to sawing, planing, boring, and so on, but 
to the many special operations which are developed 
in the workshops, and often never go farther, because 
not of general application. 

Duriog the summer of 1876, the writer of this 
with a friend stopped for dinner at a small village in 
New England, 100 miles or thereabout inland from 
the city of Boston, and having some time to spare 
went into a chair manufactory to see the machinery 
at work. Among other special machines was one for 
planing or scraping what is called the ‘ backs,” 
curved pieces to be mounted on the top in the usual 
way. ‘This machine consisted of a swinging pen- 
dulum of wood actuated by a crank; the length of 
the pendulum corresponded to the radius of the 
curve to which the ate were sawn, aud at its 
lower end was fixed a scraper or planing knife, its 
face radial from the pivot of the pendulum. The 
backs were laid into a wood frame beneath this 
scraping device, and were raised at each stroke by a 
treadle when the pendulum reached the centre, so 
as to scrape with the grain, The pieces were finished 
perfectly smooth on the inside, requiring two strokes 
for each end, the piece being reversed so as to scrape 
each way from the centre. As soon as the concave 
side was finished the piece was taken to another 
machine, the counte of the first one, except that 
the pendulum was pivoted below, and the scrapers 
acted on the convex side. 

On this crude machine, nearly all made of wood, 
and constructed, perhaps, at an outlay not to exceed 
10/. in all, a boy co’ finish, smooth—and in per- 
fect form—from three to five of the backs in a 
minute. 

Throughout the factory was displayed an economy 
of fitting which would cause astonishment in Europe, 
not that there was anything crude or imperfect, all 
was efficient and good, but cheap. Such machines 
as were of metal, the automatic lathes for example, 
were of the highest class, The steam engine was 
one of the best, but on the whole, building in- 
cluded, the entire plant for fifty or more men cost 
less than one-balf as much as would be required in 
Europe to attain the same end, One is never 
done finding strange things in wood-working in 
America, that is, for special purposes, and, as 
before said, the greater share of ingenious ex- 
pedients practised there never find their way into 
the country generally, and much less to Europe. 








nexion with the subject of expedients, we ma 
mention that a machine nearly the same as the pose 
described for scraping chair backs, is employed in a 
large axe factory in New England for scraping 
American axes. 

_ Scraping metal, shaving it is called, by power, 
is a regular and seemingly a most expeditious process 
employed in shaping axes while they are soft. The 
axes are laid on a table in front of a workman, 
between two short upright standards, which aro 
inserted in a frame having a reciprocating motion. 
The workman holds in his hands a square bar of tem- 
pered steel. geomet smooth and the corners sharp. As 
the stan move along by the side of the axe this 
bar of steel is placed in front of them, and being 
pressed down upon the axe, shaves it into form 
in avery rapid manner. The whole operation re- 
sembles, and indeed is the same, as working on 
wood with a drawing-knife, except that the two 
driving standards furnish the propelling or draw- 
ing power, which manual strength is of course in- 
sufficient for. This was at the works of the cele- 
brated Collins Company, who manufacture the 
‘*machettes” for South America, with many other 
kinds of edge tools, the excellence of which is well 
attested Lf a suit at law some years ago to prevent 
a Sheffield firm from employing the brand of the 
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These little things may seem unworthy of mention, 
and it might also be said that in all manufactures, 
and in all countries, there will be found many 
special processes and implements, but there is cer- 
tainly no country where so many expedients exist 
as in America, and where the investment in them is 
so trivial when compared with the results attained. 

Such things being wholly, as we may say, outside 
the field of scientific data, and the outgrowth of 
personal ingenuity, they can have but little to re- 
commend them for adoption, but it is the spirit and 
circumstances which call them out that should claim 
attention. Piecework isthe main thing to bring out 
expedients for shortening and cheapening processes, 
but in this country it is seldom that workmen see 
anything beyond their employers’ gain in small in- 
ventions. ‘lhe idea of increasing consumption and 
augmenting the product, of giving their own country 
an advantage over others competing, is at this time 
an idea too far-fetched and too remote from present 
circumstances to influence British workmen. 

It is a difficult argument to undertake, and per- 
as futile as well to contend, that it is not good 
policy to cover up and hide each invention which 
saves labour, or more especially those which improve 
quality. We are not yet far enough removed from 
a time—one indeed not yet passed—when manufac- 
turers endeavoured to maintain peculiar standards 
for their products, so that they would not match 
with other makers, the threads of screws for example. 
The idea of exclusiveness is a difficult one to combat, 
and nothing but the loss of a market seems to con- 
vince people of the prudence and necessity of work- 
ing to general and common standards. Workmen 
see this spirit, and treat their own inventions in 
the same selfish spirit. ‘‘ Like master like man” is 
an adage which will apply. 

We will have some further remarks to, make upon 
this subject in another place. 


(To be continued.) 





THE HOTCHKISS REVOLVING 
CANNON. 

Tue apparently interminable conflict for superio- 
rity between guns and armour, between the 
means of naval attack and defence, has of late taken 
a new direction from the wide adoption of the 
torpedo boat, the credit of which in its highly de- 
veloped form is due to Mr. Thornycroft, of Chis- 
wick, by whose name these offensive little vessels 
are wholly known on the Continent. The limited 
experience gained during the recent Russo-Turkish 
war, imperfect and disappointing though it was, 
was sufficient to indicate the influence for de- 
struction these boats possess, and the demoralisin 
effect they can exert upon the crew of a vesse 
the safety of which poy may threaten. The wide- 
spread uneasiness which existed in this country a 
few months ago will be remembered, when the 
strained relations between this country and Russia 
threatened to conclude in hostile ture, at the 
knowledge that the former was making unceasin 
efforts to complete a large number of high- 
torpedo boats, that should be launched for the 





To digress here from wood-working, but in con- 


destruction of one of our main sources of strength— 
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the British fleet—which would have been unpre- 
pared with any adequate means of defence against 
such a mode of attack. This imminent danger has 
passed by for the moment, but the importance of 
an efficient defence against torpedo boats is occu- 
pying the earnest attention of all the maritime 
nations of Europe, and already practical steps have 
been taken—on the Continent at all events—to | 
achieve this result. 
Leaving out of consideration the special difficul- 
ties and dangers attendant on a night onset, the 
characteristics of a torpedo boat attack in daylight 
are as follows: A very small vessel, presenting no | 
salient features that may serve as a target, and | 
painted of such a colour as to be discernible with | 
difficulty, especially in thick weather, or in the grey | 
dawn, advances at a very high velocity through the 
water direct towards the object of attack, with the 
view either of exploding a spar torpedo against it, 
or of coming to sufficiently close quarters to dis- 
charge a Whitehead torpedo through the water, and 
so bring about the desired destruction. \The French 
Admiralty has fixed this latter distance at 300 metres 
as a maximum. Experiment and actual recent expe- | 
rience has shown that the torpedo boat and its crew 
are not exposed to any great amount of danger from 
the explosion of the torpedo carried at the end of 
the spar, and that but little risk is to be appre- 
hended from the sinking or a. vessel, in | 
which intense excitement, if not demoralisation, 
prevails. Even in the days of the American war, 














SEROOT 


| a 1 


the attacking party was the exception rather than 
the rule. Now, developed into a science, this branch 


when the torpedo boat was a ship’s launch, pro. | of torpedo attack will never want for volunteers, so 
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pelled by oars, and the torpedo an iron powder case 
with a percussion fuse fastened to it, destruction of 


long as the dangers to be encountered are those 
alluded to above, and to the pattering of a hail of 












Gatling bullets on the steel plates of the boat, and 
which cause more noise than damage. But although 
this new method of naval warfare has been developed 
rather by experiment than practice, the science of 
defence is already equally active, and more than one 

















Jan. 3, 1879.] 





ENGINEERING. 





THE HOTCHKISS REVOLVING CANNON. 


















































[ 
Lie itil 















































Government—France we may name as the first— 
has decided upon the means to be adopted to repel 
so great and demoralising a source of danger. 

The Gatling gun is, we believe seriously, unfitted 
for the purpose of such a defence. It has not suffi- 
cient range, nor sufficient accuracy, nor enough 
power of penetration, to be useful. It can, when 
in good order, discharge a very large amount of 
bullets, but only a part of them reach the mark, and 
probably none, excepting at very close range, could 
damage the torpedo boat—too late, in all probability, 
to avert the destruction of the attacked ship. 
Moreover, judging from the recent trials at Ports- 
mouth, this gun is liable to get out of order, and 
to be unable to render the service of which it should 
be capable. A gun to be thoroughly efficient in 
defending a ship against the attack of high-speed 
torpedo launches must have the following qualities: 
It must possess sufficient penetrating powers at com- 
paratively long ranges, combined with a high degree 
of accuracy; it should be of such limited weight 
and construction as to be entirely under the control 
of one man, who must, at the same time, be able to 
train the gun accurately and rapidly, and fire at will. 
The rate of firing should also be under control, 
capable of increasing from a few carefully aimed 
rounds per minute to a continuous stream of pro. 
jectiles at a moment of emergency. The weight of 
the shot and shell must, while small enough to be 
easily handled in quantity, be sufficiently great to 
penetrate the heaviest plate of a torpedo launch. 
Finally, mears must be provided for shifting the gun 
to any desired part of the ship. 

The French Government has already decided upon 
the class of gun which appears to combine most 
perfectly the foregoing —! and are now 
equipping with it the whole of their navy. To a 
limited extent it has been tried with excellent results 
in the Turkish navy. Russia, Austria, and Holland 
have conducted important and exhaustive trials ; 
and, finally, in England the same gun was experi- 
mented upon at Portsmouth during the last summer. 
We must not indeed forget to mention the United 
States experiments, reported upon by General 
Benét in the last volume of the Reports to the 
Ordnance Board, but these refer to the same weapon 
in a less perfect form. We shall later summarise in 
detail the miscellaneous experience thus gathered 




















from so many different countries, meanwhile we wil] 
describe the construction of the gun. 

One of the most interesting exhibits at the Paris 
Exhibition coming within the group of war material, 
was the Hotchkiss gun. Mr. Hotchkiss is an 
American, who having perfected the weapon, estab- 
lished large works at Bt. Denis, near Paris, for its 
fabrication. At the present time the factory is in 
an extremely active condition, owing to the large 
orders in hand for the French and other Govern- 
ments. We shall hereafter refer more fully to these 
works and the special tools employed there. 


DESCRIPTION OF THE SYSTEM. 


The Hotchkiss revolving cannon consists of a 
group of five barrels revolving on a central shaft, 
a breech-block, containing the firing mechanism, a 
feeding hopper, and the necessary hand crank for 
training and firing. The gun is mounted on trunnions 
attached to a vertical column which rests in a suit- 
able socket bolted to the ship’s side; by this means 
a universal motion is obtained. The annexed per- 
spective view shows the general arrangement of the 
weapon, the manner of mounting it, and the way in 
which it is trained and fired. ‘The construction is 
clearly shown in the details. Of these Figs. 1 to 7 
are exterior and sectional views. Figs. 1 and 2 are 
side and end elevations, Fig. 3 is a plan, Fig. 4 is a 
longitudinal section, Fig. 5 another agente section 
through the breech mechanism, and Figs. 6 and 7 are 
transverse sections through the breech-block and 
barrels respectively. Figs. 8 to 16 show the various 
parts of the breech mechanism detached, and Fig. 
17 is the feeding hopper. The barrels A A are five 
in number. They are of Whitworth fluid-compressed 
steel, delivered to the ae Moy St. Denis, 
rough turned, but not bored. e length of the 
barrels is 740 mm. (29.13in.), and the calibre 
37 mm. (1.45in.). These dimensions refer to the 
standard type of navy gun, other and larger sizes 
being occasionally manufactured, The rifling con- 
sists of twelve grooves turning from right to left 
with a constant pitch of 6 deg. The depth of the 
grooving is .35 mm. (.0137 in.), and the total length 
of rifling is 607 mm. (23.89in.). Exteriorly the 
barrels are so tapered that the outside diameter at 
the breech-block is one-third greater than at the 
muzzle. The group of barrels is held within g gun- 
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metal frame E E, Figs. 1, 3, and 6, the sides of the 
frame my as shown in the plan, Fig. 3, to 
follow the line of the barrels. This frame extends 
the whole length of the latter, and of the breech- 
block, while at the front end it is connected by a 
cross-piece formed in one with the sides. The cross 
sections of the different are seen at EK’, Fig. 4, 
and E, Fig. 6. From Fig. 1 it will be noticed that 
the side plates are tapered towards the muzzle for 
the sake of 5 papa The middle of the end part 
of the frame E' is enlarged and a bearing formed in 
it for the end of the shaft B. This shaft also passes 
through the solid portion of the breech block D, 
and is screwed at the end which carries the nut J, 
Fig. 4. A pin 54 passing through this nut and the 
shaft, connects the two. It will be observed that the 
shaft B is divided into three parts by two collars 
B, and B,,, and that the position to the rear of the 
collar B, is enlarged. Upon the shaft and abutting 
against the collar are two discs C and C?, the for- 
ward one much lighter than the rear. Five open- 
ings are formed in these discs into which the barrels 
fit, and great accuracy of workmanship is necessary 
to insure the position of these hole’ being exactly 
true, so as to prevent any winding of the barrels. 
By reference to A’, Fig. 4, it will be seen that the 
holes in the disc C are tapped, and the ends of the 
barrels screwed into them. The holes in the for- | 
ward disc, however, are only bored out. Pins 
secure the two discs firmly to the shaft B. Over 
the disc C' is placed a light semi-ring C, for carrying 
the forward sight W. ‘This half ring is bolted to the 
frame as shown in Fig.1. The breech-block D is the 
only portion of the gun made of cast iron, all other 
parts being either of gun-metal or cast or compressed 
steel. Fig. 4 shows a longitudinal section of the block 
on the central axis. The forward portion is very 
massive and solid with the exception of such passages 
and recesses as are required for construction and 
working ; the rear part forms a casing for the me- 
chanism, In transverse section it is, roughly speak- 
ing, Q-shaped, and at the back is closed by a gun- 
metal concave cover d, Fig. 4. The front end is 
shown in Fig. 19, which refers to the field gun, and 
differs only in some minor details from the piece we 
are describing, and which will be referred to 
presently. From this view it will be observed that 
the plane surface of the block is interrupted (1) by 
a raised portion around the eustiog of the central 
shaft B; (2) by a circular recess N filled up flush 
with a hardened steel disc-plug, in the centre of 
which is a small opening. It is against this disc 
that the base of the cartridge abuts in the firing 

osition, the end of the striker passing through the 
Role just mentioned. (3), By an inclined plane R 
near the top of the block, and which dies away on 
to the plane surface of the block on the horizontal 
axis of the shaft B. When in use the cartridge, 
previously pushed far enough into the barrel, is 
driven home by the sliding contact between the 
base of the cartridge and the inclined plane, as the 
barrels revolve. The manner in which the breech- 
block is cut away on one side, above for loading and 
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below for extracting the fired cartridge, is shown in 
Fig. 19. The rear face of the solid part of the block 
is recessed (Fig. 4) to receive the round nut on the 
end of the shaft B, and below is an inclined paseage 
in which the striker N, slides. The form of the 
rear part of the block is represented clearly by 
Figs, 4, 5, and 6. The latter shows also the two 
horizontal jaws formed on the outer side along the 
whole length, and between which the frame of the 
gun is — and fastened by two through pins d' 
on each side (Fig. 1). Taking Fig. 6 first, the 
following specialties of the hollow part of the 
breech-block will be observed. On the right-handside 
and around the axis 1, 1, is a boss or bearing for the 
spindle F, which has also an outside bearing in the 
frame E, andathird onetowards the left of the breech- 
block, formed on the top of the rib F'. To the right 
and at the bottom of the chamber is the rear guide for 
the striker N'. The form of this guide is also shown in 
Fig. 4, where it will be seen to be inclined and 
tubular, but slotted through on the upper side, to 
allow the finger on the end of the striker to traverse. 
On the left-hand side, the bottom of the chamber is 
slightly depressed to clear the extractor link I and 
the crank I', There is also a recess in the side of 
the chamber with dove-tailed edges at top and 
bottom in which the extractor rack L, travels. 
Finally at the top of the chamber, and extending 
from the rear to the front of the breech-block, 
where it is intersected by the inclined — (Fig. 19) 
before mentioned, is a trough in which the cartridge 
plunger traverses and the —- lies before being 
placed in the gun. This is clearly shown in Fig. 5, 
where it will be seen that the plunger M' moves in a 
cylindrical passage, the lower half of which is the 
extension of the trough M of the block D, but that 
the latter is cut away, leaving the trough open to 
receive the cartridges, the hopper for the latter 
being placed just over this opening. The rear end 
of the breech chamber is closed by means of the 
n-metal cover d hinged to the bottom of the 
reech chamber, and when shut is secured by the 
screwed stud d', shownin section Fig. 4. This stud 
screws into the top of the breech, and is provided 
with a circular plate, around the periphery of which 
isa projecting 7 en A depressed seating is formed 
partly on the breech and partly on the cover to 
receive the plate, and a circular groove is also cut, 
so that when the stud is home the flange locks the 
cover firmly in place. On the inside of the cover 
near the top is a projection o which receives the pin 
carrying the spring O. The exterior attachments 
of the breech-block are the cartridge hopper Q, 
the stock S, the external gearing, sheathed in a 
gun-metal casing /, the revolving and firing crank 
f\, the controlling bandle ‘I’, and the rear sight V. 
(To be continued.) 





PHYSICAL SCIENCE AT THE PARIS 
EXHIBITION.—No. VII. 
METEOROLOGICAL INsTRUMENTS.—III. 
THEORELL’S PRINTING METEOROGRAPH. 

Towarps the end of the first of the present series 
of articles on the meteorological instruments at the 
Paris Exhibition,* we very briefly referred to the 
beautiful electrical printing meteorograph of the 
late M. A.-G. Theorell, one of the professors in the 
University of Upsala. 

This instrument, which was in the Swedish Sec- 
tion of the Exhibition, exhibited by the constructor, 
M. P.-M. Sérensen, of Stockholm, was one of the 
most interesting objects in the Champs de Mars; 
for, apart from its superb workmanship and finish, 
it is an instrument which is capable of recording 
upon a band of paper, in ordinary Roman figures, 
— in vertical columns, the readings of the 

arometer, dry and wet-bulb thermometers, velocity 
and direction of the wind for every quarter of an 
hour throughout the day and night, printing side 
by side with these figures the times at which the 
records are taken. And as the clock, by which the 
period of the records is regulate}, is wound up by 
the apparatus every quarter of an hour, the instru- 
ment will continue to work without attention as 
long as the regs A which it is actuated is main- 
tained in order. ‘This being done, the only limit to 
the period during which the apparatus will continue 
to work is the ay abe the per band, and, as it can 
carry enough for months’ supply, it follows that 
the instrument may be left to itself for that period, 
and it will go on recording four times every hour for 
three months the readings of the various meteoro- 
logical instruments with which it is connected. 





* See ENGINEERING, vol. xxvi., page 409. 








The whole apparatus consists of five parts, namely, 
the recording or printing apparatus, which may be 
fixed in any convenient position within an obser- 
vatory, and the four transmitting meteorological 
instruments, viz, 1, the barometer ; 2, the dry and 
wet-bulb thermometers; 3, the anemometer ; and 4, 
the vane or weathercock by which the direction of 
the wind is indicated and transmitted. As all these 
instruments are connected with the central appa- 
ratus only by electrically conducting wires, they 
may be fixed in situations most favourable to their 
various functions, the wind gauges in the most ex- 
posed, and the thermometers in the most sheltered 
spots, while the barometer may be fixed in a place 
the most uniform in temperature. 

Fig. 1 is a general view of the printing or record- 
ing instrument, and the other figures, to which we 
shall refer later on, illustrate some of the details of 
the apparatus. Before, however, describing any of 
the parts we will briefly give a general idea of the 
principles upon which this ingenious apparatus 
works. 

In the printing instrument and mounted upon a 
horizontal axis is a set of type wheels, of which 
there are nine, appropriated as follows; one for 
printing the time record, two corresponding to each 
of the two thermometers and the barometer, (one 
wheel containing the whole number, and the other 
the decimal parts), and one devoted to each of the 
wind-recording instruments. Each of these type 
wheels is shifted every fifteen minutes by an electro- 
magnetic reversible “ step-by-step” motion, actuated 
by a little electro-magnetic engine which is in circuit 
with another and corresponding electro-magnetic en- 
gine at the distant transmitting instrument to which 
it corresponds. Above the set of type wheels is a 
roller under which passes a band of paper 6 in. wide 
and about 120 ft. long, which is periodically brought 
down upon the type wheels every quarter of an 
hour, to receive the impression of those figures 
which are uppermost at the time. 

The method by which variations in the meteoro- 
logical instruments are made~to set in motion the 
type wheels of the printing apparatus may be under- 
stood by considering the action of the dry-bulb 
thermometer, which can be taken as typical of that 
of the other instruments. The thermometers in M. 
Theorell’s apparatus differ from ordinary thermo- 
meters only in the fact that they are open at the top, 
so as to allow of a fine steel wire being freely passed 
up and down the tube in order to make electrical con- 
tact with the mercurial column at whatever height 
it may be standing in accordance with the tempera- 
ture of the air at the time. The lower portion of 
the mercury is in connexion, by means of a 
platinum wire sealed into the tube, with one pole of 
a battery, the other pole being connected to a circuit 
which, after traversing certain electro-magnetic in- 
struments to be hereafter referred to, is connected 
to the steel wire mentioned above. 

Close to the printing apparatus at what may be 
called the “home station” is a little electro-mag- 
netic engine controlled by a flywheel, and started 
every quarter of an hour by a small contact maker 
actuated by a clock. In circuit with this little 
motor, and at the thermometer station, is placed an 
electro-magnet furnished with a vibrating armature 
which must necessarily vibrate synchronously with 
the armature of the motor at the home station (it 
being actuated by the same current). To each of these 
vibrating armatures are attached hooked pawls, which 
by engaging in the teeth or pins of corresponding 
ratchet wheels drive them round at a uniform 
speed, and, as there are the same number of pins or 
teeth on the wheels at the two stations, they make 
an entire revolution in exactly the same time. The 
axis of the wheel at the thermometer station is a 
vertical screw, to which it is attached, and which inro- 
tating causes a nut sliding between guides to traverse 
it from top to bottom, From this nut depends the 
steel wire which down the tube of the thermo- 
meter, and the pitch of the screw isso proportioned 
to the number of pins on the ratchet let , that as 
the lower extremity of the wire, in its passage 
through the tube, passes in succession the divisions 
of the thermometer scale, the figures on the type 
wheel at the home station, corresponding to their 
respective divisions on the scale, are brought by the 
isochronouselectricmotortotheir uppermost position, 
and therefore opposite to the band of paper. us, 
while the wire is being fed down the tube, the type 
wheel is rotating backwards, that is to say is 
traversing the fi on its periphery in their inverse 
order beneath the paper to be printed. This goes 
on until the point of the steel wire reaches the sur- 








face of the mercury making electrical contact 
between them; the effect of this is to throw an 
electro-magnet into circuit with another battery, 
The armature of this et is immediately at- 
tracted, the action of which is to shunt the first or 
motor current to one of the other indicating instru- 
ments, such, for instance, as the wet-bulb thermo- 
meter, and at the same time to stop the rotation of 
the type wheel corresponding to the first instrument 
at the — which it occupied at the moment 
the steel touched the mercury. The stopping of the 
type wheel is effected without interfering with the 
rotation of the motor engine, by a little electro- 
magnetic apparatus called a regulator, which simply 
lifts the ratchet pawls out of gear with the wheel, 
and which is actuated by a separate regulator 
current also transmitted at the moment the steel 
wire touches the mercury. 

The same operation is repeated with the wet-bulb 
thermometer, and the meeting of its steel wire with 
the mercury in its tube shunts the motor current to 
the anemometer, which, though necessarily different 
in constructive detail, is very similar in principle as 
far as the transmission of its record is concerned ; 
when this is completed the current is similarly 
shunted to the weathercock or direction indicator, 
and that, in its turn, transmits the motor current to 
the barometer, which is of the y aes form, and whose 
readings are recorded by the dipping of a steel wire 
into the mercurial column in a manner similar to that 
inthe thermometer. During the whole of the period 
in which all the instruments are transmitting their re- 
respective records, the contacts within the different 
instruments are maintained, and when the last type 
wheel has been brought into its proper position, and 
not till then, the impressing apparatus is set in motion, 
and the records of all the instruments are printed in 
one stroke. When the wheel, which brings the im- 
pression frame down upon the type wheels, has made 
a complete revolution, it presses two contacts to- 

ether, thereby transmitting through the regu- 
ator a current by which the reversing pawls are 
thrown into gear, and the type wheels are driven 
round in the reverse direction, at the same time 
the electro-magnetic mechanisms at the outside 
stations are similarly reversed, the wires are lifted 
away from the mercury in the thermometers and 
barometer, and the contacts in the anemometers 
are separated to the limits of their range, the ap- 
paratus comes to rest, and remains so until it is 
started again by the clock fifteen minutesafter the last 
record was commenced, From the above description 
it might appear that the time occupied by the appa- 
ratus in going through the cycle of its operations 
must necessarily bear a considerable proportion to 
the period between one record and the next, but 
this is not the case; the operation, which takes long 
to describe, occupies but a few seconds to be per- 
formed, and the whole apparatusis at rest except for 
a few seconds after each quarter of an hour. 

Fig. 1 is a general view of the printing apparatus ; 
the set of type wheels are shown at S to the left of 
the figure at the bottom of the upright frame, ¢ ¢ c are 
rollers over which the band of paper is passed, these 
rollers are mounted ‘in a rocking frame, which is 
centred at #, and which is — every quarter 
of an hour by a crank and lever attached to the 
motor-magnetic engine. The set of inking rollers f 
attached to a frame which swings on the axis of the 
type wheels is linked to the roller rocking frame, and 
the movement of the latter causes the inking rollers to 
deposit colour on those types which are about to make 
the impression. Thesupply of paper is wound upon 
adrum r, from which it passes under, over and under 
the rollers ¢ ¢ c, then vertically upwards, as shown in 
the drawing, to the feeding apparatus C at the top 
of the upright frame. is part of the apparatus 
consists essentially of a pair of rollers drawn to- 
gether by springs, and between which the paper 
passes, being nipped by the pressure between the 
surfaces of the rollers, One of these (that marked 
C) is every fifteen minutes rotated through a small 
arc by a ratchet and ratchet wheel, actuated by the 
mechanism below through the connecting rod 4, but 
after four impressions have been made, that is to 
say every hour, the same mechanism throws the con- 
necting rod g into gear, and as this is attached to 
the ratchet lever at a point nearer to its fulerum a 
longer stroke is imparted to it, and the feeding roller 
is advanced through a space twice as much as it is 
moved by the rod 4, two ratchet teeth being engaged 
instead of one. By this simple arrangement the 
even hours are marked by a wider space in the 

rinted record after every four impressions have 
en made, This is shown in the following Table, 
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Velocity of Direction of Wet-Bulb Dry-Bulb 

Hours. Wind. : "Wind. ? Thermometer. watsnendiee. Barometer: 
kilos. hour. 0—32 Centigrade. Centigrade. millimetres 

12 m 0 ssn 25 11.25 13.45 758.3 
re) 24 11.5 13.6 758.3 

oO 25 11.55 13.7 758.3 

0 24 11.55 13.8 758.2 
1 oO 25 116 13.9 758.45 
Oo 24 11.8 13.95 58.4 

re) 25 11.8 14.05 58.3 
oO 24 11.8 14.1 758.25 

2 0 25 11.95 14.15 758.4 
oO 24 1.9 14.15 758.25 

oO 25 11.95 14.2 758.15 

¢) 24 Ll 14.25 768.15 

3 re) 25 12.15 14.35 58.2 
oO 24 12.15 14.45 758.15 

oO 25 12.3 14.55 758.1 

re) 24 12.05 14.65 758.1 

4 Oo 25 12.15 14.7 758.1 
oO 24 12.25 14.75 758.05 

oO 25 12.45 14.8 758.05 

0 24 12.35 14.9 758.1 




















which is copied from a portion of the record giving 
the readings of the instruments between the hours 
of 12 and 4.45. As all the meteorological instru- 
ments which transmitted the above readings were 
fixed within the building of the Paris Exhibition, 
the second column recording the velocity of the 
wind indicates a dead calm, while the third column 
shows that the weathercock would be pointing to 
the west. The type wheel of the anemometer is 
numbered from 0 to 71 representing kilometres per 
hour, and that for recording the direction is 
numbered from 0 to 31, indicating 32 different 
directions, 0 corresponding to the north, 8 to the 
east, 20 to south-west, 24 to west, and so on, 
the figures being numbered from the north in the 
same direction as the movement of the hands of a 
watch, that is to say in the direction N., E., 8., W. 
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Fig. 2 represents the little electro-magnetic motor 
evgine, which forms part of the printing apparatus, 
and which sets the type wheels, and at the same time 
transmits the motor current by which the apparatus 
at the outside stationsfare set into motion. M is an 
electro-magnet having above its upper end an arma- 
ture attached to the shorter arm of an oscillating 
lever ; the longer arm of this lever is connected at 
its extremity by a connecting rod to the crank of a 
flywheel; thus constituting a small electro-magnetic 
engine. Near theconnecting rod end of the oscillating 
lever is pivotted a second, connecting rod 6 attached 
at its lower end to the horizontal arm of a bell- 
crank lever p p; the upper end of the vertical arm of 
this bell-crank is linked by the,7-shaped bar d C, 
supported by the link ¢, which is always parallel to 
the upper arm of the bell-crank. To the vertical 
portion C of the bar d C are attached the two 
driving pawls cc, furnished with hooks at their 
further ends, which catch hold of the pin 
attached to the type wheels. When this little ap- 
paratus is set in motion, anoscillating movement is 
communicated by the linkwork to the pawls, and 
they pull round the type wheels in one direction or 
the other according as the upper or lower pawl is 
placed in gear with the pins standing out from the 
face of the wheel. The contrivance by which the 
direction of rotation of the type wheels is determined 
is most ingenious. Between the two pawls is a 
rotating disc having a small segment cut off from 
its circumference ; against the periphery of this 
disc the arms of the pawls press, and that pawl 
which rests on the flat portion of the disc is placed 
in gear with the pin-wheel. The angular displace- 
ment of this disc is effected by a special magnet and 
electric current called the regulator current. This 
regulating apparatus is illustrated in Fig. 3, in which 
A is an electro-magnet, which, when a‘ current is 
transmitted through its coils, attracts. its armature, 
and by means of the rod J and detent ¢ sets in 





motion the oscillating linkwork ///, driven by the| down by the rotation of t 


electro-magnetic engine, and by means of a ratchet 
wheel and pawl causes the disc d to rotate, bringing 
its flattened portion under one or other of the 
pawls cc which actuate the type wheels; when the 
flattened portion is not under either pawl both 
are lifted away from the pins, and no motion is 
communicated to that wheel. Upon the arbor a of 
the disc are placed the commutators by which the 
motor and regulator currents are shunted in succes- 
sion to the other instruments. Fig. 7 is a plan of 

















the same apparatus, the various parts being indi- 
cated by the same letters. The commutators are 
shown in this figure against the upper end of the 
regulator spindle aaa. Figs, 4 and 6 illustrate the 
apparatus at the thermometer station by which the 
steel wires are raised and lowered into the thermo- 
meter tubes. Above each thermometer is a lever, 


one end of which is shown marked L in Fig. 4 ; thie 
end bears against a plate p, which is part of a frame 
and moved up and | 


screw r acting on & 


sliding in vertical guides g if: 
e 








sliding nut, to which the sliding frame is attached 
by the rod ¢. To the opposite end of the lever, 
shown at d, Fig. 5, is attached the wire holder a, 
which carries the steel wire, a portion of which, 4, 
is shown in this figure. The wire is by this 
means raised and lowered within the tube, its verti- 
cality being insured by the guide rod ¢¢. Rotation 
in one direction or the other is imparted to the 
vertical screw r by a pair of pallets cd engaging in 
a pin-wheel similar to that in the printing apparatus, 
but ug | upon a vertical instead of a horizontal 
axis. To the pallets an oscillating motion is com- 
municated by a lever attached to a vibrating arma- 
ture actuated by the electro-magnet E, which is in 
the circuit of the motor current. At R is placed 
the regulator magnet by which one or other of the 
pallets is thrown into gear with the pin-wheel 
through the intervention of a cam disc similar to 
that in the co pry for the printing apparatus. 
Through the of this magnet an electric current 
is transmitted by a contact maker on the arbor of 
the regulator of the printing apparatus, so that when 
the direction of rotation of the type wheels is re- 
versed, the rotation of the screw is reversed also, 
and the wires are lowered into or raised out of the 
thermometer tubes. A precisely similar arrange- 
ment is adopted for raising and lowering the wire 
into the open end of the barometer tube. 

Theanemometer, by which the velocity of the wind 
is indicated, is of the form designed by Dr. Robin- 
son, consisting of four hemispherical cups mounted 
upon radial arms attached to a vertical spindle and 
driven round by the wind. To this mill is con- 
nected by suitable gearing the transmitting appa- 
ratus, which consists of a rotating spindle, to which 
is attached a platinum indicator, which is carried 
round in a Foil » over a series of contact pieces, by 
which an intermittent current is transmitted to the 
printing apparatus. A similar arrangement is placed 
in connexion with the girouette, or ‘‘ weathercock,” 
by which the direction of the wind is indicated and 
transmitted to the registering apparatus. ‘This in- 
strument is that designed by Professor Piazzi Smyth, 
the Astronomer-Royal for Scotland, and consists of 
two little windmills rotating upon a horizontal axis 
fixed at right anglesto the line which would be repre- 
sented by the centre line of an ordinary weather- 
cock. On the axis of these little mills is an endless 
screw gearing into a fixed wormwheel, so that the 
rotation of the fly spindle causes the frame to which it 
is fixed to swing round to the wind. ‘The slightest 
deviation in the direction of the wind to the right or 
left of the central line of the framework causes the 
mills to turn in one direction or the other, which by 
means of the endless screw brings the frame round 
until the two mills are symmetrically presented to the 
quarter of the wind, 

As the upper ends of the thermometer tubes are 
open, and as the accuracy of the instrument depends 
upon the feeding apparatus being stopped the in- 
stant the wires touch the mercury, it is important 
that both the surface of the mercury and wires 
should be kept free from oxidation and from im- 
purities. For this purpose the upper ends of the 
thermometers o into a hermetically closed 
chamber in whic laced the thermometric trans- 
mitting apparatus. ‘This chamber is sufficiently air- 
tight to withstand without leaking several inches 
of pressure, and the air within it is artificially dried 
by the introduction of vessels containing calcium 
chloride, and is freed from carbonic acid by placing 
within it caustic potassa, 

From the great complexity of this beautiful ap- 
paratus it might be expected that it would be liable 
to become deranged and occasionally to ‘‘trip” in 
recording ninety-six times in every twenty-four 
hours, the indications of four instruments more or 
less ex to sources of error, making 384 records 

er day, but a long continued use of the apparatus 
in the observatories of Upsala and Vienna has shown 
that is is perfectly reliable. The instrument at 
Upsala prints six times per hour, making 576 re- 
cords per day, and it has been in regular use for 
more than six years, during which time it bas given 
without intermission accurate records of all the in- 
struments with which it is connected, and at Vienna 
M. Theorell’s meteorograph has been in constant 
use since September, 1874, with similarly excellent 
results. That so complicated an automatic appa- 
ratus with necessarily so many parts, and worked 
by electro-magnetic motors should keep in such 
perfect order says very much for the great perfec- 
tion of the workmanship of every part of the appa- 
ratus, which is the work of Sérrensen, of 
Stockholm, 
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THEORELL’S METEOROGRAPH AT THE PARIS 


RICHARD HARTMANN. 


Ricuarp Harrmann, the well-known engineer and 
manufacturer of Saxony, died of apoplexy December 16 
last; from the Chemnitzer Tageblatt und Anzeiger we de- 
rive the following details of his career: He was born at 
Barr, near Schlettstadt, in Alsace, in 1809, where his 
father was a master tanner in a good position. After 
leaving school, Richard Hartmann was apprenticed to Mr. 
George Dietz, of Barr, a lockmaker and blacksmith, and, 
on completing his time, started in an itinerant fashion to 
work on his own account. In 1832 he found employment 
in Chemnitz, under Mr. C. G. Humboldt, who may well be 
regarded as the founder of engineering in that city, and 
who soon found that Hartmann ———s qualities be- 
yond those of a good workman. Mr. Humboldt’s ser- 
vice he became foreman of spinning machinery in his 
Chemnitz shops. Hartmann gradually saved a small 
sum of money, and in 1887 he commenced on his own 
account with three workmen, and a capital of about 100/., 
to build spinning machinery. In the same year he mar- 
ried. In spite of many difficulties, arising chiefly from 
want of capital, his business increased, and he soon had 
enough work to employ thirty men. When, as a result 
of the invention of continuous weaving in 1840, the old 
system was abolished, found it necessary to 
erect new works at Gablenz, near Chemnitz, and soon 
afterwards he took possession of still larger premises in the 
Klostermijhle, where for a long time, work was continued 





(For Description, see Page 6.) 
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day and night. It was about this time that Hartmann 
commenced to manufacture spinning machinery, and 
laid the foundation for the high reputation his firm has 
always since maintained for this class of work. In 1844 
he commenced engine construction, and in February, 1848, 
the first locomotive, “Gluck Auf,” for the Sachsisch- 
Bayrische Railway left his works. In the same year he 
came with a number of his engineers to England to 
select the best tools he could get for locomotive building. 
It was during this and the succeeding year that political 
disturbances depressed the trade of Europe, and neces- 
sarily Hartmann suffered with other makers; to meet 
the difficulty he commenced the manufacture of rifles, 
and the Government of Saxony assisted him with capital. 
After this period of depression had passed, a new and in- 
creased demand for spinning machinery found Hartmann 
well prepared, his shops fitted with the best tools and 
ready to supply all orders. In 1850 the number of his 
workman had reached 800, and amounts of work 
were turned out. Four years later, he built a foundry, 
at first with two cupolas, and soon after, in the spring of 
1855, he commenced to construct turbines, waterwheels, 
and general millwork, giving considerable attention also 
to mining machinery and appliances. Of course all this 
had required at different times the enlargement of the 
establishment, and when, in 1857, he began the construc- 
tion of tools as a specialty, he had over 1500 men in his 
employ, and some 540 tools in his shops. Mr. Hartmann 
always contributed largely, to all great exhibitions, 





and held numerous medals and other awards for his ma- 
chinery. 

In their size and reputation the works of Mr. Hartmann 
rank second to none in Germany, and they prospered 
and grew under his hands from their small commence- 
ment until 1870, when he sold the whole concern to a 
limited company, the Siichsische Maschinenfabrik, of 
Chemnitz, for 450,000/., retaining for himself the presi- 
dency of the company, and for his son, Gustav Hartmann, 
and his son-in-law, E. Keller, positions as directors, and 
he continued to take an active interest in the business 
until his dea In 1872 Mr. Hartmann married a second 
time, and during the last five years he lived alternately 
at Chemnitz, Dresden, and Laubegatt, and leaves two sons 
and three daughters from his first marriage. 





VicTORIAN Rartways.—A new Victorian Railway Con- 
struction Bill provides for the construction of 1121 miles 
of eres ata cost of 6,125,0001. irty-two lines are 
scheduled, but a proposed loan of 2,500,0001. will construct 
only 14, and the Government proposes to take these in the 
order in which they are placed in the table. The total 
oe of these 14 lines is 404 miles. The new network 
includes three short suburban lines, namely, Caulfield to 
Mordialloe, 10 miles ; Hawthorn to Lillydale, 18 miles ; 
and Richmond to Coburg, 6 miles. The fifteenth line is 
from Fitzroy to Heidelberg, 6 miles, but it will have to 
stand over. Seven of the railways are what are 
termed “‘ selectors’ lines.”’ 

















Jaw. 3, 1879.] ENGINEERING. 9 











VIADUCT WITH ROCKING PIERS (PETERSSON’S SYSTEM) OVER THE LYSEDAL, NORWAY. 
MR. CARL PIHL, M.LC.E., ENGINEER-IN-CHIEF. 
(For Description, see Page 1.) 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


‘ MIDDLESBROUGH, Weteute. 

Fig .38 The Cleveland Iron Market.—Y: was a 

good attendance on tu 2 at ge a batt businest 

was again very flat. Prices were similar to those of las# 

week, being based on No. 3 Cleveland pig se selling at = 
per ton, less 1 per cent. There is very 

pigs. Messrs. Connal and Co. bave in stock at on 
agg 67,650 tons of warrants, which are nominally quoted 
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° 36s. per ton net cash for No. 3. This is the season of hope, 

a and people indulge in good wishes for the new year, but no 
D hard-headed commercial man dare that prosperity 

olf indications 
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in the iron trade is at hand. ST agheak thee ane 
of a still farther may owns A in trade. atom and men 
have wages questions to settle, and it is feared that in some 
Z branches of industry there will be considerable difficulty in 
5 these matters. The Cleveland miners ogg the blast furnace- 
| A men of the north of England some time ago agreed to re- 
hah ductions of 5 per cent., and they will man again be inter- 
AS 3G fered with at present. In the ‘actured iron trade 
” there will not be any disturbance, as the np one pening 
and receiving wages on account Poitration decision 
the um i who presided over the arbi "shipbuilding 
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fortnight ut in the engineering and shipb 
trades there are local “Then t which may cause a grea 
deal of misery and loss. there ishonng a 
national struggle in the engineering trade about the nine 
hours’ movement. 

The Finished Iron Trade.—There is no improvement in 
this branch of industry. A great ae men are out of 
akon In all the northern towns a generous re- 
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by aapoiing thom wi is 2 amount of distress. 
Wit some time past the plate mills of Messrs. Bolckow, 
Vaughan, and Co. Bo. there have been standing for want of 


ms. Knowi 

essrs. Bolckow, Vaughan, and Co. used extra means to 
obtain work for the men, 

manager offered to start one of the mills, but to his sur- 
price Se men setaned fe, wine, Se tae. 2 See 
cent. which it is expected will be made by the umpire who 
sat at the recent arbitration proceedings. It is thought 
that the men mi Se Reo sea eS had the 







































tonnage 
in previous years. It is quite clear that compared with the 
Cine, the rivers on the north-east coast are making very 
rapid strides in shipbuilding. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
A Question for Gas Engineers.—The inhabitants of Drif- 
field are exercised in their minds because their drinking 
water is flavoured with coal It appears that the wells 
and bores in the vicinity of the gas works there yield water 
tasting and smelling strongly of the . The com- 
j any have been remonstrated with, and have made ‘‘ bores’’ 
for the purpose of remedying the evil, but the result has 
been an utter failure. The company have now 
required by the local board ‘‘ to abate the nuisance,’’ but 
low to do it is the question. The interior of the gasometer 
and its inner foundations cannot be inspected without 
serious inconvenience to the public service. The local board 
are now about to proceed inst the company under 
the Public Health Act for the recovery of penalties 
mentioned therein. The Act referred to provides that any 
person causing the water to be polluted as in the present 
case isliable to » penalty of 200/. if it is not stopped within 
twenty-fours, and to a penalty of 201. a day so long as it 
continues after that time. Meanwhile the people are 
being half poisoned. It might be acheap policy to consult 
some ing engineer on the matter. 


Sheffield.—The Local Government Board has sanctioned 
a loan of 300,0001. for public improvements in Sheffield. 


Doncaster and its Water Supply.—The Corporation of 
Doncaster is seeking to make great alterations in regard to 
its water supply, and it also asks for powers which will 
seriously affect Sheffield and the manufacturing districts 
around it. The Local Government Board has instituted 
an inquiry into the matter. The corporation seek to in- 
clude in their new scheme six important outlying districts, 
but their second aim is the most important. It is ‘‘ to make 
it an offence to pollute any stream, spring, or watercourse 
within the area of the watershed of the works.’’ A number 
of the manufacturers who have works on the Don, the 
Rotherham corporation, and several local is, have 
op this latter clause, as it would place them in a very 
difficult position and involve them in extraordinary expenses. 
The corporation also seek to extend their borrowing 
powers to 76,0001. It has been elicited that if the maximum 
rents allowed by the Act were charged, and every one took 
the water, the revenue would amount to about 40001. a 

ear. The corporation is already burdened with a loan of 
30,0001. for sewage works, and have been paying it back 
for six or seven years, but more is requi under this 
head. The ratepayers are greatly opposed to this new ex- 
penditure on me ne works account. 


An Independent Board.—Up to the present time the town 
of Rawmarsh has been supplied with gas and water by the 


Rotherham corporation, but the local board of the former ing 


have now lodged a Bill in Parliament by which they seek 
to acquire the gas mains and pipes within their district now 
belonging to the Corporation of Rotherham. For the pur- 
chase of the works and mains it is estimated that 16,0001. 
will be necessary, and for working capital 30001. 








NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Sa ane just closed has been one of almost unparallel 

dep on in trade, manufactures, and commerce; and 
as if that depression were not sufficiently great, and of 
sufficiently extensive ramifications, we were called upon 
three months ago to suffer a great financial collapse. 
‘The reckless financial gambling which resulted in the 
failure of the City of G Bank has exerted such 
a blighting influence and begotten such an amount of 
physical misery as are quite beyond the ~~ of any 
haman being to estimate. Almost every branch of in- 
dus that is prosecuted north of the Tweed is most 
ncn experiencing the withering influence of the bank 
failure. Itis earnestly to be hoped that legitimate specula- 
tion and productive industry may soon be re-established 
on a sound footing in Glasgow and elsewhere throughout 
Scotland. With the view of making ends meet, em- 
ployers of labour in almost all departments have been 
compelled to reduce wages to a very low ebb, more 
especially in the mining trade and amongst the iron- 
workers. The demand for coal and iron has been very 
limited throughout the whole year, and profits have in 
many ces been absolutely nil. The railway com- 
panies have also had to curtail ben pore: very consider- 
ably, he reduced outlay being obtained not only by lessening 
the wages of the skilled and unskilled workmen, but 
also (in the case of the Caledonian) by diminishing the 
salaries of the higher officials formi the executive staff. 
Latterly, the companies have deemed it prudent to make 
concessions to the min owners and congener | 


lessening the freigh rates—the reduction upon “ 
iron- ing materials’ amounting to 15 per cent. 

yet to seen if these concessions will stimulate trade to 
any marked extent. There is no doubt, on the whole, that 
the new year opens with a more confident and hopeful tone 
than that which characterised during the greater 
part of the past two or three months. ) 

Glasgow Pig-Iron Market.—The market opened last 
ioe Ted cash proam todos ts Gon at 43s. 8d. and 
43s. 74d. prompt, receding . 6d. acecepted, also 
at 43s. bese to 48s. 1 month . the Seeubeen 

. cash 





- | ing to enable the Monmou 


cash, closing buyers at 43s. 3d. cash and 43s. one month. 
The transactions in the afternoon were done at from 43s. 5d. 
cash, and the market closed for the week with sellers ask- 
ing 48s. 5d. cash, and buyers offering 4d. ton less. A 
shade more of firmness was shown on Monday m , 
but there was a relapse in the afternoon, althoug 
eventually the close was a turn better than on Friday 
afternoon. The cash price during the forenoon was 
43s. 6d., at which some business was done, sellers remaining 
at that price at the close, and buyers offering 43s. 5d. In 
the oon from 43s. 6d. to 5d. was paid, and the 
market closed with sellers asking 43s. 6d., and buyers offer- 
ing 43s. 5d. Yesterday’s market was very quiet during 
the forenoon, and prices receded to the extent of 3d. per 
ton, closing very backward. Sales took place at 43s. 5d. to 
43s. 3d. cash prompt, 43s. 3d. to 43s. 2d. cash on Thursday, 
and 48s. 2d. one month fixed, the market closing with 
selleas at 43s. 3d., and buyers at 43s. 2d. cash, and 43s. 1d. 
one month fixed. There was no market in the afternoon, 
nor has there been any to-day, as New Year’s Day is the 
universal holiday throughout Scotland. A very large 
amount of business has recently been done in iron for im- 
mediate delivery, principally squaring off the ‘‘ bear’’ ac- 
count, while forward delivery iron, at much lower prices, is 
quite neglected. The statistics for the past twelve months, 
which have just been compiled, are by no means favourable, 
and hence the desire to sell forward iron at the low prices 
named. For shipping iron the demand has been very 
quiet, and prices are rather easier. Owing to the severe 
frost of last and two es weeks having greatly im- 
ded the transit of a iron along the canals, 
o. 3 Scotch iron went more freely into consumption. Up 
till last Friday ——— stock of pig iron with Messrs. 
Connal and Co. was 1 b 
increase. There are still ninety-two blast furnaces in 
operation as against eighty-six at the same time last year. 
Wages on the Clyde.—The resalt of the voting on the 
two alternatives given to their workmen in the intimation 
issued by Messrs. Caird and Co., Greenock, and quoted in 
last week’s ENGINEERING, is that, almost to a man, 
the reduction of es to the extent of 7} per cent. has 
been accepted in preference to returning to the system of 
working 57 hours per week. Accordingly Messrs. Caird 
and Co. have notified to their men, both in the engineering 
and shipbuilding departments, that the reduction will com- 
mence with the first day of the new year. It is just 
ible that the men belonging to the Amalgama‘ 
iety of Engineers will come out on strike if the pro- 
posed reduction brings the wages below 6d. per hour. It 
is reported that no change has been intimated to their 
workmen by Messrs. Rankin and Blackmore and by 
Messrs. Robert Steel and Co., also of Greenock. Follow- 
up their successful introduction of the piecework 
system into the shipbuilding business by Messrs. Denny, 
and Brothers, Dum m, the related firm of Messrs. 
Denny and Co., engineers, have resolved to try the same 
system in their e e works where it is oe / it may be 
satisfactorily established. When work is resumed after 
the holidays in the Leven shipyard it will be at a reduction 
of 7} per cent. on the rate of wages. 





NOTES FROM THE SOUTH-WEST. 


Swansea.—The tin-plate trade is fairly brisk, and recent 
prices are fully maintained. The tin market has been 
easier, and rather lower prices have been accepted, but the 
rospects of the market are improving. The copper market 

s been steadier for Chilian bars, and slightly higher 
prices are obtainable. 

Newport.—The arrivals were not numerous last week, 
still the exports compared favourably with the previous 
week. Of iron ore, 4200 tons were received, as against 


8800 tons. Messrs. Burt, Boulton, and Co. received a 
cargo of sl from Riga. Only 675 tons of railway iron 
were shipped. Steam coal shipments reached 14,053 tons, 


as against 15,322 tons in the previous week. 


Trade in Dean Forest.—The improved condition of the 
Forest of Dean coal trade has induced the proprietors to 
open their pits, which was done on Th ay, and work 
was generally resumed, the colliers in the majority of cases 
being only too glad to make a “little hay while the sun 
shines. 


Coal Armour.—An experiment of some interest has taken 
place at Porchester Creek. one side of an old vessel 
called the Oberon, two compartments were formed. They 
were about 14 ft. iong and 6ft. high, and extended about 
8 ft. inwards into the ship. These com ents were 
filled with coal, one being loose material, and the other 
potent fuel, and the coal in each compartment was divi 
y boiler plates. Six shells were then fired at the ship’s 


side from a 44-ton gan, ata distance of 100 yards. None 


of the shells su ed in penetrating the coal armour. 
The South Welsh Coal Trade.—A order has been 
received by Mr. R. T. Crawshay, Cyfart for the supp 


of his celebrated steam coal to a London firm. The Pow 
Daffryn Company has also secured another large order, viz., 
for the supply of 800,000 tons of coal during the last year. 
Generally s ing, the prospects of the coal trade are 
looking more favourable. 


Monmouthshire Railway and Canal.—A Bill is pend- 

shire Railway and Canal Com- 
pany to close a ion of the Monmouthshire The 
preamble sets forth that it will contribute to the public 
and locai convenience, that the company be empowered to 
close a portion of the Monmouthshire Canal, in borough 
of Newport, and to use the same for the purposes of their 
rail ‘and other works. Power is therefore sought to 
close portion of the canal, and to a the funds of 


F 





the company towards the purposes of the Act. 


,515 tons, again showing a slight | P 


ded | itis stated that the presentation 


Pembroke Dockyard.—Orders have been received at this 
yard that the turrets of the Ajax are to be built to suit the 
size of the guns originally intended for them. This will 
enable the work on the vessel to be again proceeded with, 
as, owing to a possible alteration in the size of the guns, 
the work on the turrets and upper and main decks has been 
at a complete standstill for some time past. It is long 
since Pembroke yard was so full of vessels as at present, 
there being twelve ships in course of coustruction, viz., the 
Ajax, of about 9000 tons displacement; the Espoir, the 
Bullfrog, and the Cockchafer, composite gun vessels of the 
M class, of about 460 tons displacement ; the Pincher 
the Tickler, the Griper, and the Gadfly, iron gunboats to 
carry one 18-ton gun, and of about 200 tons displacement ; 
and two steel gun boats of the sameclass. In addition, the 
blocks are being laid down for the Majestic, a vessel of the 
Inflexible type. There are also the Pilot and Nautilus 
training brigs, wooden vessels, which are well forward in 
their work, and one of which is to be pushed forward to 
replace one of the present training brigs, which is to be 
broken up. The four iron gunboats are being well ad- 
vanced towards launching, which will probably take place 
in March, the engineers—Messrs. Penn and Co.—having 
men at the yard preparing the under-water work. The 
Mercury, steel despatch vessel, sister ship to the Iris, is in 
dock, and will shortly be in a fit state to leave for Ports- 
mouth, where she will be commissioned. 


Severn Bridge Railway. — This line commences at 
Sydney, having junctions with the Severn and Wye Rail- 
way and the Great Western South Wales line. From here 
to Purton—the site of the bridge—the distance is scarcely 
four miles, inclusive of a fone 505 yards in length, com- 

leted for a double line. From Sydney to this point there 
isa ient of 1 in 32, anieel necessary to attain the 
required height from the bridge. For some distance the 
new railway runs parallel with the Great Western service 
when it strikes away in order also to attain the require 

approach to the bridge. The tunnel masonry is very sub- 
stantial—stone foundation and side walls with brick crown. 
From the tunnel to the bridge the — falls 1 in 50. 
There are four cuttings between Sydney and the Severn, 
but the principal ones are on either side of the tunnel ; 
No. 3 has involved the removal of 80,000 cubic yards of 
earth, giving a depth from the surface of about 50ft. 
Cutting No. 4, on the bridge side, is nearly identical, and 
leads on to the viaduct, consisting of thirteen handsome 


ted | arches, with a height of 74 ft., and constructed of the 


The span over the Great 
Western Railway is remarkably —s. with oblique head. 
This portion of the undertaking stands next in interest to 
the bridge. In close age to the viaduct will be pro- 
vided the bridge station, reached , a steep pathway now 
in course of construction. Station No. 1, however, will be 
at Sydney, and it is to be utilised by the Severn and Wye 
Railway Company, being also immediately contiguous to 
the South Wales station of the Great Western line. The 
next railway may be provided at some future time with a 
double set. of rails. For the present only one has been 


made, the permanent way of which is complete to the 
tunnel. 


Cardiff.—As is a the case during Christmas week 
the returns of the le of this port show a large falling off 
in all its branches, especially with res to the quantity 
of coal shipped foreignwise, which is less by 26,159 tons 
than in the previous week. The demand for steam coal is 
better; some large orders are in the market, and No.3 
Rhondda has been in great request during the recent severe 
weather, prices for both kinds being firm. The quantity 
of coal shipped foreignwise was 56,742 tons, inst 
82,901 tons in the previous week, the cargoes Seine chenwedl 
for the following ports: Mediterranean, 24,736 tons; 
French, 23,404 tons ; East Indian, 4500 tons ; West Indian, 
3294 tons; North and South American, 550 tons; Spanish, 
258 tons. The iron exported during the week was 51 tons 
of rails to Jersey — Rhymney Company, and 500 tons 
of spiegel iron to New York by the wlais Iron Com- 
pany. 

Sirhowy.—The blowing out of the furnaces in blast at 
Sirhowy was commenced on Monday. The works have 
~ on without interruption for nearly 80 years, for 

years under the management of Mr. Jenkins. 


classes of Forest stone. 





Mr. Henry CHAPMAN.—We are glad to hear that the 
Council of the Iron and Steel Institute have mted Mr. 


stitute to Paris last autumn. In a letter from the Presi- 

** mark of appreciation of the services which you [Mr. 

“* and myself [the President] in particular, feel that the suc- 
** cess of the i ] i 

who took part 

Révue Industrielle, in noticing lately the fact of Mr. H. 

services which Mr. — has rendered during many 

rench 
Mr. Chapman’s energetic labours in this direction are 
result being, we believe, that M. Giffard received from 





Henry Chapman with a handsome piece of plate in recog- 
nition of his services in connexion with the visit of the In- 
dent of the Institute, which accompanied the testimonial, 
been made “as a 
** Chapman] so freely rendered to the Institute on the 
** occasion of their recent meeting at Paris. The Council 
meeting is attributable in a great measure 
ts which you so judiciously 
in the Paris meeting of the Institute will most thoroughly 
indorse the President’s remarks. Our contem , the 
Chapman having received the decoration of Chevalier of 
the ion of Honour, took occasion to remark upon the 
ears past in i and English engineers mu- 
Toally acquainted with each other’s inventions and produc- 
well known, and it was through his influence the Giffard 
injector was taken up by S , Stewart, and Co., the 
this country royalties amounting in the aggregate to some 
160,0002, 
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NOTICE OF MEETING. 

INSTITUTION OF SURVEYORS.—Monday, January 6th, at 12, Great 
George-street, Westminster, S.W. At the request of many 
members who desire to take part in the discussion on Mr. Hedley’s 
paper, and who will be absent at Quarter Sessions on January 6th, 

t has been determined that ‘a supplementary paper by Mr. 
Hedley on “ Cartage and Station T is" be at that meet- 
ing, and that the discussion on the two papers be continued on 
January 10th, 
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SANITATION IN THE PROVINCES. 
Ir has been tritely, if not truthfully remarked, 
that one-half of the world knows not how the other 
half lives. If, however, the converse of the case be 
considered—how half of the world dies—it is more 
than probable that the following summary of a 
report on the sanitary condition of the townships 
in the ‘‘ Dewsbury (Yorkshire) 6 ye district,” 
will supply much information. consequence of 
the prevalence of infectious diseases in this district, 
the Local Government Board sent down Dr. Thorne 
to thoroughly investigate the matter, and his report 
has been recently issued. 
x, inspector aan gives a general ene of 
the district in regard to its topography, geology, 
porsiesin, &e, We may remind our readers that 
ewsbury and adjacent places are the centre of a 
district in which the manufacture of coarse woollen 
goods is carried on, where, in fact, old carpets and 
other wool waste are converted into cloth for ex- 
ternal clothing. It appears that the estimated 
population of the district, at the present time, is 
150,000, against about 93,000 in 1861. What were 
villages have become towns, and to those of our 
readers who are unacquainted with these, we may 
observe, that as great a change has taken place in 
Precise arg there, as may be witnessed by a rege | 
from North Woolwich to London, com wit 
what that route presented some thirty years ago, 
What were once picturesque scenes | Bas become 
amoke-covered centres of textile industry, so far as 


Dewsbury and its district are con 


Dr. Thorne justly attacks the back-to-back system 
of house-building so common in the West Riding of 
Yorkshire. He remarks that, as a rule, these houses 
are constructed in long rows, half the houses front- 
ing the street and the other half fronting into a 
yard behind, which is reached at either end of 
the row, and often also by means of one or more 
tunnelled es at various in the row. 
Many of these houses are ill constructed, but the in- 
spector remarks that, though some that have been 
recently built have been so under an improved 
system, the back-to-back plan only increases the 
evils of defective ventilation. In Leeds, going 
from Briggate, by East-street, towards Knostrop, 
we have seen scores of these houses, and the stench 
from the open doors, combined with that of the ad- 
jacent middens, is overpowering. We entirely agree 
with Dr. Thorne when he states that “ not only 
have those sanitary defects which in the older 
boroughs were most glaring and most injurious to 
health been copied in almost every detail, but 
the defective conditions, once having been allowed 
to arise, they have been all but continuously per- 
petuated up to the present date.” Dr. Thorne, 
should he happen to visit Leeds, will find ample con- 
firmation of this if he investigate Woodhouse, Cawly 
Bulsingthorpe, and the neighbourhood. 

In his report Dr. Thorne includes the separate 
sanitary districts (all urban, and arranged under the 
Dewsbury Registration district) of Dewsbury, Batley, 
Liversedge, Heckmondwike, Birstall, Gomersal, 
Birkenshaw, &c. But for our present purposes we 
shall simply deal with the Dewsbury urban district, 
which we visited a short time ago. The results of 
that visit fully corroborate his remarks. 

Dr. Thorne, in giving a general description of 
Dewsbury, remarks that ‘‘a large proportion of 
the streets and houses are in a most neglected con- 
dition ; the roadways have never been properly con- 
structed or channelled, and some were found all but 
impassable to foot passengers. This condition,” he 
says, “ may in certain parts be attributed to the large 
amount of building going on and partly to the fact 
that works of sewerage are in contemplation, but 
coasidering the date when many of these streets were 
first laid out, and the comparatively recent de- 
termination to carry out a new system of sewer- 
age, it was evident there had been long-standing 
neglect. In some pees of the town the streets are 
made needlessly offensive by the method in which 
the construction of midden privies has been allowed, 
either close to or within a few feet of the footpath. 
In some of the new parts of the town the houses 
have been somewhat elegantly laid out, with 
gardens fronting them, but {most of the houses, 
and especially those intended for the numerous 
artisan classes, abut on the pavement, and in many 
instances the only open spaces, which here and there 
break the line of houses, are occupied by grou 
of midden-privies. Many of the streets consist solely 
of back-to-back houses, and in such cases the midden- 

rivies are often placed between the houses and the 
oot-pavement.” 

He states, further, that a considerable number of 
the other houses are grouped around yards which 
are generally unpaved, and often very filthy. In 
these yards may be seen, lying about, a quantity of 
offensive liquid refuse, the midden privies are of a 
most offensive kind, urine tubs accumulate (the 
urine being used for wool-scouring), and undrained 
Piggeries are scattered about. . Thorne sums 
up the description by stating that such conditions, 
which to a large extent characterise the streets, 

ards, and dwellings in certain portions of Dews- 
, , must have had a large share in favouring the 
continuance, if not ef producing, the habits of dirt 
and negligence which are so marked amongst some 
of the classes inhabiting the districts already re- 
ferred to. 

For the present we simply place the above 
picture of sanitary abomination before our readers, 
Acquainted with the whole of the manufacturing 
districts between Manchester and Leeds, since the 
first opening of the railway between those two 
cities, and the subsequent opening of the line to 
Sheffield from Manchester, we fully endorse Dr. 


petuation” of habits and systems alike injurious to 


morals and health. We shall take an early oppor- 
tunity to draw attention to some other portions of 
Dr. Thorne’s report, but meanwhile hesitate not to 


say, that for brutal coarseness of manners, reckless- 
ness of the value of human life, an utter disre 
to habits of cleanliness and decency, some portions 





of the West Riding of Yorkshire and the neigh- 


Thorne’s ideas of the “continuance” and ‘ per-|j 





bouring districts of Lancashire have not a parallel 
in any civilised country, It may be said truly of 
some of the inhabitants of these of our 
manufacturing districts that ‘‘like brutes they live, 
as brutes they die.” These snighiieoekant in 
fact, are a disgrace to civilisation. 








ROYAL INSTITUTION LECTURES. 

THE lecturing season for 1879 has already begun, 
For the last week, Professor Dewar has been enter- 
taining a very numerous audience with the philo- 
sophy of the soap-bubble, These Christmas lectures, 
though intended to present a complete exposition of 
the subject in hand, are nevertheless specially 
adapted to the capacity of a juvenile auditory. The 
idea of establishing such courses originated with 
Faraday, who, it is well known, had a peculiar fond- 
ness for addressing youth ; and rarely, we are told, 
was he more fascinating than when unfolding the 
teachings of science to the youthful mind, “ His 
simple words and beautiful experiments, his quick- 
ness and his clearness kept the attention and fixed 
his instruction in the mind of the youngest of his 
hearers, whilst the most practised teacher would 
find old experiments shown in a new form which 
the genius of Faraday only could have invented, 
and which his handicraft enabled him to 


out.” So says Dr. Bence Jones in his “ Life of 
Faraday.” 
The duties of Christmas lecturers have also been 


successively discharged by Professors Tyndall and 
Gladstone. Like their illustrious predecessor, they, 
too, have the happy power of making one with their 
hearers, and in this lies the great secret of their 
success. 

Professor Dewar keeps up in 1879 the good old 
traditions. ‘The subject he has chosen is sufficiently 
elastic and many-sided to allow him to explain 
varied phenomena, including vortex rings and spec- 
trum analysis, and to introduce a comprehensive 
series of experiments that will at once captivate and 
develop the mind of his young hearers. Riper 
students of science will not, however, fail to gather 
round the lecture table as heretofore, and the soap- 
bubble is protean enough to insure them a = 
intellectual treat. We know how fond the philo- 
sophic Boyle was of blowing soap-bubbles; how 
Newton patiently set himself to measuring their 
thickness, and how he eventually gave out an 
erroneous explanation of their glowing colours ; 
and finally we know how the discriminating Hooke, 
admiring their iridescence, was led to anticipate the 
undulatory theory of light. Apart from its mathe- 
matical associations, there is ample material in the 
bubble for a series of instructive lectures; and we 
feel sure that with the instrumental appliances at 
his disposal, Professor Dewar will render them 

ighly interesting to his audience. 

rom the printed syllabus we also learn that, to- 
wards the middle of February, Professor Tyndall 
will commence a course of eight lectures on sound. 
These will include, besides the ordinary acoustical 
subjects, illustrated descriptions of the more recent 
applications of sound and its various methods of 
reproduction. Professor Tyndall’s qualities as an 
expounder of science require no more emphasis than 
his merits as an original investigator. Both are 
well known and appreciated. An unusual amount of 
interest attaches to this course, owing to the great 
development lately made in the experimental treat- 
ment of this branch of physics, and doubtless such 
instruments as the phonograph and telephone, the 
harmonograph, phoneidoscope, and microphone, as 
well as the claims of their ive inventors to 
priority and remembrance, will afford a lengthy 
theme to the eloquent lecturer. We also learn 
from the syllabus that four lectures on electrical in- 
duction will be given by J. H Gordon, Esq. : 

Among the Friday evening lectures, the most im- 

ortant is, perhaps, that on the ‘‘ Electric Light.” 

e are glad to see that this much-discussed subject 
has been taken up by Professor Tyndall himself. 
As it is the ‘‘ burning question” of the hour, it is 
not anticipating too much to expect that the several 
points so warmly controverted of late in scientific 
ournals will receive adequate treatment from one 
who has had such no By peared with the electric 
light as Professor Tyn 

Professor Abel promises a Friday evening lecture 
on “ Recent Contributions to the Histo ry of Deto- 
nating Agents,” while Sir William Thomson pro- 

to Fell upon the weird offices of that singu- 
science the 


ly fanciful creation of contem 


“Sorting Demon of Maxwell ;” 
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intends to offer some considerations upon a ‘“‘ New 
Chemical Industry,” while Professor G. Johnstone 
Stoney will recount anew the “Story of the No- 
vember Meteors.” Professor Huxley and Dr. Warren 
De la Rue are also down for a lecture each. Their 
subjects are not indicated ; but whatever they may 
be, we are sure the theatre of the Institution wi 
be thronged by an appreciative audience. 

We had recently occasion to mention that Mr. 
William Spottiswoode had resigned his office as 
secretary to the Royal Institution in consequence of 
his election to the presidential chair of the Royal 
Society, and we have now to add that Dr. Warren 
De la Rue is spoken of as his probable successor. 
This distinguished physicist has y given too 
many substantial proofs of the interest he takes in 
the progress of science for us not to anticipate a 
continuance of the era of prosperity that has marked 
the long administration of the late secretary of the 
Royal Institution. 








SCOTCH PARLIAMENTARY BILLS. 

In respect of the Private Bills that are being pro- 
moted for consideration in the ensuing session of 
Parliament, Scotland stands in a somewhat similar 
— to England, the measures that are to come 

fore the Private Bills Committees being com- 
paratively few, while, as a rule, they contain nothing 
indicative of gigantic commercial enterprise, or 
likely to call forth great novelties in engineering 
science and practice. We shall briefly sketch the 
leading features of a few of those undertakings in 
the following order: Railways, tramways, harbour 
works, and water works, 

A Bill is to be promoted for extending the powers 
of the Forth Bridge Railway Act (1873), with re- 
spect to the compulsory purchase of lands, to the 
lst August, 1882; and the time for completing the 
= authorised under that Act the 5th August, 

884. 

Within a short distance of the Forth Bridge it is 
proposed to make and maintain a railway, three 
miles in length, from the South Alloa branch of the 
Scottish Central section of the Caledonian Railway 
crossing the River Forth by a bridge, and terminat- 
ing in the town of Alloa. The capital of the com- 

y, which it is proposed to incorporate, is set 
own at 60,000/., with the usual borrowing powers; 
and authority is taken for the creation of deben- 
ture stock, The period for compulsory purchase of 
lands is limited to three years, and there is power to 
agree with the Caledonian and North British Rail- 
way Companies as to joint use of the railway and 
stations. 

Under a General Powers Bill the North British 
Railway Company propose to carry out a number of 
more or less important schemes. Not the least im- 

rtant is one for constructing a branch from their 

tlasgow, Dumbarton, and Helensburgh line near 
the last-named town, as also a pier and wharf at 
that well-known and favourite watering-place, 80 as 
to allow the company an opportunity of commanding 
a large share of ed xy traffic on the Firth of 
Clyde. Power is taken to apply to the purposes of 
the Act any money which the company are authorised 
by any aa Act, or to raise by the creation of 
ordinary or new preference shares any additional 
capital not exceeding 333,000/., and to exercise the 
usual borrowing powers in respect of the same. 
Another Bill is promoted by the North British 
Company, which proposes to give them a joint 
interest with the Caledonian Railway Company in 
the Dundee and Arbroath Railway, and part of the 
Arbroath and Forfar Railway. 

A Bill is being promoted for amalgamating the 
undertaking of the Glasgow, Coatbridge, Bothwell, 
and Hamilton Company with the North British 
Railway, the North British Company undertaking 
in all time coming to maintain and work the same 
efficiently. The liabilities of the Bothwell and 
Hamilton Company are to be assumei by the North 
British, and the shares of the former are to become 
lien shares of the same amount of the North British 
Company, and to bear preferential dividends ranging 
from 5 per cent. in 1879 up to 8 per cent, in the year 
1886 and thereafter. 

Parliamentary sanction is to be asked for an 
—— between the promoters of the G W, 

oker, and Clydebank Railway and the 
oe ing that the rail- 

e 


British Company, proposed 
ing fro Stobcross branch of the North 


way running from 


British system to Yoker and Clydebank shall be 
constructed, in the first instance, for a single line 
of rails, with land and over bridges for a double 
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line, at the expense of the first parties, and that the 
second ies shall in perpetuity work and manage 


the c upon and maintain the said railway, and 
provide locomotive power, rolling stock, and plant 
of every kind. There is also a provision that any 
time within five years from the opening of the rail- 
way, the North British Company may, upon obtain- 
ing the necessary powers, aequire the whole under- 
taking of the G w, Yoker, and Clydebank 
Railway Company on payment of such a sum as shall 
be necessary to pay to the shareholders 5} per cent. 

er annum on the amounts paid up on their shares. 
. the event of any capital being required beyond 
the sum of 85,000/., power shall be sought from 
Parliament to raise it. 

The Girvan and Portpatrick Railway Company 
ask power to borrow on mortgage—(1) The aggre- 
gate amount of the principal sums to be paid by 
the company to the Portpatrick Company, in con- 
sideration of the former Teonning joint owners of 
the Stranraer section of the latter company’s rail- 
way, and of the stone pier at Stranraer; and (2) 
any sums not exceeding 70,000/. They at the same 
time seek authority to raise the said sums, or any 
part thereof, by the creation of debenture stock, 
the interest of all such debenture stock to rank 

ari passu with the intesest on all morgages granted 

y the company under the Act, and to have priority 
over all principal moneys secured by such mortgages. 
The said sum of 70,000/. is to be applied in the pur- 
chase of such rolling stock and plant as may be 
— to enable the company to work their rail- 
way and to the general purposes of the under- 

A Bil is promoted by the Glasgow Corporation 
taking powers to make Feral tramways, chiefly by 
way of ing extensions of the sixteen or eighteen 

iles already existing into other of the city 
and suburbs, which are very populous. Several of 
the proposed new lines are of considerable length, 
one of them being from three to four miles long, 
and in its course from the north to the south side of 
the River Clyde passing down the Saltmarket, a 
street to which an imperishable classic interest was 
imparted by the magic pen of Sir Walter Scott. 
There are p numerous short branches and con- 
nexions provided. When all these yom lines 
are constructed Glasgow will probably be the most 
“ betramwayed” city in the world. 

By another Bill it is proposed that a company be 
incorporated to construct a series of tramways, 
covering to a certain extent the same ground as 
those embraced in the corporation scheme, the 
capital to be 110,000/. in 11,000 shares of 10/. each, 
and power to borrow any sum not exceeding 27,000/. 
Authority is asked to enter into contracts or ar- 
rangements with the existing tramway company for 
the management, working, and maintenance of the 
tramways, the supply of rolling stock, &c. 

The Aberdeen District Tramways Company have 
lodged a Bill providing that the carriages used on 
their lines, authorised by the Acts of 1872 and 1878, 
may be moved either by steam power or by other 
mechanical or motive power, as well as by animal 
power, provided always that the exercise of the 
powers so conferred with respect to the use of steam 
or any mechanical power s be subject to the 
regulations, restrictions, and conditions which, by 
any order or bye-law, the Board of Trade may make 
from time to time, as and when they think fit, for 
securing to the public all reasonable protection 
against danger in the exercise of the powers pro- 
— to be conferred. Such an application is in- 

icative of progress, but the hard-headed people of 
the ‘‘ Granite City” have been so long familiar with 
steam traction engines running through their streets, 
that there should be no fear of the Bill being mis- 
carried or rejected through any local opposition. 

Turning now to the harbour Bills, we may first in 
order take that which is promoted by the Harbour 
Commissioners of the last-named city, who are ask- 
ing for powers to borrow any sum not exceeding 
150,000/., to be applied in the construction of a 
graving dock ; ing the entrance channel, the 
tidal harbour, the docks, and the old bed of the 
River Dee; altering and deepening the entrance 
to the dock, and providing new gates; forming 
& new quay wall at the south side of the upper dock ; 
embanking part of the old bed or channel of the River 
ee ; improving the quays in the dock and the depth 
of berths alongside the quays; constructing sheds 
on the quays constructing steamboat wharf and 
relatives. e heaviest item is one of 45,000/., 


deen Harbour Trustees shall have power to lease 
warehouses, cranes, &c., to act as warehousemen, 
and to use warehouses for bonding p 8. 

In another Bill it is proposed to constitute the 
Harbour Commission upon a system somewhat 
different from that provided by the Aberdeen Har- 
bour Act of 1868 ; but into that matter we need not 
enter, further than to say that of the Commis- 
sioners not being members of the Town Council, 
it is proposed that two shall be nominated by the 
Board of Trade who must be resident within the 
counties of Aberdeen and Kincardine. 

We now go still further north, and note that Wick 
or Pulteney Harbour is to be legislated upon at the 
instigation of the British Fisheries Society. The 
Bill promoted by that body provides that the Har- 
bour of Pulteney, and all plant and other property 
belonging to the Society within the harbour as 
appertaining thereto, shall, subject to the payment 
to the Society of the sum of 14,092/, and subject 
to the existing debts, liabilities, and obligations, be 
transferred to and vested in trustees. A debt of 
40,0007. owing to the Society, part of the harbour 
debt, is to be extinguished. After providing for 
the election of the trustees, the Bill goes on to lay 
down the limits of the harbour, and authorises the 
trustees to maintain and improve the same by 
dredging, constructing new works, and otherwise, 
power being at the same time given for the levying of 
rates, as for the borrowing of money to the 
extent of 25,000/. for the purposes of the Act, pro- 
vision being made for a sinking fund. It is to be 
feared that the Wick people will not quietly accept 
of the proposals male on their behalf; to do so 
would be to take over the harbour in a heavily- 
burdened condition. The total debt is 114,000/., of 
which sum 60,000/. is due to the Treasury, and 
54,000/. to the landed estate of the British Fisheries 
Society, the directors of which, while offering to re- 
mit 40,000/., of the sum due to them, refuse to cancel 
the balance of 14,000/.; and it is not certain that 
the loan from the Government will be remitted. 
Wick Harbour has for many years been a chronic 
subject of complaint, on account alike of the short- 
comings of engineering skill and its management by 
the Fisheries Society. 

On the part of the Ayr Harbour Trustees it is 
proposed to take powers to construct a slip dock 
with all the necessary plant and appliances for 
working it in a proper manner, including a draw- 
bridge or swing-bridge across the entrance to the 
recently completed wet dock. The Bill further em- 
powers the trustees to borrow the sum of 100,000/. 
for the purposes of the Harbour Acts. 

The Corporation of Renfrew are applying for 
powers to borrow the sum of 20,000/. for the pur- 
pose of extending and improving the harbour, pro- 
vision being at the same time made for repealing 
the powers of the Glasgow and South-Western 
Railway Company, to construct new harbour works, 
and enabling the corporation to agree with that 
company for the re-acquisition of certain lands, or 
> take the same under the Lands Clauses Valuation 

cts. 

A Bill promoted by the Glasgow Bridge Trustees 
roposes to obtain authority to widen Glasgow 
ridge—the one which spans the Clyde at the upper 

end of the harbour proper—by the construction of 
an addition along the whole west side thereof, and 
to make corresponding alterations in the levels of 
the existing approaches to the bridge. Power is 
taken to borrow to the amount of 25,000/. for the 
purposes of the Act, When the Caledonian Rail- 
way Company obtained powers two or three years 
ago to construct the viaduct (now almost finished) 
across the Clyde quite adjacent to the Glasgow 
Bridge, a sum of 24,6177. 12s. 9d. was paid by the 
company by way of compensation, and which is now 
- Y hae in defraying the expense of widening 

e bridge. 

The Glasgow Corporation Water Commissioners 
ask for powers for a variety of purposes, but chiefly in 
connexion with the compensation water supply from 
the Clyde to certain manufacturers in the eastern 
and south-eastern parts of the city. The engineer- 
ing operations connected with the crossing of the 
river by the main pipe having failed it has become 
necessary to delay the removal of the weir (pro- 
vided for in the Water Works Amendment Act of 
ry and power is therefore asked in the Bill for 

t p le 

In only one other instance—that of Inverness—is 
there any Scotch Bill being promoted in connexion 








which is the estimated cost of the P are vy dock 
per se. It is also proposed in the Bill that the Aber- 


with water supply, and even it may possibly be per- 
mitted to lapse, inasmuch as it is found that all the 
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purposes aimed at by it can be provided for by means 
of a Provisional Order. The Inverness measure is 
an amendment Bill, and is promoted both for water 
and gas purposes, but with that exception there is 
no other Scotch Bill dealing with gas supply, that 
being provided for by Sir Windham Anstruther’s 
Borough Gas Supply (Scotland) Act, 1876. 





A CONTRIBUTION TO THE HISTORY 
OF THE SCREW-PROPELLER. 
By D. Hagsnis, Prague. 

In the history of practical mechanics, one of the 
most interesting chapters is that referring to the de- 
velopment of the screw-propeller, especially the 
period which preceded its actual introduction into 
practice. Yet this very period was some time ago 
a kind of ‘“‘ sacred ground” occupied by a host of 
claimants to priority, who made any impartial his- 
torical treatment a difficult, or even a hopeless 
task. At present, however, the vexed question of 
‘‘ priority” may be considered as fairly settled, it 
being pretty generally acknowledged, that to Smith 
and Ericsson the unquestionable honour belongs, to 
have introduced the screw-propeller into practical 
service, a fact which places both those men among 
the real benefactors of mankind. On the other 
hand, history has shown over and over again that 
never any important invention came into the world 
— and ready like Pallas Athene out of Jupiter’s 

ead, and, the same being the case with the screw 
propeller, a due share of honour is now given to 
those men who made more or less successful 
attempts to use the Archimedian screw for propelling 
ships. It is, ¢eg., well known that Watt himself, 
more than a hundred years ago, had proposed to 
Dr. Small a ‘‘ spiral rudder,” and that a great many 
patents have been taken out, especially in England 
and France, for ‘‘ screws” or ‘‘ worms” long before 
the time of Smith and Ericsson.* Setting aside, 
however, these proposals and designs, we find 
that even actual trials were made in those early 
days, and as we like generally to trace those 
‘‘footprints on the sand of time,” these trials and 
the incidents connected therewith become a matter 
of some interest to us. It is from that point of 
view that some short notes on trials of screw pro- 

ellers made with a screw-propelled steamer by 
Senet Ressel as early as the year 1829, are now 
placed before the readers of this journal. These 
trials being little known in England, it is thought 
that a brief account of them will not be considered 
out of place. 

Joseph Ressel was born at Chrudim (Bohemia) 
in 1793. Having received the necessary prepara- 
tory education he entered the university of Vienna 
in 1812, and it was there that he conceived the 
first idea of using the Archimedian screw as a means 
for propelling vessels. The annexed sketch, which 
shows the propeller as proposed then by Ressel, is 
a copy of a fac-simile published in an Italian bio- 
graphyt nineteen years ago. The screw is shown 





school at Maria-Crunn, and became, in 1817, 
a forester in Krain, whence he was transferred 
to Trieste as imperial forest keeper (‘‘intendente 
forestale”) in 1821. Here he had opportunity to 
practically study his favourite subject of marine 
propulsion, and after some experiments he, in 1826, 
succeeded so far as to fit out a small rudder-boat 
with a screw of 18$in. in diameter, which was driven 
by two men, The result of this first trial convinced 
him of the practicability of his wre. and, having 
taken out a patent in 1827, he began to think of 
experiments on a larger scale. The chief difficulty 
arose from want of means, and Kessel was there- 
fore obliged to look after a wealthy companion. 
Once it} seemed as if his endeavours would meet 
with success. Mehemed Ali, the then Pasha of 
Egypt, to whom acertain Budman had related the 
result of Ressel’s first experiment, was willing to 
order two screw steamers of 30 horse power each, 
but as the pasha déclined to supply any means in 
advance, the business was drop After many 
difficulties Ressel found at last a man who resolved 
to fit out a steam vessel with a screw-propeller 
and to make the necessary experiments therewith, 
This man was Ottavio Fontana, a wealthy mer- 
chant of Trieste. 

In autumn, 1828, the keel of the vessel was laid 
at the wharf ‘“ Panfili,” belonging to the shipwright 
Zanon, and simultaneously the screw was ordered 
at the works of Herrmann, in Trieste. There was, 
however, yet another obstacle tobe overcome. The 
only paying line then was that from Trieste to 
Venetia, but as an exclusive privilege to convey 
——_ and goods on this line by steamers had 

en given to an Englishman, Mr. Morgan (the in- 
ventor of the Morgan wheels), the question arose, 
whether this privilege would apply also to screw 
steamers, which did not exist (practically) when the 

rivilege was granted. To settle this question 

essel was sent by Fontana to Vienna, where he 
brought the case before the then Chancellor of 
State, Count Saurau, who promised to support the 
new invention, provided all parts of the vessel should 
be made within Austria. Ressel was obliged to 
submit to these conditions, although he had intended 
to order his engine in England, knowing as he did, 
that the then existing Austrian works would be 
unable to supply a satisfactory engine, and fearing 
that a failure of the engine would be fatal to the 
experiments. In order to secure the support of 
Count Saurau, however, the engine was ordered at 
the works of Baron Baldacci, in Styria. 

In the mean time Ressel had communicated his 
eee to a certain Bauer, who undertook to intro- 

uce the screw — into England and France, 
The respective English patent is, probably, that of 


Cummerow, by whom, in 1829, a screw-propeller 
was patented as an invention ‘‘ communicated to 
him by a foreigner residing abroad,” whereas in 
France a similar patent was given to Malar > 1828), 
in which patent, according to Rihlm 

distinctly named. 


ann, Ressel is 
It seems, however, that both 





in the position, now generally adopted, between the 
stern and rudder-post of the vessel, and is driven by 
gearing. From the notes of Ressel it also appears 
that motion was to be given to the gearing by a 
double cylinder engine, which was comparatively a 
novelty then, having been brought into some pro- 
minence by Woolf in 1804, although it had been 
known since the time of Hornblower. The sketch 
referred to bears the date of May 1, 1812. 

After two years study Ressel was obliged to leave 
the university, as his parents were unable to support 
him further. He afterwards entered the forest 


_ * An aon account of some of them will be found 
in this journal, vol. xi., p. 446. 

+ ‘‘ Biografia di Giuseppe Ressel.” Trieste, 1858, Ap- 
pendice iii. 





patents remained upon the paper without any prac- 
tical results whatever. 

In March, 1829, Ressel visited Paris in order to 
arrange personally with Malar and his companions, 
but, although he undertook some successful trials with 
a small boat on the Grand Canal, he did not succeed 
in forming the necessary business connexions. 

Returning to Trieste he found his vessel ready, 
but the engine yet wanting. After some delay, 
however, the ship was engined, and was ready for 
trial in August, 1829. She was called the Civetta, 
and in the following Table her chief dimensions 
are given together with those of Owen’s Witch* and 
Smith’s Archimedes : 


* Samuel Owen had built and tried his screw steamer as 
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Ressel's Smith's 
Sil Owen's Witch. “Civetts. | Archimedes, 
. 1829, 1838, 
ft, in. ft. in. ft. in. 

Length «+-{80 11 62 28 125 0 

Beam... s/11 2 (inside) 1l 56 21 10 

Draught .. | 5 1 6 25% 9 6 

Diameter of screw...) 4 1 5 2 5 9 

Pitch of iid ie 5 8 0 

Number of leaves ,,, 4 1 2 

Area of screw we| 6} 8q, ft. 20 sq. ft. 

Inclination to steer- 26 sq. ft, 
fngline .. 3 w. 36 deg. about 60 deg.t 454 
Screw area 4 re } 88. 

Beam xdraught i 

Engine power ...|4 horse power|6 horse power|80 horse power 

| Lon Oa hae 4 knots 3 to 6 knots 9§ knots 














* This dimension is givenas “depth” in the existing descriptions 
of the Civetta. As, however, the screw was completely immersed, 
the draught must have been at least 5 ft. 6 in., andas this with a 
depth of 6 ft. 2¢ in. would give a very small freeboard, it is probable 
that by “depth” the “ draught” is to be understood. 

t It is, of course, the mean inclination, 


With the Civetta a speed of something between 
three and six knots was attained ; but, unfortunately, 
in one of the trial trips a badly soldered steam pipe 
broke, causing no injury, except that the vessel had 
to be stopped. To the “a of Trieste, however, 
this mishap seemed to of sufficient importance 
to interdict all further experiments because of their 
alleged danger. By this act of official wisdom all 
further trials were made impossible, and had to be 
abandoned, as neither Fontana nor Ressel could 
undertake to face the arising difficulties. Soon 
afterwards Ressel’s patent was proclaimed invalid 
from want of use. Fontana died, and Ressel, dis- 
gusted by the untimely meddling of the authorities, 
and devoid of all means, made no further attempts 
to introduce the screw pro lier into practice. He 
died on a voyage at Laibach in 1857. Three months 
before him another unfortunate inventor had ceased 
to live, Fréderic Sauvage, who died at Picpus in 
July of the same year. 


As in life, Ressel was also unfortunate after his 
death. His memory was never treated in a just and 
impartial spirit. He was totally ignored by ono 
party, and improperly raised by another. He was 
neither the first to propose, nor the first to try the 
screw-propeller, yet he deserves a due share of 
honour in the history of ship propulsion, for he was 
one of those men who devoted the best part of their 
life to the solution of this important question, and 
it was not his fault that he did not succeed; want of 
means and a certain lack of business spirit, common 
to many inventors, may have contiibuted to his 
failure, but the chief cause of it was Government 
interference, and from that point of view the history 
of the trials of the Civetta is interesting, not only 
from a mechanical, but also from a social stand- 
point, 

In 1863 a monument was erected at Vienna to 
honour the memory of Ressel. As the position which 
should be justly allotted to Ressel in the history of 
the screw-propeller has been defined above, it is 
unnecessary to comment upon those passages of the 
inscription on the monument which refer to the 
“ priority” of Ressel, but should not pass unnoticed 
a characteristic incident connected with this in- 
scription. The original text, a photographical 
copy of which was sent to-the citizens of Ressel’s 
native place, together with an invitation to 
attend the unveiling of the statue, read thus: 
“‘Josefo Ressel, patria Austriaco, natione Bohemo, 
qui omnium prior rotam cochHdam pyrosca- 

his propellendis adplicuit. Anno MDCCCXXvVII. 

onumentum posit. MDCCLXI, Fernkorn sculps., 
Vienne.” When the statue was unveiled, how- 
ever, Ressel’s countrymen were surprised by the 
fact that the line ‘‘natione Bohemo” was omitted, ° 
and a void place had been left instead, Ressel is 
now generally considered asa German. His father 
was born in Northern Bohemia,* where a German 
population prevails, but he afterwards settled in the 
thoroughly Bohemian town of Chrudim, where he 
sonar and where his son was born and educated 
until his fourteenth year. Ressel, the father, spoke 
Bohemian very well, Ressel’s mother did not know 
German, and Ressel himself did not forget his 
native lan , even when he had left Bohemia. 
Why should he, therefore, be called a German ? 


1 the year 1816 at Stockholm. For particulars see 
ww endiamedl nag vol. xiv., 8 34and 69. 8. Owen was 
born in England in 1774, and died at Stockholm in 1854, 
where a monument to his honour was erected three years 


*e 14 is sometimes erroneously stated that he came from 
Saxony. 
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LITERATURE. 


Water Supply. By Professor D. T. ANsTED, 

rn TRS. &e. ates ” Allen and Co., 1878. 
Proressor ANsTED's work is a good-sized volume of 
about 600 pages, but in many respects it must 
necessarily be considered as an outline sketch to 
be filled in and elaborated hereafter by hydraulic 
engineers and other competent authorities. Since 
the main portion of the work is occupied by a de- 
scription of the drainage basins of the great rivers 
and streams of the United Kingdom, it will be seen 
at once that successive editions and increased size 
of volume will be necessary to embody the correc- 
tions and additions which will no doubt be sug- 
gested by the engineers in charge of particular parts 
of the entire system éreated on by Professor Ansted. 
The author has, however, done immense service 
already in setting forth in a systematic manner 
the information attainable by himself, thus furnish. 
ing, as it were, a rough draft of a report to be 
considered by all the hydraulic engineers of the 
country in council. He does not address himself to 
engineers specially, but affords valuable and read- 
an madeer for the consideration of every educated 
person of no matter what profession. 

Underthe head of “ Physical Properties of Water,” 
Professor Ansted deals with water in a pure and in 
a polluted state, and discusses the rival processes of 
analysis the desiderata for potable waters and waters 
for industrial use, and other matters, Another im- 
portant chapter is devoted to the consideration of 
rainfall, evaporation, and percolation, and the work 
concludes with a review of the different conditions 
affecting the formation and maintenance of river 
beds and banks, and the results of river action. The 
bulk of the work, as we have already remarked, is 
a sort of detailed specification of the drainage system 
of the British Isles, and no doubt much time and 
trouble will be saved by referring to the work instead 
of to Ordnance and other surveys, when information 
with respect to any particular river basin is required 
by the engineer, 

To the Giscredit of the engineers and conservancy 
boards in charge of many of our most important 
rivers, data are still wanting as to the summer flow, 
the flood discharge, and other questions affecting 
the régime of the rivers under their charge. It is 
no matter of rise, therefore, that the informa- 
tion set forth by Professor Ansted is frequently in- 
complete, and sometimes conflicting. hus, if we 
refer to what he has to say on page 112 about the 
largest of our English rivers—the Severn—we learn 
that the “ tidal water delivered during the year” 
below Gloucester, is equivalent to 16 in. over the 
drainage area of 3900 square miles ; but, if we con- 
sult page 219, instead of 112, we are told that the 
“total loss of water by all causes—percolation, 
evaporation, and organic lifé—can hardly leave 
more than an annual average of from 5 in. to 6 in. of 
rainfall to run off to the sea.” It is clear, there- 
fore, that the author has no distinct impression in 
his own mind as to what the mean discharge of 
the Severn really is, or he would not give his 
readers the option of choosing between “5in. to 
6 in.” and “ 16in.” We have reason to believe that 
the flow of the basin of 2000 square miles above 
Worcester averages about 19in., and ranges from 
less than 14in. in a dry year to more than 34in. in 
an exceptionally wet year such as 1872. The flow 
off the 2000 square miles below Worcester probably 
averages about 9 in., and from some § in. to 
20in. Over the whole basin, therefore, the annual 
average of rainfall run off to the sea would be about 
14 in., and not “5 in. or 6 in.,” as stated by Professor 
Ansted. 

Again, if we consult the author about another 
tolerably well-known English river—the ‘Thames— 
we find him equally at fault. On page 144 it is 
stated that probably ‘not more than 3} in. of rain- 
fall on an average are conveyed by the river to the 
sea,” whilst on page 148 the estimate1 quantity is 
6.67 in. Mr. J. ‘T. Hamson, en the other hand, in 
his evidence before the Water Supply Commis- 
sioners in 1867, stated that the flow at Kingston 
Bridge ranged from 5.49 in. in 1859 to 15.89 in, in 
1860, and that the average was probably 9.25 in.— 
a quantity far more likely to be correct than either 
the 3? in. or the 6.67 in. of Professor Ansted. 

We cite the above instances in no disparagement 
of the most valuable labours of the author, but 


fessor Ansted about a great English river would 
have been available, as it is in the instance of any 
important Continental stream. So far indeed from 
reflecting upon the industry and ability of the 
author as evidenced by the work before us, we think 
his labours have borne good fruit, and that his 
work {should be welcomed not merely by every 
engineer, but by every thoughtful Englishman. 





THE NORTHERN PLATE MANUFACTURE. 

Srvce the decay of the iron rail trade in the north the 
plate manufacture has become the leading branch of the 
finished iron trade of the north. But there is not only 
in the plate manufacture a comparative, but also a real 
growth, for although there have been fluctuations in the 
extent at present it is so far as quantity is concerned 
about at its maximum, although the large volume of 
the trade is attained only in consequence of a very low 
value. It may be interesting to glance a little in detail 
at the growth of the manufacture in the north, taking 
as the basis of our remarks the official figures of the 
Board of Arbitration, although this must be accom- 
panied with the remark that one or two of the leading 
firms of platemakers in the north have never been con- 
nected with that organisation, and thus the figures are 
an indication of part of the trade only. But the portion 
included is by far the largest portion, and as the chief 
works outside the Board have consistently remained out, 
the statistics are uniform so far as they are presented, 
and for purposes of comparison their value remains 
unchanged. Although iron shipbuilding was early in- 
troduced on the northern rivers, the plate manufacture 
did not in the northern district attain any large dimen- 
sions ; and down to so comparatively recent a date as the 
year 1862, the total quantity of iron used in the con- 
struction of iron vessels was estimated to be as low as 
38,660 tons—the estimate being given on the authority 
of one of the chief shipbuilders of the north. But be- 
tween this period and that of the establishment of the 
Board of Arbitration came the construction of several 
large works, whilst the development of the trade con- 
tinued after that establishment. The Consett Works 
were remodelled and turned largely to the production 
of plates, the West Hartlepool Works were commenced, 
ee those of the Skerne Company, of Fox, Head, and Co., 
and others later in date, were also established. One of 
these works had an output of plates prior to the com- 
mencement of the Board’s working, of over 1000 tons 
weekly, and the works at Jarrow were also largely in- 
creased, so that the total production of the north was 
large in comparison to that of 1862. Taking now the 
authentic figures, after the trade recovered from 
the full effects of the dulness of ten years ago, we 
find that the plates made by the associated firms were 
then about 177,800 tons for the year. The producing 
capacity of the Consett Works was then about 63,000 
tons; that of the Skerne, some 20,000 tons; that of the 
West Hartlepool Works, 10,000 tons; and that of the 
Jarrow Works about 30,000 tons; whilst several estab- 
lishments on the Tyne and the Tees contributed materially. 
The following is the total output of plates for the firms 
associated in the Board of Arbitration for the years 


named : 
Plate Output, 1872-75. 
ns. 
Year 1872 eee 177,857 
», 1873. 165,592 
» ©1874... on ie pe 178,272 
— eee eee “ 173,416 


During these years the high rates for iron, which for 
plates reached their maximum in 1874, caused a check 
to the growth of the output, which we shall see was re- 
moved as prices began to fall. To show how the lower 
prices have affected the output since, we shall give the 
returns for each quarter yet available: 


Plate Output, 1876-77 


1876. tons. 1877. tons. 
First quarter 41,132 First quarter ... 51,830 
Second ,, 45, Second ,, we 55,552 
Third _,, «» 89,347 Third ,, ... 55,968 
Fourth ,, -- 46,236 Fourth ,, 51,439 

Total .. 172,374 Total ... 214,789 


Thus the total for 1877 was in excess of that of any 
previous year; whilst, owing to the declension in the rail 
trade the quantity produced was a much larger propor- 
tion of the total manufacturing iron than it had been. 
In the past year there has been a still further increase, 
for in the first three quarters of 1877, as the above 
figures show, the plates produced were 163,350 tons ; 
but in the first three quarters of 1878 the production 
of plates was to the extent of 171,500 tons. And the 
prospects of a continuance of activity in the ship- 
building yards and marine engineering works give 
ground for the belief that there will be a still further 
growth in the output. Relatively to the total, it may be 
said that in 1874 the output of plates was about 27 per 
cent. ; in 1876, owing to the decay in the rail trade rahe 
than to its own growth, itformed about 40 per cent. ; in 1877, 
it rose to 50 per cent; and at the present time it forms 
over 55 per cent. of the whole of the manufactured iron 





rather in —e of our statement that engi- 
neers in charge of rivers are discreditably lax in 
their duties, or all the information required by Pro- 


sold by the associated makers in the north. 


plate trade. As to its value, it may be said that there 
has been that full revolution which the iron trade has 
known as a wholein prices. In 1869, when the Board 
of Arbitration in the north commenced its work, the 
average realised price of plates was just 7/, 3s. 7d.; and 
there was a gradual increase for five years, the highest 
total being reached in 1874, when the realised price was 
121. 14s, 5d. From thence, with almost unbroken re- 
gularity down to the present time, there has been a de- 
scent in prices. In 1875 the realised rate was brought 
down to 8/. 0s. 10d. ; by the end of 1876 it fell to 7Z 3s. 3d., 
or a few pence per ton less than the initial rate of seven 
years previously ; during 1877 the declension continued, 
and at its close the rate had retreated to 6/.15s.8d. Even 
that low sum did not prove the minimum, and last year 
there was a further fall, the realised average for the last 
quarter for which the figures are published being a frac- 
tion over 6/. 4s. 10d. It is certain that this declension 
in prices is the chief cause of the stimulation of the 
make; but it remains to be noticed that there is an ex- 
pansion of the area of consumption of plates, for a larger 
tonnage is being sent out of the northern district. As 
yet, though the change from iron to steel so largely ac- 
complished in relation to rails, is only dimly before the 
shipbuilding industry, there has recently been a very 
considerable extension of the facilities of production, rail 
mills having been changed into plate mills, and in one 
or two instances attempts are being successfully made 
to produce plates of a higher quality for special pur- 
poses. It is probable that any slight decrease in the im- 
mediate future which the preference over iron or steel 
for shipbuilding purposes may cause, will be met by the 
increased use for boiler plates and other allied uses of 
these stronger plates. Hence, with the conviction that 
the minimum price is now about reached, there should 
be a continuance of the growth in production in the plate 
trade of the north. 


FOREIGN AND COLONIAL NOTES. 
Locomotives wpon the Bombay, Baroda, and Central 
India Railway.—In the course of the half-year ending 
June 30, 1878, the Bombay, Baroda, and Central India 
Railway bag expended 10,382/. for five additional 
locomotives. These engines are of the type in use upon 
the Metropolitan Railway of London. ey are to be 
devoted to suburban c at Bombay. 


Coal in Arizona. —Immense beds of anthracite coal exist 
near the Yaqui river, Sonora, and within 120 miles of 
This coal has been repeatedly analysed and 
proved to be a genuine anthracite, free from sulphur. The 
Sonora anthracite beds are destined to play an important 
part in the development of the base metal mines of south- 
eastern Arizona. 


Coal-Dust Burning Locomotives.—At the Philadelphia 
and Reading Rai shops at ing, Pennsylvania, a 
new six-wheeler coal-dust burning engine has been sent out. 
The building of coal-dust burner passenger engines is being 
carried on with some activity. 


_ The French Coal Trade.—There has been a noticeable 
increase in the quantity of coal passing over the Northern 
of France Railway of late. There has nevertheless been a 
certain amelioration in the tone of the coal trade of the 
North of France. In the basin of the Loire there has, on 
the contrary, been some dulness. 


The Australian Mails——The Parliament of South 
Australia has authorised the Government of that colony to 
enter into a contract for the conveyance of mails between 
South Australia and Great Britain, the service to be four- 
weekly or monthly, to be accomplished in from 34 days to 
36 days, and the cost not to exceed 40,0001. per annum. 
The agents of the Peninsular and Oriental Steam Naviga- 
tion Company have asked that time may be afforded the 
company to make an offer, to which the South Australian 
Government have agreed. 


An American Diamond Drill for Victoria.—The Penn- 
sylvania Diamond Drill ae, & Pottsville, Pennsyl- 
vania, has received an order from the Government of 
Victoria for a diamond drill to be used in prospecting for 
gold in that colony. 














TRACTION ENGINE DESIGN. 
To THe Eprror or ENGINEERING. 

‘Stm,—Seeing that ‘‘ Albert Victor’’ speaks so lustily about 

h pressures, and as the use of high-pressure steam is 
more general on the traction than the portable engine, it 
may not be amiss, by your permission, Mr. Editor, to com- 
pare his sweeping assertions with traction engine design. 
Our correspondent informs us that to make engines 
capable of working up to 100lb. per square inch, it has 
been necessary to strengthen them, at the same time 
effectually staying the whole together, and thus utilise the 
excess of strength stored up in the cylinder (i.e., the tower 
of strength), and he intimates that under the cast-iron 
bracket system, in many cases, 60 lb. pressure is the 
extreme limit that it is possible to work. 
_ Judging by what ‘‘ Albert Victor” says in the sentences 
just quoted, we should naturally expect all traction engines 
intended by their makers to work at high pressures, and 
to sncceesially withstand the heavy and ex 
strains thrown upon them, to be fi with these infallible 
stays. But what are the facts? By far the largest number 
of the best traction engines are made without the stays. 
Our leading makers have totally disregarded the stays 
system of construction ; furthermore, if we allow past and 
i traction engine practice to guide us, it would seem 





Hitherto, we have only spoken of the volume of the 





hat the stays are useless on these engines ; for instance, 
they were ‘ried on the engines of eas firm with what 
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success there one _ Ky ee but I am unable 
to speak positively, neither do ow how many engines 
were made according to this plan, but I do know that in 
the construction of the newly designed traction engine 
they were avoided ; on comparing their catalogue with the 
engines it will be noticed that these stays are shown on the 
engraving in the former, but not used on the latter ; there- 
fore, ‘‘ Albert Victor’’ would have been nearer the truth if 
he had said that it was impossible to work at 100 lb. pres- 
sure under the cast-iron bracket and rigid stay system of 
construction. 

We are liable to be in error, however, if we assume that 
because stays are used on some traction engines they are 
consequently subjected to high-pressure work, as it s0 
happens that the traction engines of one firm on which 
stays are now used are only pressed to 801b.; we should 
imagine they are intended for a few timid customers who 
are afraid of high pressures, and purchase engines like 
some parties buy horses, only that are warranted e. for 
there is a marvellous difference in the spirit of the 801b. 
traction engine and the 150 Ib. ditto. 

‘* Albert Victor’’ says that 60 lb. pressure is the extreme 
limit that it has been found possible to work under the 
cast-iron bracket system, which implies that your corre- 
spondent has had very little experience with traction 
engines, for it is a well-known fact that there are hundreds 
of traction engines in England working at 100 lb. to 150 1b. 

ressure with cast-iron brackets ; for instance, to 7 
nowledge there are many chain traction engines wit 
cast-iron brackets, one firm alone having turned out about 
two hundred chain engines with cast-iron saddle brackets 
(and have never had any serious mishap with the road gear 
of one of them); more than this, there are numerous 
geared traction engines with cast-iron brackets, and there 
are many large ploughing engines doing well with cast-iron 
brackets, hardly ever working at less than twice the pres- 
sure stated as the maximum by “‘ Albert Victor.’’ The 
stiffest duties that portable aoe have to perform is like 
child’s play compared with the duties these last-named 
engines ton to perform, when working on heavy clay land 
in dry weather, or travelling over bad roads and headlands 

in wet weather. 

It will be seen that this notion respecting the i - perpen 
of using cast-iron brackets for high pressures will not bear 
the least scrutiny, is opposed to all reason, and not at all 
borne out by either portable or traction engine practice. 
But it must be distinctly understood that I do not approve 
of cast-iron brackets for these engines, any more than : 
approve of stays for portable or traction engines; but I 
strive not to shut my eyes to facts (like your correspondent) 
simply because they are opposed to my views. 

It the stay system of construction has so much to re- 
commend it, and is the one thing needful for the successful 
use of high-pressure steam, how does ‘‘ Albert Victor” 
account for its non-adoption on the best traction en- 

ines ? 

ot was previously mentioned that the designers of por- 
table engines had been ignorant of the ‘‘ tower of strength’’ 
theory, but it is more apparent that this theory has not 
entered into the calculations made by one traction engine 
designer, without he has an amusing way of utilising the 
cylinder’s so-called ‘excess of strength,” for he has 
actually made the ‘“‘tower’’ slide at the end of stays. 
How does ‘‘ Albert Victor’’ make this method of using the 
stays harmonise with his arguments? 


I am yours truly, 
September 27, 1878. W. M. F. R. 
WEIGHTS AND MEASURES ACT, 1878. 


To THE EDITOR OF ENGINEERING. 

Srr,—This Act, which came into operation on the 
1st inst., has given rise to much excitement and agita- 
tion in the country; and, in the case of the corn trade, 
has produced something very much like a scare. us 
far the Act has proved beneficial, merely by drawing 
public attention to the unsatisfactory state of our weights 
and measures. Beyond this, it will prove a dead letter ; 





for indging from the statements made the other day by = 


Lord Sandon, the President of the Board of Trade, to a 
deputation representing\Chambers of Agriculture, Farmers’ 
Clubs, &c., the Act is not intended to have any practical 
effect in altering the existing law. 

Soon after the passing of the Act, the cornfactors took 
fright, thinking that their present mode of conducting busi- 
ness would be affected. They at once proceeded to hold 
meetings to consider the question, and have almost unani- 
mously determined that a local weight, used by a small 
section of their trade, is the best standard weight for the 
future commerce of Great Britain. This weight is the 
‘“‘cental’’ ef 100 imperial pounds. Unfortunately this 
notion has infected people beyond the corn trade. A de- 
putation from Hull recommended to the notice of the Pre- 
sident of the Board of Trade a system consisting of a new 
ton of 2000 lb., a new hundredweight or ‘“ cental’’ of 
100 Ib., and stone of 10 lb. The confusion and litigation 
which such a system would cause for years to come, giving 
as it does materially different values to existing terms, 
may be better imagined than described. But the chief poin 
upon which I wish to lay stress is that the members of 
an internal and import trade are not the best judges of 
what is the most desirable system of weights and measures 
for the future of the home and —— trade, on the latter 
of which the prosperity of 80 largely depends, nor 
should one trade be permi to dictate as to what is the 
most desirable system because it suits the convenience of 
a section of that trade. Yet as the corn dealers are almost 
the only people who have taken the matter up, m 
people may be led to believe that the “‘ cental’”’ meets wi 
the ‘‘ approval of the country.’’ It therefore behoves those 
who are engaged in businesses where accurate and con- 
venient weights and measures are of far greater im- 
portance than they are in the corn trade, to direct attention 
to this question, with the view of getting a scientific and 





uniform system introduced, when any ¢ is made. 
pn ae | a better time than the present will not occur 
in ; for just now the country is taking an interest in it, 


which, however, will subside as soon as it is seen that the 
recent Act does not make the slightest difference in the 
conduct of business. In the cental system, proposed by 
the deputation from Hull, the old denominations are re- 
tained ; the values of the ton and hundredweight bei 
altered 103 per cent., while that of the stone is al! 

284 per cent. On the other hand, the metric system is 
purely decimal, the metric ton and quintal differ less than 
1} per cent. from the English ton and two hundredweight 
respectively, and might be teken as the same in rough 
calculations. But the strongest argument in the favour of 
this system is the fact that it is in use in the following 
countries: France, Germany, Belgium, Holland, Spain, 
Italy, Port , Greece, Norway, Sweden, and I believe in 
Denmark. In all these countries English manufacturers 
are placed at a great disadvan when competing with 
Continental firms, owing to our adhering to our antiquated 
and clumsy want of system in our weights and measures. 
It is easy to understand that (all other things being equal) 
a Swede would prefer to purchase machinery made to his 
own standards of measure rather than that which is made 
to a measure with which he is not conversant. The real 
inconvenience of a difference of measure will hardly be 
appreciated by engineers who have had no experience of 
jobbing work. An example may not, therefore, be out of 
place. For instance, a foreign machinery agent and 
jobbing engineer buys an engine for a country customer. 
He starts it, and hears nothing) further until a worn out 
brass is sent to him to be replaced immediately. If the 
engine is English made it is impossible for him to tell to 
2 or 3 millimetres and more what the origi dimensions 
have been, but if it is of a Continental make he can safely 
take the nearest even dimensions, and thus save the expense 
of sending a man to take dimensions. Would any average 
Englishman under such circumstances purchase machinery 
made to a foreign measure, unless there was somethin 
very tempting in the price? Foreign competition is ad- 
vancing with rapid strides, so fast indeed that the youngest 
members of the profession observe it in their short ex- 
perience. Is it wise to aid progress by clinging to and 
attempting ‘to force down the throats of our customers 
measures which are behind the age, and which have been 
condemned by a Royal Commission and lesser authorities 
without end? Ought we not rather to attempt to remove 
every obstacle to our export trade, not the least of which 
is the difference in weights and measures ? It may be urged 
that the use of the metric system would complicate our 
dealings with the colonies; but they would probably 
co-operate with the mother country in this important 


matter. 

I believe that the difficulties of the change are very 
much over estimated, and even if it should have the effect 
of keeping in employment a full staff of clerks a short time 
longer than the present bad times would otherwise dictate, 
no one would suffer, as the employer would be better able 
tocope with the press of work which is likely to take 
place when trade revives. The introduction of itworth 
screw threads was hardly a less undertaking than that of 
introducing the metric system, as it was necessary to con- 
demn valuable screwing machinery. 

I think that the desired end would be easily attained if 
the Government adopted the system in all their dealin 
= the public, — gat assis a tdre . 

ilway companies if they werejto charge reight, &c., by 
the metric weights. I trust that this letter may induce 
further correspondence on a subject which appears to be of 
such vital importance to manufacturing engineers. 

In conclusion, the action of the @ w Chamber of 
Commerce deserves notice, as they have resolved to ‘‘ concur 
with the Birmingham Chamber of Commerce in asking 
Parliament to supplement the first section of the Weights 
and Measures Act, 1878, by a clause instituting a legal 
standard to be ees as @ wire gauge.” t body 
does not my to have been aware that the metric wire 

is a legal standard in England,* and that what they 
would ask from Parliament is already theirs, and that it 
robably only requires the encouragement of the Birming- 
= Chamber to me universal in this country. It is 
hardly to be supposed that so important a body as the 
Glasgow Chamber would wish that any of the numerous 
Birmingham wire gauges (the most unsatisfactory of all 
measures in use) should be legalised. 
Yours truly, 
Ancholme Foundry, Brigg. HARLFs L. Hert. 


CHIMNEY DRAUGHT. 
To THe EpIToR oF ENGINEERING. 

Srr,—I have put off till the end of the year replying to 
Mr. Noletz’s letter in ENGINEERING 0 October 18th, 
expecting a my of from Mr. Wheeler to my letter of 
oes “ard 4th, as I proposed making one reply of mine serve 
or both. 

I ought perhaps to be grateful to Mr. Noletz for his 
endeavour to set me right by reproducing a number of 
formuls, with which I was already quite familiar ; however 
as I have already said, it is not formule that are wan 
but a clearer perception of the conditions upon which 
the proper application of the formule mds. Mr. 
Wheeler treated the question as if a light column of 
gee inside a chimney were subject to the same action asa 

loon ascending with an accelerated velocity. This theory 
I dis of in my former letter. Mr. Noletz, following 
Morin, Rankine, and also Pecletin the Ist and 2nd editions 
of his treatise, applies Bernouilli’s well-Enown rule, at 
the same time overlooking the fact that it is the proper 
application of this very rule that I am aiming at. 

banadiag the question as one of hydrodynamics, it 
pears to me that the head can be taken in hot gas only 
when the unbalanced pressure acts directly upon the hot 


* See Act, Section 21. 








ce would be given by the | dil 





and not through another medium of greater density. 

apo to enable unbalanced pressure to act direct! ae 
the hot gas, the bottom of the chimney, or rather the fire 
grate, would have to be immersed in a reservoir or layer of 
air or gas of a density equal to that in the chimney. This 
condition is of course not found in practice. hen the 
equilbrium of pressure is disturbed by the rarefaction of 
the air inside a chimney, gravity causes a flow of cold air 
to the fire bars, which flow pueden the upward motion of 
the hot gas in the chimney. I hold it is to this cold air 
that Bernouilli’s formula must be applied and not to the 
hot gas. The velocity of the flow of hot gas must be 
referred to that of the cold air, and not vice versd, as the 
authorities have it. 

To look at the matter in another way, suppose we have 
a reservoir filled with a fluid and communicating by 
an orifice at its base with a smaller reservoir containing 
another fluid of a half the density of the first. How 
would Mr. Noletz calculate the speed with which the fluid 
in the smaller reservoir would be replaced by that in the 
larger? No doubt by first calculating the speed with which 
the denser fluid would tend to pass through the orifice of 
communication. Again, sup we have a ventilatin 
shaft bratticed down the middle to form a downcast an 
upcast system, in which the air in the former is double the 
density of that in the latter. Now, is the velocity of the 
air in the upcast to be computed from that in the 
downcast to which the motion of the system is due, or is 
the velocity of the air in the upcast shaft to be first com- 
puted in order to arrive at the velocity of the cold air which 
produces the motion? There is still another way of looking 
at the matter. Suppose instead of a column of heated gas, 
capable of sustaining a pressure equal to that of the atmo- 
sphere by virtue of its — temperature, the chimney 
were closed above and below and were filled with gas of 
half the density of the atmosphere and of the same temper- 
ature. On removing the obstructions the denser air would 
flow in below with a retarded velocity. How would Mr. 
Noletz compute the initial velocity of this entering cold 
air? By the height of a column of the li ir witbi 
the chimney that would balance the cold air outside, or b 
taking the height of the unbalanced column outside? 
opine he would choose the latter. Then, wherein lies the 
difference between the supposititious case and that of a 
chimney with similar conditions of pressure. Although in 
one case there would be a partial vacuum and in the other 
a column of hot air, the unbalanced pressure would be the 
same in both cases at the chimney or firebars, and 
the jet to which motion is first imparted would be of cold 
air in both cases. Mr. Noletz seems to consider the 
matter as one that cannot puzzle anybody. Perhaps the 
following facts will show that it has already proved puz- 
zling to some who certainly cannot be considered as being 
altogether incompetent to decide the question. Peclet ac- 
cepted the formula h=H (=) in the first and second 
edition of his treatise. In consequence of the results of 
some experiments he discarded this and adopted in his third 


edition the other formula h=H Cx) which I have 
used. Since Peclet’s death a fourth edition of his treatise 
has appeared. The edition gives both these formule and 
says, ‘‘ Between these two formule it is itted to 
hesitate, and yet we must choose.” He out of the 
ilemma by saying the mechanical theory of heat will 
enable us to solve the difficulty and then solves it in favour 
of the old formula. 

Can Mr. Noletz inform us what Rankine means when he 
says the gS geen os the head at p. 288 of his ‘‘ Prime 
Movers.”’ t produces the eng if the draught 

roduces the head? Had Rankine said the head was pro- 
uced by the rarefaction of the air inside the chimney it 
would have been intelligible, Rankine’s definition of 
draught is not satisfactory. 
Yours truly, 


December 31, 1878. Rosest Wr1so0n. 


THE INSTITUTION OF CIVIL ENGINEERS, 
To Tut EpiTor or ENGINEERING. 
Srm,—As an engineer who has been an Associate of the 








Institution of Civil Engineers for some years, I have read 
with considerable interest the letters which ve 
from time to time in your on the subject of the late 


action of the Council. There has been considerable com- 
motion and a good deal of talk, but what has been done ? 
Little or nothing ; we in common with all Associates at present 
on the books of the Institution have had the rights which 
were always ours ised, and we engi are to have 
a new name, which I don’t think we care much about ; but 
are we any more certain than in the old days of becoming 
Members when we might reasonably expect to be trans- 
ferredi? That is the question, that is our aim, and that 
is what we want to be assured of. It is, I think obvious, that 
we as a body should object to the qualification for member- 
ship being lowered, for we all to be Members, but we do 
want to know what the ificati is, and that it 
should be the same for all. I have stated what we have 
gained, but what have we lost ?—all the seats in the Council 
which were filled from the Associate class 
us, 80 that now we have no re L 
think we have any reason for being proud of our gains. If 
the associates want to be heard must agree amongst 
themselves and not be content to have their wants stated 
by those of another class. We are all anxious for the 
wellbeing of the Institution if for no other reason, because 
it is to = own advantage poe pr gr de hh and os 
strong, but we as a n corpora’ 
ought to have some fa pee in matters which 80 inti- 
ney aan oe ee and at present we have, 
in none 


Lam, Sir, your obedient servant, 
ANOTHER ENGINEER ASSOCIATE. 
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TRAVELLING ELECTRIC LIGHT FOR RAILWAYS. 
CONSTRUCTED BY MESSRS. RANSOMES, SIMS, AND HEAD, ENGINEERS, IPSWICH. 
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WE illustrate above a somewhat novel adaptation of a 
light six-horse power self-moving engine (as usually em- 
ployed for agricultural operations) for driving an electric 
light for railway purposes. A desire has been felt by 
railway officials and contractors for an improvement in 
the present imperfect arrangements used for lighting up 
works on the permanent way at night, for the examina- 
tion and repair of tunnels, and for other similar purposes, 
and this has led Messrs. Ransomes, Sims, and Head to 
design a light engine mounted on four flanged wheels 
capable of moving itself forward or backward at the rate 
of from 1 to 24 miles per hour, with a dynamo-electric 
machine fitted to the front part of the boiler and driven 
by a strap from the flywheel. The light, which may 
be of any system, can be fixed in front of the smoke- 
box at any convenient height. When the engine is 
moving along the line, the electric machine rotates at its 
proper s , and when it is necessary to stop in order 
that the light may be directed on to scwme particular spot, 
the driving wheels are thrown out of year by means of 
the disengaging handle attached to “he pinion on the 
crankshaft, and the machine ceases to be locomotive, whilst 
the engine continues to move the dynamo machine at its 
proper velocity. The engine is furnished with sensitive 
governors, so that the speed of the dynamo machine 
may be accurately regulated, which, as is well known 
to all electricians, is very important in order to insure a 
bright and continuous light. If required, this engine is 
sufficiently powerful to drive two electric machines. 

The arrangement we illustrate is compact, and the 
engine may be used during the day for pumping, saw- 
ing, drilling, or any other purpose for which this type 





of engine is usually employed. 


CREUSOT. 
To THE EprrTor or ENGINEERING. 

Srr,—In ENGINEERING of September 27, 1878, just re- 
ceived here, in an article on ‘ t,’’ I find you have 
made a mistake as to the beginuing of that place. 

In 1825 my father was engaged by the elder Mr. Monky, 
of London, as foreman engineer for Creusét, there to e 
and erect, with a staff of fitters, pattern makers, monlders, 
&c., the first blast engines and foundry plant. In those 
good old days machinery was prohibited from oer 
ported and mechanics were not allowed to leave England, 
and these men took only two suits of clothes, the one being 
put on over the other. I was there from 1826 till 1831, 
which will prove, I think, your mistake. 

The first proprietor of Creus6t showed my father a work- 
ing model of Mo: ’s patent paddle wheel in 1826, and 
my father took a sketch of it at the time, and in 1838, when 
he first saw this particular paddle wheel at work, he recol- 
lected having seen it before at % 

Your constant ee, 


0. s 
Wonopringo Mill, Pekalongon, Java, November 18, 1878. 


[We willingly insert Mr. Booth’s letter, as the facts he 
mentions are deserving of being put on record ; but at the 
same time we may observe that they do not controvert any 
statement made in our article to which he refers. We are, 
therefore, at a loss to know what is the ‘‘ mistake” to which 
he alludes.—Eb. E.] 





Amzrican Locomotives.—The Baldwin Locomotive 
Works, at Philadelphia, are still actively at work with up- 
wards of 1600 men on full time. The works have = 
entered an order for Norway. The last order is the 
of the kind ever received in the United States from either 
Sweden or Norway. 
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New ZEALAND CoAu.—The coal mining industry of New 
Zealand is assuming large proportions, and as the mines 
generally become more developed the native product is 
rapidly curtailing the shipments from Australia to New 
Zealand. The Bay of Islands, or Kawakawa, coal mines 
are at present the most productive in the North Island. 
The average output at present is 3500 tons per month, 
but the demand is constantly increasing, and the supply 
will have to be augmented to meet current requirements. 


A Disputep Dock.—When the last mail left Melbourne 
@ dispute had arisen between the Melbourne Harbour Trust 
Commissioners and Messrs. Wright, Orr, and Co., the 
owners of a dry dock on the south side of the Yarra, as to 
the legality of the tenure of a part of their ground, and 
forcible means had been taken by the Commissioners to 
oust the firm from their position, and as forcibly resisted 
by Messrs. Orr and Co. Since that time numerous at- 
tempts have been made to arrive at an amicable settlement 
between the belligerents, but up to the present they have 
all been unsuccessful. In the meantime, however, an 
isti ged, and actual hostilities have 
been suspended, —= result of the negotiations. 
Several suggestions have been made with a view of bring- 
ing this desirable point about, but so far without avail. 
One suggestion was, that the Harbour Trust should buy 
out Messrs. Wright, Orr, and Co., and this seemed at one 
time likely to come to a satisfactory issue, but the price 
asked was considered too much, and the negotiations fell 
through. It was next proposed to submit the matter to 
arbitration, but there were some points upon which neither 
party could agree for some time, but latterly a more sen- 
sible view of the case has been taken, and now the propo- 
= is that the case shall 7 a coon ceo = en 
mutually agreed upon, and to consist of two barris 
and a layman. 
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Length of springs - 
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Boiler, &e.: 


Length of boiler barrel 7 3 
Smallest diameter ... ze 26 
Thickness of plate ... oo eco 0 OF 
a outside firebox ... ea 0 0% 
» Of tube plate, firebox end 0 o} 
“ ~ smokeboxend... 0 0} 
Internal length of firebox -_ oan 2 4 
»» width he bottom 28 
” ” 9 top 2 2 
», height of firebox... on 3.4 
Diameter of dome ... ane 1 6 
Height of dome 1 6 
Length of tubes : ane om bed 7 6 
Diameter of tubes... eee eos eco 0 2 
Number in Se ies oe 41 
Diameter of chimney at bottom... 09 
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Number of safety valves ... ote 2 
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Working pressure per square inch 120 lb. 
Diameter of steam pipe ... “ a 0 2} 
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. exhaust... 0 2 
4 branch exhaust 0 2 
sqr. ft. 
Heating surface in firebox 34 
ae ob tubes.. 160 
Total heating surface... 194 
Area of firegrate ... eee io bee 6} 
Ratio of » to heating surface... 1 to 32 
a e sectional area 
through tubes... me eee off Za1 
Ratio of firegrate to sectional area of 
chimney ... oe om ae mbt oo B 
Miscellaneous : 
Capacity of water tank 200 gals. 
tns. ewt. 
pA coal boxes... * ou 0 3 
Load on front axle... . one ig 4 10 
a trailing axle... we 5 6 (0 
Weight of engine in working order 9 10 





THE CLEVELAND INSTITUTION OF 
ENGINEERS, 
Address of the President, Mr. Jounn Grurs (delivered 
November 11,1 


GENTLEMEN,—lIn addressing you this day I feel it to be 
my first and paramount duty to turn attention for a 
few moments to the great loss our Institution has sustained 
by the awful. calamity which befel our late President, Mr. 
Thomas Whitwell. 

Not only will the Institution of the Cleveland Engineers, 
of which he was so active a member and one of the founders, 
feel his loss, but Cleveland, as an iron district, can badly 
spare him who was one of its most earnest and successful 
workers ; and even from amongst that host of men who are 
rearing and pes Se iron industries of the world 
Thomas Whitwell will be seriously mised. 

By many of us here present he will be remembered as a 
personal friend, and as a genuine anc true man in ev 
sense of the word ; so, as he, yxy By. was a guide an 
good example to many, I have felt @ short outline of 
his career, thus early cut off, may be edifying, as well as 
appropriate to the t 

Thomas Whitwell was born in 1837 at Kendal, in West- 
moreland. About his youthful days I don’t intend here to 
speak further than that he completed his school studies at 

e Society of Friends’ School in York in 1853. At theage 
of sixteen he was pepeeniions to Mr. Alfred Kitching, loco- 
NoEei seas tank ta Uc ecininewn englteosiog’ ante 

i went e -known ineering 
lishment of Messrs. Robert S m and Co., New- 
castle, to complete his apprenticeship. There he won 
golden opinions from his companions and fellow-workers, 


and there his earliest philanthropic efforts began in con- 
nexion with the Sunday School and the Shoeblack Bri » 
After having fini his apprenticeship, he joi his 
brother William and others in starting as iron smelters at 
the Thornaby Iron Works, which the partners established 
in 1859 with three blast furnaces as a commencement, under 
the title of Messrs. Whitwell and Co. Here Thomas Whit- 
well gained his first metallurgical experience, and the 
subject of iron smelting he ever after pursued with a 
keen interest and with marked success. By degrees he 
took a prominent position as an able business man and an 
authority on various questions connected with blast 
furnace practice. In later years his great ability in that 
line was fully proved by the very complete new ar} 
of Sone blast furnaces which the firm commenced to build 

in 1871. a 
In particular Thomas Whitwell’s name will always be 
tadsbeiated with the heating stovefor blast; which he patented 
in a8 an improvement upofi Siemens and Cowper's re- 
bi ove.) This is mot the place to express any 







inion ais to tive advantage or otherwise of 
itwell’s stove, s in general--suffice it to say, that 
he succeeded in ‘his stove suecessful at a time when 


Siemens and ys stove had not yet attained that 
point; but we must*all have grea mired the pluck 
vand undaunted pesseverance with which Thomas Whitwell 
followed up his patent. ; good report and 
through ill report he gave it for years his personal and 
unceasing Soong oy and was roe for his aay age 4 
toil by seeing his stove adopted,im»many places in this 
country, and even more extensivelg in’ America and on the 
Continent. 

Thomas Whitwell did not confine his attention to the 
blast furnace department, as in 1865 the firm of which 
he was the practical managing partner erected a forge 
and bar mill, and we all know how Messrs. Whitwell 
and Co. have succeeded in establishing a reputation for 
their brand. 

As arn inventor Thomas Whitwell’s name is not associated 
solely with his ‘‘ hot-blast stove.” In 1873 he patented an 
improved firegrate, and we all know that the “‘save-all- 
waste’’ grate has attained a certain reputation, thanks not 
only to its undoubted merit, but also to his unceasing 
assiduity in bringing it before the public. 

Thomas Whitwell also, in 1876, patented a continuous 
brick-burning kiln, of which the public as yet knows little, 
but which, there is littledoubt, had he been spared, he would 
haye made another suceess. 

Thomas Whitwell was the chairman of the Southern 
States Coal, Iron, and Land Company, an undertaking 
of which he was the originator, and which promised 
under his superintending to become a large and im- 
portant concern. It must be to his co-partners a matter 
of something more than regret that he did not live 
to see the day when his great expectations should be 
realised. 

You are all aware what interest Thomas Whitwell took 
in our Society of Cleveland Engineers. Jeremiah Head, 
Thomas Wrightson, and he were the originators, and 
the first meeting took place at_ his lodgings in the autumn 
of 1864, when some of us now deploring his loss were 
present. 

May his persevering, upright, and manly spirit ever in- 
spire the conductors of our Institution ! 

As a citizen and philanthropist Thomas Whitwell’s life 
possesses —y | features of great interest, to which in my 
short account I cannot attempt to do justice. His work in 
connexion with the Young Men’s Christian Association will 
not easily be forgotten by the young men of Stockton. He 
was the organiser and captain of the Stockton Volunteer 
Fire Brigade, to which he gave much careful and personal 
attention. 

The South Stockton Mechanics’ Institute will lose in him 
a powerful supporter. 

He was a lover of all manly sport. In canoeing, swim- 
ming, mountaineering he excelled, and in every pursuit, 
were it commercial, scientific, charitable, or the pursuit of 
healthful pleasure, he seemed to fulfil the command, 
Rey ane thy hand findeth to do, do it with thy 
might.” 

It seems hard that such a promising life should have 
been cut off soearly. The endcame; but I must not here 
enter into details of the deplorable accident which led to 
his untimely death. You all know the circumstances under 
which it happened. In strong relief stands before us the 
burned and scalded figure of Thomas Whitwell rising out 
of the fire-hole pit of that fatal furnace, and, sinking down 
exhausted, exclaiming his last utterance, “‘ Lord have mercy 
upon me!” 

Such was the last of our late President ; but I am wrong 
in saying the last, forfew men more than he had a stead- 
fast faith and belief in the endurance ond the grave. 
Few men more than he acted np to that high standard in 
this life, which, he felt persuaded, would have its reward in 
the life to come. He acted.up to his duty tothe last, and 
his memory will live amongst his friends, and amongst those 
who were brought in contact with him, as an affectionate 
son and brother, as a true and constant friend, as a just 
and kind master, as one able and diligent in the business 
he had adopted, as a counsellor and helper in all work, 
and as one thoroughly imbued with charity to all men. 

During the year so fast running its course one more has 
passed from amongst us whose memory should be closely 
—” as his life has been, with the Cleveland iron 

istrict. 

I refer to Henry William Ferdinand Bolckow, who died, 
ripe in years and honours, on the 18th June last. 

He and his partner, John Vaughan, founded the Cleve- 
land iron trade, and I feel it most fitting that I should 
pass in short review the principal events of his iife, and 
the circumstances under which that t iron in- 





dustry, in which we are all so greatly interested, was 
begun and developed. 





Henry W. F. Bolckow was born at Sulten, in the Grand 
Duchy of Mecklenburg, in the year 1806. He commenced 
his mercantile career at Rostock, and in 1827 he came to 
Newcastle-on-Tyne, where he ultimately joined Mr. All- 
husen in the business of merchants, in which business he 
is said to have acquired some considerable success. In 
1840 Mr. Bolckow joined Mr. John Vaughan, then manager 
of the Walker Iron Works, to start in the iron trade, and 
Middlesbrough was chosen as the site. At this time, it 
must be remembered, the docks at Middlesbrough were 
being built for the shipment of coal. With easy access to the 
Durbam coalfield, and well situated for shipment at the 
mouth of the Tees, the rising town of Middlesbrough gave 
good promise to the new undertaking, and the choice of it 
was creditable to the judgment of the partners. In 1841 a 
forge and mill for the manufacture of iron was ere 
on the site of the present Middlesbrough works, and this 
ter commencement of the firm of Messrs. Bolckow and 

aug 
_ You are probably aware that at this time the Cleveland 
ironstone had not been recognised as of any value—indeed, 
the existence of a continuous and valuable bed of stone in the 
hills near pos apemee was not known, although as far 
back as 1812 some cartloads from an outcrop in the Nor- 
manby banks were sent to the Leamington Iron Works on 
the Tyne by the late William Ward Jackson, of Nor- 
manby, but as an ore it was pronounced good for nothing. 
About the same date the late Thomas Jackson, of Lazenby, 
opened out and laid bare the full height of the ironstone in 
Lazenby banks, and tried to draw attention to it. These 
attempts had evidently been forgotten, or at least were not 
generally known in 1840, as there is no evidence that 
Messrs. Bolckow and Vaughan were led to erect iron works 
at Middlesbrough from any knowledge of the existence of 
this stone. On the contrary, the fact that the firm in 
1846 erected blast furnaces at Witton Park, near Bisho 
Auckland, calculating upon getting a supply of ceghaah 
ironstone from the surrounding collieries, seems to prove 
that, at that time, they had no notion of the valuable 
deposit so near at hand ; and it was only when disappointed 
in getting a supply of clayband stone, that they were driven 
to try this long-despised Cleveland stone, picked up from 
the coast between Saltburn and Skinningrove. They also 
got ironstone from the Whitby district shipped to Middles- 
brough, and sent by rail to Witton Park. Being thus 
hampered, it is - to understand how it required the 
exercise, to the full extent, of Mr. Bolckow’s financial 
ability and power, to steer the firm safely through the 
severe crisis and panic of 1847 and the bad years that 
followed. 

It is a matter of Cleveland iron history how Mr. May- 
nard, in 1848, first began to work stone from the solid bed 
which cropped out near the beach at Skinningrove, and 
that Messrs. Bolckow and Vaughan made arrangements to 
work it in 1849; and how afterwards Mr. John Vaughan, 
with the assistance of Mr. John Marley, ultimately traced 
and re-diseovered the bed in the Eston Hills in 1850. 

You are aware that, from that time, Messrs. Bolckow 
and Vaughan never ceased to extend their operations, Mr. 
Bolckow entirely leading the commercial as Mr. Vaughan 
did the practical, both being equally entitled to the honour 
of being the founders of the Cleveland iron trade. When 
we consider the extent of the undertaking, at the time it 
was turned over to the limited company in 1865, it will give 
us an idea of the Herculean work which had been accom- 
plished by Mr. Bolckow and his partner, Mr. Vaughan. 

Mr. Bolckow always took a leading part in the promotion 
of social, moral, and religious progress in the town of his 
adoption, and he has, at one time or another, occupied 
almost every position of trust that his fellow-townsmen 
could confer. He was the first mayor of Middlesbrough 
on the incorporation of the borough in 1853, and in 1855 
he was presented by the corporation with a full-length 
portrait, which now hangs in the council chamber, in re- 
cognition of his public services. He was the first Presi- 
dent of the Chamber of Commerce, and one of the most 
usefal members on the Tees Conservancy Board. He was 
a magistrate and a deputy-lieutenant ; and when Middles- 
brough was enfranchised in 1868 he was eiected by general 
consent to represent the new borough in the Commons’ 
House of Parliament. 

Mr. Bolckow not only served the town in every public 
capacity, but he liberally supported every movement which 
tended to benefit that population which had to a great 
extent sprung up through his enterprise. He built the St. 
Hilda’s Schools at the cost of 70001., and he at the cost of 
over 30,0001., presented the Albert Park to the public. 
By will, also, he left large donations to the North Riding 
Infirmary, the Cottage Hospital, and the public schools. 

_ The high estimation in which Mr. Bolckow was held by 
his fellow-townsmen found a suitable expression when, in 
1868, he was presented with a public address, which set 
forth, ‘“‘ Under Divine Providence, successful in your 
undertakings beyond the lot of most, you remembered that 
wealth cannot be more nobly applied than in advancing the 
condition of those around. . . .” 

In speaking of Mr. Bolckow as the founder of the Cleve- 
land iron trade, it is impossible to separate from his the 
name of John Vaughan. The united names of Bolckow 
and Vaughan will live in Middlesbrough as long as the 
Cleveland iron trade lasts ; and when the people of Middles- 
brough, in recording their high appreciation of what Mr. 
Bolckow has done for them, erect a statue to him in the 
Albert Park, they would also do a graceful act of justice by 
erecting an obelisk on the top of Eston Hill to the memory 
of his partner, John Vaughan. 

Having now paid a tribute of respect to the memory of 
Henry William Ferdinand Bolckow, the co-founder of the 
Cleveland iron trade, and to Thomas Whitwell, our late 
President, I must ask your attention to consider a few of 
the points in connexion with the iron and steel trade, in 
its technical and commercial aspects, but before doing so I 
will very briefly refer to its past history. 
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You are aware that antiquarians divide the past ages of 
mankind into the stone, the bronze, and the iron ages. 
The beginning of the last, the age we still live in, is so far 
back in the dim distance of time that we have no historical 
records of it; but, from evidences chiefly derived from the 
weapons, utensils, and ornaments found in the burial 
mounds of what appear to have been more or less distinct 
races of men, it has been concluded that comparatively 
feeble races with flint weapons succumbed to races armed 
with weapons of bronze, and they in their turn—after 
ages had passed on—although strong-framed, and judgi 
from the beauty of workmanship of their weapons an 
ornaments, in a comparatively state of civilisation, had to 
succumb to other races, thronging into Europe from the 
mystic East, of no greater physical strength perhaps, 
probably much less civilised, but armed with the much more 
powerful sword of iron, or, more correctly, perhaps, steel. 
Thus it would appear that steel is probably as old as iron, 
but when either first appeared no man can tell. Nor 
should I like to surmise whether these events took place in 
Europe anterior to the times of the famous Tubal Cain or 
no; suffice it to say, that ever since the appearance of 
iron—and I include in this term steel—it has been a 

wer in the world, and never more so than in the age we 

ive in. 

There are enthusiastic people of the present day who are 
ready to assert that we are passing out of the iron and 
beginning the steel age ; but this is only a misuse of terms, 
as steel is but a particular state of iron. Iron and steel 
have from the beginning run side by side. Iron has been 
made soft when a soft state was required, and hard when 
such was wanted, and the distinction between the two has 
been from old, that when iron was made of such a quality 
that it hardened when suddenly cooled from a red heat, it 
was called steel, and when it was so soft that it remained 
ductile after similar treatment it was called iron. 

Coming back to history, you are aware that, in ancient 
times, iron was always produced direct in the malleable 
state, either soft or steely in what was called a “‘ bloomary 
fire’’ (German, ‘‘ Stiickofen’’), much in the same way as is 
practised in some uncivilised countries at the present day— 
simply a small cavity made of earth or clay, where iron 
ore was exposed to the action of burning charcoal urged 
by blast from a very primitive arrangement of bellows. 
The operation is essentially the same as can be performed 
in any blacksmith’s fire of the present day by putting rich 
iron ore on the fire, when, with certain precautions, a 
malleable lump of metal can be produced. 

By degrees great improvements were made upon the 
primitive contrivances, and in the seventeenth century we 
find in some parts of France and in the Pyrenean Moun- 
tains much more complete arrangements called ‘‘ Catalan 
forges,’ still a low kind of ‘‘ bloomary fire,’’ but the blast 
was produced by what was called the “‘ Tromp,” an ar- 
rangement, as you are probably aware, for producing blast 
by falling water. The iron making was carried on with 
considerable skill. Either soft iron or steely was produced, 
and hammered out into bars after repeated re-heatings in 
separate fires, or even, in some cases, by the waste heat 
from the fire itself. 

By degrees these ancient ‘‘bloomaries’’ or ‘ Catalan 
forges” were heightened—that is, a shaft was run up above 
the fire until, when they became about 15 ft. high, the iron 
sometimes became so carburised that a portion of it would 
run out as fluid cast iron, although it was intended to be 
taken out as a malleable lump of more or less steely iron at 
the bottom of the furnace. ‘This led to such cast iron being 
converted separately to the malleable state in charcoal 
fineries. 

Such furnaces being still further heightened, all the iron 
came out as fluid cast iron, and this was the beginning of 
the blast furnace practice and the end of direct malleable 
iron making. It will be noticed that, up to this time, 
everything had been produced in a malleable state direct 
from the ore, but it is interesting to note that, from time 
immemorial, there had been practised in India a process of 
melting steely malleable iron with carbonaceous matter in 
x pots, producing the celebrated Wootz cast steel. 

ven in Europe cast steel seems to have been made at a 
very early period, and several old writers make mention of 
it. Aristotle speaks about cast steel being made by re- 
melting iron with suitable fluxes. 

A writer in the sixteenth century speaks of steel being 
produced by retaining malleable iron for some time in a 
bath of fluid cast iron. 

Reaumur, in the early part of the eighteenth century, 
describes the process, as practised in his day, of converting 
bar iron into steel by cementation in charcoal, and he pro- 
fesses also to have produced steel by melting cast iron and 
malleable iron together in certain proportions in a crucible. 
A German writer in the middle of the same century enume- 
rates three distinct modes of producing cast steel: 1. By 
melting steely iron with fluxes. 2. By fusing malleable 
iron with carbonaceous matter. 3. By melting cast iron 
with oxides of iron. 

Thus it will be seen that all the modes at present in use 
for making cast steel, except, perhaps, the Bessemer 
process, were in principle known, and probably to some 
extent practised, more than a century ago. Some of them 
were even known to the ancients. Still, such men as 
Huntsman, Heath, David Mushet, Uchatius, Krupp, Att- 
wood, Martin, and Siemens, though they cannot claim 
originality of invention of their respective processes of 
making cast steel, have reintroduced them on a practical 
and commercial scale. 

Benjamin Huntsman, the first of these great names 
which figure so conspicuously in the annals of the British 
steel trade, undoubtedly, in 1779, founded the cast steel 
trade of Sheffield, which is carried on up to the present day 
almost entirely as he left it- In 1839 Heath improved upon 
it by adding oxide of manganese and carbon, whereby he 
was enabled to use commoner bars for his blister steel, in- 
stead of the more expensive but superior Swedish bars used 
by Huntsman. 





Coming back to the embryo blast furnace, we find that 
during the sixteenth century it was by degrees further 
heightened, and iron making was gradually established on 
the indirect principle, such as it continues up to the present 
day—that is, producing in the first instance fluid cast iron, 
and subsequently fining it into malleable iron, either soft 
or steely, by the action of blast directed upon its surface. 
Thus arose a variety of what were called ‘‘ Charcoal Finery 
Hearths,”’ a procedure which is, as you are aware, carried 
on in many countries up to the passe day, and by which 
from good cast iron an unequalled quality of iron is obtained 
—such, for instance, as the best brands of Swedish char- 
coal iron. 

Up to the early ae of the seventeenth century charcoal 
had been used exclusively for the smelting of iron. In this 
country, from the destruction of the forests, iron making 
began to decline, and was almost threatened with extinc- 
tion. But you are aware how abont this period Dud 
Dudley made use of pit coal in his blast furnace. It was 
not, however, till more than 100 years later, or about 1730, 
that it became general, when Abraham Darby began the 
use of coke made by burning the coal in open heaps. He 
probably got the idea from the charcoal burning, which 
was carried on in covered-up heaps much in the same 
fashion, and you are aware coke has the same relation to 
coal as charcoal has to green wood. From the time of 
the successful introduction of coke in iron-smelting the 
iron trade of England has never looked behind, and from 
the abundant supply of clayband and blackband ironstone 
in close proximity to the coal beds, it at that time was 
enabled to distance every other competitor. The iron trade 
of this country got a further great impulse when, in 
1784, Henry Cort introduced the puddling process, and 
the drawing out or working of iron in grooved rolls. 
Afterwards when, in the early part of the present century 
the steam engine was perfected by Boulton and Watt, the 
iron production increased at a marvellously rapid rate. In 
1828 Neilson’s great invention of the use of hot blast in the 
blast furnace marks another of those epochs in the iron 
trade which has gradually and silently worked a revolution ; 
and you are aware how we in Cleveland, by extending the 
principle, have increased that heat to a muc ter extent 
than was ever contemplated by Neilson, and have secured 
still further advantages. Cleveland can also claim the 
credit of having perfected the utilisation of the blast furnace 
gases, and of having led the way in increasing the size of 
the furnace, which up to a certain point has been the means 
of ¢ economy. 

or Cleveland, then, I claim the credit of having led the 
way, and of having been an example to both our European 
friends and our cousins across the Atlantic in blast-furnace 
practice—an example which both have not been slow to 
profit by, but in some cases have been rather chary to 


acknowledge. 
Coming a to the tyre process, you are aware 
that a great deal of puddle steel has been made, and used 
directly, or remelted. The large steel ingot with which 
Krupp astonished the world at the London Exhibition in 
1851, was probably made of puddle steel re-melted with 
spiegel in crucibles. From that date great advances have 
been made in producing steel in large masses. You are 
also aware that since the introduction of Siemens’ regene- 
rative furnace the crucible melting has been entirely super- 
seded by the open-hearth melting whenever large quantity 
and cheaper steel has been required, and it was first carried 
out in practice by Attwood, and afterwards by Martin, by 
what is known as the Siemens-Martin process, that is, dis- 
solving malleable iron in a bath of cast iron, or by what is 
known as Siemens’ process, which is decarbonising a bath 
of cast iron with iron ore, both of which processes, as I 
have mentioned before, are old in principle, but new as far 
as the operation being carried out on an open hearth of a 
furnace instead of in crucibles. It should, however, be 
noticed that a Frenchman, M. Sudre, in 1862, was the first 
to suggest the melting of steel on an open hearth of a rever- 
beratory furnace instead of in crucibles. 
(To be continued.) 





TORSIONAL STRAIN IN GLASS FIBRES, 

On the Torsional Strain which remains in a Glass 
Fibre after release from Twisting Stress.* 
By J. Hopxtnson, D.Sc., F.R.S. 

Ir has long been known that if a wire of metal or fibre 
of glass be for a time twisted, and be then released, it will 
not at once return to its initial position, but will exhibit a 
gradually decreasing torsion in the direction of the im- 
pressed twist. The best method of approximating to an 
expression of the facts has been given by Boltzmann 
(‘‘ Akad. der Wissensch. zu Wien,” 1874). He rests his 
theory upon the — that a stress acting for a short 
time will leave after it has ceased a strain which decreases 
in amount as time elapses, and that the principle of super- 
position is applicable to these strains, that is to say, that 
we may add the after-effects of stresses, whether simul- 
taneous or successive. Boltzmann also finds that, if P (¢) r 
be the strain at time ¢ resulting from a twist lasting a very 


short time T, at time t=0, ? (o=4 » wrere A is constant 


for moderate values of t, but decreases when ¢ is very large or 
very small. A year ago I made a few experiments on a 
glass fibre which showed a deviation from Boltzmann’s 
la 


w. 

2. The glass fibre examined was about 20in. in length. 
The glass from which it was drawn was composed of silica, 
soda, and lime ; in fact, was glass No. 1 of my paper on 
‘* Residual |Change of the Leyden Jar’’ (“ Phil. Trans.” 
1877). In all cases the twist given was one complete revo- 
lution. The deflection at any time was determined by the 
position on a scale of the image of a wire before a lamp, 
formed by reflection from a light coucave mirror, as in 





* Abstract of paper read before Royal Society, De- 
cember 12, 1878. 








Sir W. Thomson’s galvanometers and quadrant electro- 
meter. The extremities of the fibre were held in clamps 
of cork; in the first attempts the upper clamp was not 
disturbed during the iment, and the upper extremity 
of the fibre was assumed to be fixed; the mirror also was 
attached to the lower clamp. This arrangement was un- 
satisfactory, as one could not be certain that a part of the 
observed after-effect was not due to the fibre twisting 
within the clamps and then sticking. The difficulty was 
easily avoided by employing two mirrors, each cemented 
ata single point to the glass fibre itself, one just below 
the upper clamp, the other just above the lower 
clamp. The upper mirror merely served by means of 
a subsidiary lamp and scale to bring back the part of the 
fibre to which it was attached to its initial position. The 
motion of the lower clamp was damped by attaching to it 
a vane dipping into a vessel of oil. The temperature of 
the room when the experiments were tried ranged from 
13 deg. C. to 13.8 deg. C., and for the present purpose may 
be regarded as constant. The lower or reading scale had 
forty divisions to the inch, and was distant from the glass 
fibre and mirror 38$in. Sufficient time elapsed between 
the experiments to allow all sign of change due to after- 
effect of torsion to disappear. In all cases the first line of 
the Table gives the time in minutes from release from 
torsion, the second the deflection of the image from its 
initial position in scale divisions. 
Experiment VI. ee pater for 121 minutes. 
eis comer Seu 3 ee 

Scale divisions 191 170 148 136 126} 119} 108} 

t ... ins » 10 15 80 65 90 120 589 

Scale divisions 97 844 635 414 34 28 34 

8. The first point to be ascertained from these results is 
whether or not the principle of superposition, assumed by 
Boltzmann, holds for torsions of the magnitude here 


If the fibre be twisted for time T through angle X, then 
the torsion at time ¢ after release will be X {Wit+t - 


- ()} where 
aL O=f 9 (at. 


If now T=t,+t,+t,+ .. . we may express the effect 
of one long twist in terms of several shorter twists by 
simply noticing that 


X{¥ Oy (4+ T)F=K[{ LO (+t) $+ fv erty 
—W(t-+t + ta) } + fab (t+ 8 tte) (t+ t) +te+ty) $ 


+, &e.] 

Apply this to the preceding results, calculating each ex- 
periment from its predecessor. Let a be the value of ~) 
aed (t), that is, the torsion at time ¢, when free, 

ivided by the impressed twist measured in same unit ; we 
obtain the following five tables of comparison. 
Results for T—121 open with those from T=20. 


t + 2 qs 7 
@ observed 0.00979 87L 758 697 648 612 556 


a calculated ... obs 1070 950. 880 830 780 730 
t 10 15 30 65 90 120 589 

w, observed ... 497 433 325212 174 144 18 

a calculated... 670 600 500 380 350 


The three last tables agree in indicating a large deviation 
from the principle of superposition, the actual effect being 
less than the sum of the separate effects of the periods of 
stress into which the actual period may be broken up. 
a finds the Ss be > —_ for eens, 
either greater torsions or lo urations give less after 
effects than would be anpestel trem smaller torsions and 
shorter periods. 

The sixth experiment appears to indicate the form ¢ (t) 


- > a being less than, but near to, unity. If a=0.95 we 


have a fairly satisfactory formula. 
1 
(7 + ttt *), where A’= Awhen T=121. 





a = A! 


In the following Table the observed and calculated values 
of at w. 
T=121 are compared, A! being taken as 0.032. 


t 4 Paes RE OM WR eee 
wt observed ... 0.00979 871 758 697 648 612 556 
«calculated ... 0.00976 870 755 691 643 600 550 

t 10 15 30 65 90 120 589 
we observed .. 497 433 325 212 174 144 18 
@ calculated .. 493 429 320 218 176 147 42 


Taking the formula ? (t)= + these experiments give 


values of A ranging from 0.0017 to 0.0022. Boltzmann for 
a fibre, probably of a quite different composition, gives 
numbers from which it follows that A=0,0036. 

5. In my paper on “‘ Residual Change of the Leyden Jar’’ 
that subject is discussed in the same manner as Boltzmann 
discusses the after-effect of torsion on a fibre, and it is 
worth remarking that the results of my experiments can be 


roughly expressed by a formula in which Pm=t. For 

lass No. 5 (soft crown) a=0.65, whilst for No. 7 (light 
Kint) it is greater ; but in the electrical experiment no sign 
of a ro Ne deviation from the law of superposition was 
detected. 








WESTERN AUSTRALIA.—We learn from Perth, Western 

i i has been received there intimat- 

ing the Queen’s assent to a Loan Bill for 200,0001. Of this 

122,0001. is for the Freemantle and Guildford rp & 

17,0001. for the completion of the Geraldton and North- 

ampton Railway, 30,0001. for roads, and 10,0001. for public 

works, including a steam-tug for Freemantle Harbour. 

Thirty-one miles of the Geraldton and Northampton Rail- 
way have been opened for traffic. 
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METALS. 
£ £ 
ANTIMONY ORE i: — 12 15 
Regulus (star - 8 00 
Brass Ib.) - 8. _ 
Sheets, 48 « 24 ° ° 
Yellow metal ° ° 
Castinas TYNE AND Otavs BLAND 
£ £ 
5 
+ 
5 
° 58 
° 68 
° 65 
° 66 
° 68 
Bottoms .. eso dieccdeeses o|6 76 
Iron Ones on en e @ & 
Red hematite, British ™ 6 13 
” ” pudding 16 o 17 
Iron Pia any = 
Barrow No. 1 soee 6 65 
” » 2 6 63 
© oo © con ° 62 
Cleveland No. 1 6 oo 
” ” ; o 8068 
” ) e 35 
‘ (orgey - =. a 
Other qualities .. °c Oo 00 
Welsh (South Wales) 72 +O 30 
” (North Wales) ... 60 o 75 
No. 1. 
Seotch Pig - s. d. s 
G.m.b., at Glasgow ......... 43 6 43 
Gartsherrie ......... » 50 © 46 
Coltness ....... ace 98 © 46 
Summerlee . ace OS .6 “4 
joan 52 Oo 46 
Carnbroe 45 0 “4 
Monkland “4 «0 43 
18) so 48 «© rt} 
Govan, at Broomielaw ... 43 «6 3 
Calder, at Port Dundas... so o “4 
ay at Ar- 
drossan - @ 6 44 
Eglinton, ditto “ ° 43 
Dalmellington, ditt ° rt 
Carron, at Grangemouth 3 ° 57 
Ditto, cyosiey selected 65 0 
es —_. Jeduatintees st 6 47 
Kinneil, at 
(The above ‘all deliverable alongside). 
s 4 8. 
Sh — ee ° 78 
North Staffordshire ...... 45 © 75 
Sou ” ecesceeee ° 75 
Yorkshire Thornaby pig. 60 o 65 
Ridsdale Nos. land2 ... go © 100 
Inon, WROvUGHT - 2 4. £ 
Cleveland =... 2 5 
” bars ...... 5 o 5 
a pa ii bars.. 3 10 3 
a iler plates... 7 2 7 
geedecccesos 5 2 5 
5 %0 5 
7 9° 7 
6 65 6 
6 15 7 
6 10 8 
8 o 8 
2 10 Ir 
8 o 9 
s $§ $ 
6 o 6 
9 © ir 
8 oo 8 
14 10 %4 
is (oO 16 
™4 #6S 4 
eeessecoes « 160600 17 
PHosPHOR Baoxzz— 

(POT BOM) ...ceccercerrerreeee TOS O 125 
QUICKSILVER - bottle) 6 7 6 
Scrap 

Ola Ma Satie fo oad re-manu- 

“« @ @ s 

SPELTER coer o— 

Silesian, ordinary ......... 16 10 16 
SPUBGELEISEN (per ton) — 

TET entininénnagbomempenscneence °o 6 

COMMON,..........0crerereee § 0 5 
STSEL (per ton) — 

Beat onat,...........00 c) 50 

» Gouble shear . 45 «© 65 

” e800 oss 32 ° 50 

English spring. wo 4 © @ 

Blister ........ ne @ © @& 

Milan ........ +» 28 t0 30 

Bessemer rails « 6 © 7 

” tyres . 9 5 10 

® axles .... ~« © 2 10 

” billets . - 5 s 

e ingots .... 6 7 
Stea. Castines ewt.) - 
tt. in 
not to ex- 

length, d. 8. 

° 28 

o 3 

° 28 

pa conn for riveting ny 

or. 
machines, &c., 1, to 5 
OWT, nrcrecreversrscerecesceres 85 26 





a ohoo # 


“ 
couse 


coPooooo°o 


ecoeoecoooanoo FS SCoowooooco”d 


acon 


° 


wucduse coooog 


oy 
oo 


ooof Suwoucccoooeo 


| 


| 
| 


purposes.. 20 

| SWEDISH Inon “Poo. ») ‘st 
Gotten wenel £ 
Pig ocsoee 5 
Bar rolled .... a +S 
» hammered .............. 12 

TIN (per tm - 

Straits.. semsccsecsenscesse’ OD 
Billiton 0° 
Banca .......+0000 67 
English ingots . 65 
English bars..... 64 
English refined.. 62 
Australian .. cece 
Tin PLATES (per box) - - 8. 
LO. charcoal..... cose 98 
” 29 
1-0. coke........ 18 
he © eccsccescsccoceses 26 
| Zinc (per ton) — £ 
Sheets, English............... 20 


STEEL CASTING—Scon‘inued 8. 
Side cranks, cross heads, 
crane wheels, engine 
slides, &c. 4 
Tumbler bars “and “Other 
castings for d 











Wire, fencing . 


a Telegraph (galvanised) 16 
COALS AND COKE. 


COALS (per sane 
BTOW  cccoccocccccscccccoccoes 





Derbyshire.. 
Lancashire .. 
Newcastle and Durham... 





Coxs— 


Cleveland . 
Durham 


” 
oo 


OILS, GREASE, ——— 


OILS (per tun) — 


Seal, Drown .........0c00c000+ = 








PETROLEUM - 8. 
Fine (per gallon) ............ © 
° 

2 


COAL oil, refined .............++ 
RaNGOON engine oil ......... 
Prreu a ott 














5 
i aentnes = 
PLUMBAGO (per © ewt. w— 
Ceylon lump...........+. 12 
.° chips. . I 
” st.. 8 
RAILWAY —- 
ewt.)— 28 
Pritchard, Offer and Co.'s 
concentrated ....... 60 
RESIN (per cwt.)— 
American ........60.0000008 4 
TALLOW (per cwt.) 
N. American ..........0 35 
8. American beef.. «s+ 00 
sheep 00 
Australian beef 34 
sheep 36 
St. Petersburg, ¥.0. 35 
English, town ...... 36 
Rough, English 13 


Tar—Stockholm (per barl. 1) 20 


Archangel .. . 3g 


ToarsxTure—Spirit— 


American (casks) .. 
WIPtnes, engine (per cwt.) po 


CHEMICALS, 
Actips— 8. 


Aquafortis (per Ib.)......... 
Saiph mric acid (per Ib.) 


° 
° 
Salpberie acid, brown...... ° 
£ 


Ammonia — Muriate ow 
ton). eevee + 29 
ARSENIC— 8. 
White, lump (per cwt.)... 24 
wdered (per cwt.) ...... 8 
BLEACHING powder per cwt. 5 





Borax - refined (per cwt.) 35 
BRtsToNne (per ton)— £ 
Flour o 88 
Roll .. . ae 
COPPERAS - green ....... 50 
—— —_ Sulphate (per 7 
eee regececocococsooscces 18 
tnannt SALTS, &c., (per ewt.) 

Acetate, DOSE .......c..00000 25 
Bro oe 292 
18 

22 





LITHARGE (per cwt.) ..... 19 
PotasH—Bichromate (per 


_| ee » 2 
22 
fee) 
19 
12 

» Orystals ~ £3 
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TIMBER, DEALS &. 
- LIVERPOOL. 


WHOLESALE Prices OF ToMBER, DEALS, &C. 
From British NORTH AMERICA. 


Pine TrmBer (per cubic 
foot string measure) 
Quebec yellow square ... 
Waney board . 
St. John’ s, N. B., 18 in... 
Miramichi and British 





Chaleur .. eee 
Richibucto ........ 
Nova Scotia and ‘Prince 
Edward Island ......... 
red ,, 
Walnut, eng and 
United States ...........+ 
Birch, St. John's 8, &c. N.B. 
ebec.. 


S ova Scotia ‘and 
Prince Edward Island o 


DEALS AND BATTENS (per 
Petersburg standard) 


Quebec yellow pine Ist. 17 
» 2nd 73 
» ed 7 


St. "John, ” Bangor, éc., 
spruce gece 

Ditto, Nova Scotia, “be. 

Boards, yee... 


taihwood. pe per fathom" 








(4 ft.) .. etmek f 


et 
weno & 


co 
“4 
coo 
ne 


©o090000 
Coad Mo el 
ASM OAW O 
ecoeoooo°e 
ee ee 


Coo 
> 
On o 
Coo 
“w 
~ 


° 


coo 
AoA 


PRICH LIST OF MATHRIALS. 


Can OO vnanw ww 


~ 


oo 


conan 


o 


FROM THE : Unrree graves, EAST AND WEST 


INDIES, AND AFRICA. 


(Per cubic foot, string 





measure) £ 

Pitch pine, a ° 

- - 9 

Pitch pine eae eccceeses O 
United States oak logs... o 
(Per load calliper measure) 


East Indian teak \perid.) 9 


Greenheart ...... 
Demerara Morra.., - 
Bullet tree per foot) eeeees 





From THE BALTIC, 


Per cb. ft. string measure, 
r timber, Riga red...... o 
Fir timber, Dantzic and 





Memel crown ............ ° 
Ditto, sew other kinds o 
Stettin ....... ssseereeesos O 
Swedish . . @ 
Norway - @ 

| Ditto mining timber,...., ° 
| Warnscot (Logs calliper 
measure) 
Riga, &c., CTOWN............ 0 
Ditto Drack ........+.0s000++ . °° 
Oak timber, Dantzic 
(string measure) ...... ° 
DEALS, &c.,— 
«Per Petersburg standard) 


Redwood, * — puma - 


Onega, 1 
Redwood, Peiatibui i ist 10 
” Wyburg... 9 
pa Uleaborg ...... 8 
a Gothenburg 9 
* Gefle and Stock- 
holm ......... 10 
e Memel .., 





Norway......... 
Ditto white . 6 


| MAHOGANY, 4c., (per toot lin.) 
or St. Domingo ......... ° 
° 











° 

- Pine * ° 

” Hemlock ,, ° 

ms FBR rerccccercee cocccsee | @ 

HULL. 

(Per load.) & 

Memel crown firtimber ... 4 

2nd 3 

ecco 3 

2 

4 

2 
Per Pe Petersburg standard.) 

Best Onega red .........0++. + 16 
Best Pet. red . - 


white 


Riga ist white... 
Wyburg red....... 
Quebec Ist pine , 
CO cence rece - 
Uleaborg red ......ccsseseseees 
(Per. cubic ae 


Quebec 08k .........cccccersseee 0 





» @ 
Memel logs 
(Per cubic fathom. ) 


ae and Riga lathwood ro ro 

9 10 

Charge for labour 2s. per standard for deals, &c., 
and Js. 6d. yer load for tim ber. 


Swedish ditto...... 
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WEST HARTLEPOOL. 

(Per Petersburg standard) 4. s. 
Tornea mixed red peals .., 10 
” battens ...... 10 
unsorted boards . 8 5 

Gefle Ist red deals 3x9. . 33 
» » » dDatts.& boards Ir 

» 2nd,, deals 4x9...... rz 


om me 
NuUCOOOnRF 


PO 900M MMO WOK OO mo A 
- 


» » » boards 8 
» Se Saute, & 3, Zin. 9 
» » » boards . 8 

, unsorted Ponte 2x9 in. 5 
Gottenburg 3rd red battens 8 
Petersburg Ist red 3x11 16 

15 

10 
9 

8 


we 
“YR Q00o OM 


” ” 3x 9 
° » White 3« 11 
” ” ” 3x7 
2nd , 38xil 
Swedish common red deals 
4xl2and4xll. core FI0 O 7 
(Per pes foot.) 


“%2QOORODAOMOGOSOCOC OR 
SAQLCOCOCOOMADC COCOA 


a 
N 
a 


© oof o rt of 
Charge = labour 2s. per standard for deals, 
d 1s. 6d. per load for timber. 


WISBEACH. 
(Per Petersburg standard.) 
Haparanda unsorted red 








ee oe SS ee 
D‘tto, battens .... ooo 28 § © 10 7 6 
| Getle Ist red deals ,, o% 3:2 6 €¢ 0 
| ee ms 10 © 0 10 2 6 
Wyburg Ist red battens ... 11 m~e02 0 8 oO 
Stockholm 2nd red battens 11 10 0 0 0 O 
Tunedal znd red battens... 9 15 oo 0 
Free on railway ‘erueks, 
LONDON. 

(Per Petersburg standard.) 
Archangel Ist pte -14 0 0 100 
” 2nd © 200 
Petersburg © 1310 o 
Wyburg... e° m0 Oo 
Petersburg °o 810 o 

Christiana deals, best 
sorts, yell, and white... 12 5 0 14 0 o 

Norway deals, other 
BOBO cracocacccoscenspibensce °o g 00 
Norway battens, all sorts : °° 71 0 
Swedish deals mixed ... 9 10 0 13 © o 
” » 8Fd......... © 1 0 Oo 

pa inferior 

and 4th .. ceecerccerre 7 O O 810 O 

(Battens 40s. jess than 

deals) 

Finland deals .,............ 8 0 0 9g 10 0 
- battens ......... 600 8100 


AMERICAN DEALS— 
Quebec Ist brightpine ... 15 10 0 24 0 o 
» iad «10 0 0 144 0 O 
o ” - 75° goo 
Floated pine 40s., 20s., and 10s., less for Ist, 
2nd, and 8rd, respectively. 
Canadian spruce, Ist...... 10 0 o 12 0 o 








” ” ms os G28 6 8 © © 
rd ... 615 0 710 0 
New Brunswick spruce 615 0 710 0 
Ditto battens ..... eoanicess 6109 0 71 0 
N.S. @ P, E, Isle spruce 610 © 710 o 
U. S. pitch pine ....... 9 5° 1210 0 
AMERICAN TIMBER—(per load) 
Red pine (mixed and 
building) . ° 10 0 
Do, for yards “and” spars , : ° : 10 o 
Yellow pine, large ........ 4 0 0 415 0 
Ditto waney board 40°00 415 0 
Ditto small ........... 310 © 315 0 
Pitch pine .. 35° 310 
Oak, Quebec’ 510 © 610 0 
Elm, Rock... 4°0°0 410 0 
deters rorecsteseceoes 3 10 O 410 Oo 
Birch, Quebec large ...... 310 0 400 
N. Brunswick and 
5 Rescue oo 3 3 0 325 © 
Do. small average . ms 
Masts, red pine .., © 510 0 
os 0: © wr o 
- ° wo0°0 
Indian teak ... 9 © 1010 0 
— Guiana 
hea; 6°00 71 
fr--—— 7 ironbark wee 6 00 710 0 
Batic TIMBER «per load) 
gE 310 o 
Dantzic and Memel crown 40° 0 
» Ist middling...... 3 0 © 





FLOORING BOARDS (per sq. 





of 1 in.y— 
First yellow........0.0e08 © 12 © O13 0 
» Whtie <a © ° of 0 
Second qualities .. ° 3 ° o1 oO 
«Per foot of 1 in. mahogany.) 
Honduras (cargo average)o o 4h 0 © 5 
exican ” ©o 4 OO 4 
Tabasco ” oo 480 oO 5 
Cuba ” © 06009 
St. Domingo ” ©0o0 6009 
CUTS wccccccsesecees® O 8D O 2 6 
The above prices “ at the Docks.” 
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AMERICAN IRON AND STEEL WORKS. 
By A. L. Hoiiey and Lenox Sura. 


No, XXXIII.—Tse Union Iron Mus, Pirts- 
BURGH, Pa. 

Tue Union Iron Mills of Pittsburgh, Pa., owned 
and operated by Messrs. Carnegie Brothers and Co., 
stand on the left bank of the Allegheny river at the 
foot of 33rd-street. They are among the largest 
of the merchant rolling mills in the vicinity; they 
have a capacity of 25,000 tons per year, and when 
running full they give employment to about 
600 men. Their products embrace all the standard 
sizes of beams, bars, tees, and angles in iron and 
steel (the steel billets being purchased chiefly from 
the Edgar Thomson Steel Company, adjacent), 
besides a great variety of shapes, some of which are 

iar to this company. Among the latter areshapes 
used in the St. Louis steel arched bridge, also the 
elements of Mr. J. L. Piper’s rivetless wrought-iron 
columns, of which further mention will be made. 
The main superstructure consists of several smaller 
ones put up at different times, but contiguous to each 
other, and having the appearance of one building. 
The greater portion of the mill consists of iron 
roofs supported by light wrought-iron columns, the 





partitions being of wood and corrugated iron. The 

ents into which the buildings are divided, 
and the service to which each are put, are described 
in the Table by means of the figures of reference, 
the /etters of reference relating to the machinery and 
furnaces. 

The principal engines are all horizontal. Engines B 
and M (see plan) are of the Mississippi type, with 
puppet valves worked by horizontal levers and lifting 
cams placed directly over the cylinder. Each commu- 
nicates its motion to its trains, &c., through a series 
of toothed wheels. Engines T and W are of amore 
modern type, having balanced slide valves; they 
were designed and built by Messrs. Mackintosh, 
Hemphill, and Co., of Pittsburgh. They are at- 
tached directly to their respective trains. Saws, 
shears, &c., are generally driven each by its own 
engine. Trains C and roll small rods, angles, 
‘nl idee, and receive billets from the rever- 
beratory furnace B B and the Siemens furnace, 
AA, this being a double furnace with 9 ft. by 9 ft. 
bed. 


The reversible universal train (E) designed by 
Mr. Andrew Kloman (general superintendent of 
these works, and of the Lucy Furnaces) consists of 
two main horizontal rolls 22 in, in diameter and 
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Table of Reference to General Plan, Fig. 1. y a Streientenins pape pe Sagat 
1,1. Offices. K, K. Plate shears. 
2, 2. Roll turning and machine shops. L. Cold saws. 
3, 3. Straightening and bending-room for bars, light M. Engine with cylinder 22 in. in diameter by 4 ft. 
rods, &c. stroke, driving muck and top and bottom trains 
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6 ft. 8 in. long, also four 12 in. diameter vertical 
rolls placed two in front and two in rear of the 
train, as close as practicable to the main rolls, A 
very similar but improved form of universal train is 
illustrated by Figs. 2, 3, and 4 of the two-page en- 
graving which we publish this week. In this train the 
main rolls are only 3 ft. 8 in. long, their strength con- 
sequently being proportionally increased, while the 
extreme dimensions of opening, viz., 9 in, high and 
33 in. wide, are only a trifle less than in the other. 
This t width of piece, in comparison to the length 
of roll, is accomplished by forming a cavity (not 
shown) on the inner face of the housing into which 
the vertical rolls A A may be drawn. e vertical 
as well as the horizontal rolls are driven, motion 
being received from the main pinions through the 
toothed wheels e e, the horizontal shafts dd, and the 
bevel gears cc (Figs. 2 and3), By means of the 
horizontal screws / /, the vertical rolls may be ad- 
justed at pleasure, even when the train is in motion, 
the yokes gg (Fig. 3) moving the bevel wheels c ¢, 
and holding them continually in gear. By turning 
the screws f f the vertical rolls may be made to 
approach each other at each pass, thus working the 
piece on the sides as well as top and bottom, Each 
vertical roll works forward or backwards indepen- 
dently of any of the others, but the idler 4 (Fig. a. | 
compels the top and bottom screws on each verti 
roll to work together. The horizontal screws ii 
move the guides j j so that these may follow the 
— when itis being reduced laterally. ‘The upper 

orizontal roll is adjusted by power received through 
belts (one open the other crossed) upon the pulleys 
of the friction clutch # 4, and transmitted to the 
vertical screws / / by means of the gearing m m, x, 
0 0, p, and the vertical shaft 7. By means of the 
open and crossed belts these pulleys are revolved in 
opposite directions, and the centre-piece of the clutch, 
furnished with a slot and key arrangement, by being 
brought (through a lever not shown) in contact with 
either pulley will partake of its motion, and cause 
the shaft gearing and large screws to revolve in a 
corresponding direction. 

The upper roll is always held solid against its 
ow by means of the strapr and rods ss hanging 
from the yoke ¢, The yoke ¢is shaped so as to con- 
nect the heads of the two vertical screws // and to 
rise and fall with them so as to carry the idler p, the 
pinion x (Fig. 4), and to steady the shaft g, as well 
as to carry the upper roll. The large screws // are 
made with lin. pitch and the large wheels o o have 
64 teeth each. is is done in order that one of 
the wheels may be taken as a convenient gauge for 
showing the distance apart of the horizontal rolls ; 
every eighth tooth is marked and numbered, and as 
it passes a fixed pointer attached to the yoke ¢, the 
man working the clutch 4k can tell by eighths of 
inches the height of the opening between the rolls; 
he makes note, however, of each complete revolu- 
tion. At the lower end of each ey rey /iamale 
and female screw ~ w (with fine ) is fitted, 
The object of this is to enable the roller, at pleasure. 
to throw the upper roll slightly out of line so as to 
counteract any undue curving of the piece arising 
from bad heating. The pulleys v v communicate 
ae to the feed rollers on the Tables F F (see 
plan), 

The capacity of this train is nearly five times 
that of an ordinary two-high train. ‘Two heating 
furnaces supply this train, one an ordinary reverbe- 
ratory 6 ft. by 9 ft. bed, and the other a double 
Siemens 9 ft. by 11 ft. bed. ‘Train O rolls flat bars 
about Lft. by 7 in, cross section, and receives its 
— from two ordinary reverberatory furnaces. 

rains U and X produce large beams, channel bars, 
angles, and shapes, and may receive their piles each 
from a pair of Siemens’ furnaces, The dimensions 
of the furnaces for train U are 9 ft. by 9 ft. bed; those 
supplying X are double furnaces with 9 ft. by 16 ft. 
bed, The housings of these trains have open tops, 
and by means of a long-jib hydraulic crane changes 
of rolls are made with great expedition. Sixteen 
producers furnish gas for the Siemens’ furnaces. 

The friction clutch, Figs. 5, 6, and 7, although an 
admirable and successful device, designed by Mr. 
Kloman for reversing the motion of the universal 
trains at each pass, was a means which circumstances 
forced him reluctantly to adopt. It was necessary 
to run this train from an engine already on the 
ground, which for various reasons could not be 
made reversible. The construction and mode of 
operating the clutch is briefly as follows. 

Upon the engine shaft z (Fig. 5) is keyed the spur 
wheel A, which conveys motion to wheels B and 





C, the former running loose on the shaft S, 
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while the latter is tight on its shaft, and 
causes the spur wheel D to revolve with it. 
Through D motion is given to B! (which runs loose 
on 8), revolving it in a direction opposite to that 
of B. B and Br with their contrary directions 
form the friction wheels of the clutch proper, 
and upon their inner sides are attached the friction 
rings E and E!, whose inner pues are cut into 
grooves into which corresponding projections upon 
the friction segments F and Fr are made to fit. 
The construction of these friction segments is 
better shown in Fig. 7, which is an elevation of 
the inner side of B'; m, m', and mare radial arms 
from the boss 4 (tight on shaft S), which by means 
of slotted holes and bolts, shown at g, carry the 
segments F and allow of their motion out towards 
and back from the ring E. The segments F F! 
(Fig. 5) are three in number, and form nearly a 
complete circle, In the spaces between them work 
the arms &, £!, which also are three in number, and 
are equally spaced within the friction rings, E, E!. 
The axles or shafts as », o (Fig.7), upon which these 
arms swing, are screws, on one end of which is cut 
a right-hand, and on the other end a left-hand 
thread. These work into corresponding 
nuts at » and o in the ends of the friction segments 
F, F!. . The inner ends of these arms are connected 
to the sleeve r by means of the bars /,/! (Fig. 5). 
The sleeve r, furnished with a slot and key, 
causing it to revolve with S, moves backwards and 
forwards upon this shaft in obedience to the forked 
lever H, to which it is connected by means of the 
strap p. The operation of engaging and reversing 
the clutch is performed by a steam cylinder, of 
small diameter but long stroke, attached to the 
lever H. 

The straightening plates for the trains E, U, and 
X (see plan, Fig. 1) possess an important and 
somewhat novel feature, viz., the surface upon 
which the piece lies for straightening is not warped 
and rendered untrue by heating. The ‘ plate” con- 
sists of along cast-iron trough through which water 
is continually running. Along the upper edge of each 
side of this trough is —_ a groove to receive 
light narrow cast-iron plates. These plates placed 
side by side with their undersides always in contact 
with the water form the straightening surface and 
close the trough. The correctness of this surface 
is thus made to depend upon the trough iteelf, 
which never becomes hot, and hence never changes 
its shape. The lateral straightening of the bar is 
accomplished by side screws worked by handwheels 
which force the bar against a raised straight edge. 

Mr. J. L. Piper’s patent rivetless wrought-iron 
column is shown in detail in Figs. 8 to 12 of 
our two-page engraving, in which the cross 
sections of the four principal sizes given, 
together with the iculars on an enlarged 
scale, of the longitudinal joint. The shell of the 
column consists of four quadrants a a. of greater or 
less thickness, depending upon the desired strength 
of the column, and four joint strips 4 4. The 
quadrantsaa are of a shape easily rolled, the line 
ee being paralled to the axes of rolls. The raised 
strips at each end of quadrant are so formed that 
when the four quadrants are put together they form 
four dovetail ridges running the entire length of the 
column. The joint strips 44 are also rolled, the 
line dd being parallel to axes of rolls. When these 
strips leave the rolls, however, the jaws, which in the 
figure grasp the dovetail, are of course open, but 
before the iron cools the strips are run between two 
rollers that give these jaws a turn inward, leaving 
the distance between them great enough to allow of 
their slipping over the dovetail. In order to put 
the column together the quadrants are now placed 
edge to edge, forming the complete circle of the 
shell, the joint strips are one after another laid on, 
and each passed between two powerful rollers which 
set the jaws solid against the dovetail, thus holding 
all parts permanently in position. After this the 
ends of the column may be planed off accurately to 
give it the desired length. : 

The principal owners of the Union Mills are also 
the principal owners of the Keystone Bridge Com- 

y, which built the steel arched bridge across the 

ssissippi at St. Louis, and many other important 
bridges and structures in the United States. They 
are also largely interested in the Ed Thomson 
Steel Works, which have been described in these 
columns. Being also chief proprietors of the Lucy 
Furnaces, which we have fately described, and of 
important coke works and Lake Superior iron 
mines, they are among the most prominent of 
American ironmasters, The various mechanical im- 





pane by Mr. Kloman, some of which have 
een referred to, have been an important element in 
the success of the associated companies. 





LOCOMOTIVES AT THE PARIS 
EXHIBITION.—No. XII. 


Ira.y. 

Iraty exhibited but one locomotive at Paris, this 
being an engine constructed by the Wiener Loco- 
motiv-Fabrik Actien Gesel t, Vienna, for work- 
ing fast nger service on the Alta Italia 
Railway, the officers of that line being responsible 
for the designs. The engine has four-coupled 
wheels and a four-wheeled bogie at the leading end, 
while both cylinders and valve gear are outside, We 
shall hereafter probably illustrate this engine, but at 
present we propose to describe it generally, and to 
speak of some special features deserving of atten- 
tion. 

The engine has cylinders 16.93 in. in diameter 
with 22in. stroke, and the coupled wheels are 
5 ft. 114 in. in diameter, the tractive force being thus 


0.05 *5.=81.6 Ib. for each pound of effective 
pressure per square inch on the pistons. The 
—~ axles are placed at 7 ft. 64in. centres, the 
trailing axle being under the firebox, and the springs 
corresponding to these two axles being coupled by 
compensating beams. The four-wheeled truck at the 
leading end has a spherical centre bearing, such as 
was introduced many years ago on the Great Western 
Railway by Sir D. Gooch, and which has been ex- 
tensively used on the North-Western Railway of 
Austria, The truck wheels are 3 ft. 1? in. in diameter, 
and the total wheel base of the engine is 19 ft. 8} in. 
The wheels are all a very good job, the coupled 
wheels having the balance weights forged on. The 


axles also have very large bearings, those of the | P 


a axles being 7}in. in diameter by 9% in. 
ong. 

The valve gear is, as we have already stated, out- 
side, and it is of the Gooch type. The distance be- 
tween centres of valve spindles is considerably less 
than the distance between centres of eccentrics, and 
to accommodate this both the eccentric and radius 
rods have been made to incline inwards towards the 
leading end, the result being a somewhat objection- 
able oblique line of thrust. The crossheads are of 
wrought iron as are also the pistons, the latter being 
forged in two halves and welded together. The 
crosshead guides, connecting and coupling rods, de- 
tails of valve gear and eccentric straps are of 
Siemens-Martin steel, while the piston rods, crank 
and crosshead pins and eccentrics are of crucible 
steel. 

The boiler has a very large firegrate, the firebox 
being 7 ft. 1} in. long at the bottom by 3 ft. 3}in. 
wide, while the height of the crown above the grate 
is 5ft. Lin. in front and 3 ft. 52in. at the back. 
The crown is stayed on Belpaire’ssystem, The boiler 
barrel has a mean inside diameter of 4 ft. 1} in. and 
contains 179 tubes, 11 ft. 52 in. long between tube 
plates, the diameter of the tubes (which are of brass 
with copper ends) being 1.97 in. outside and 1.77 in. 
inside. As is the case with most Continental loco- 
motives the barrel carries a very large dome in which 
the regulator is placed. The principal proportions 
of the boiler (which is worked at a pressure of 
147 lb. per square inch) are as follows: 


sq. ft. 
1059 


1157 
22.6 


Heating surface: Firebox ... ee 
Tubes (external) 


Total an a 
Firegrate area - - on on 
Sectional area through tubes (disregarding 
ferrules) ae ss the <6. ove 
— of firegrate area to total heating sur- 
ace... eee eee eee see eee 
Ratio of sectional area of tubes to firegrate 
area... oe oo eee eee or 

Ratio of firebox surface to tube surface 1:10.8 

The firebox is of copper, and the boiler shell is of 
Stiermark iron of the best quality from the Mariazell 
works, the same quality of iron being also used for 
the frames. All rivet holes were drilled after the 
plates were put together, and all joints for fittings 
are scraped and filed. The weight of the.engine is 
36 tons empty and 40 tons in working order, and its 
general finish is very creditable to its makers. 

The engine as:shown at Paris was accompanied by 
asix-wheeled tender, and it was fitted for the purposes 
of the Exhibition with two arrangements of feed- 
water heater, it being intended, however, that one 
of these should be removed and replaced by an ordi- 
nary injector when the engine was set to regular 


3.09 
1:51.2 
1: 7.3 





service. Of these two apparatus that on the left- 
hand side of the engine was an arrangement de- 
signed by M. Chiazzari, the engineer of the Alta 
Italia Railway. The apparatus consists of a pump 
worked by arod and bell-crank lever from the trailing 
crank-pin, and having its suction pipe connected to a 
V-shaped pipe inserted in the ethauns pipe leading 
from the left-hand cylinder to the blast nozzle, the 
effect being that the water taken into the pump during 
its upstroke is heated by contact with the exhaust 
steam, and after being thus heated is by the sub- 
sequent stroke forced into the boilers, 

e other hot-feed apparatus on the right-hand 
side of the engine consisted of a Kirchweger appa- 
ratus for heating the feed-water by a portion of the 
exhaust steam, combined with an ingenious arrange- 
ment of injector designed by M. ne Mazza, 
an engineer on the staff of the Alta Italia Rail- 
way, for working with bot feed-water. This 
arrangement, which is of considerable interest, 
we illustrate by our engravings on page 24 
of the present number. As most pf our readers are 
no doubt aware the arrangement of feed-heater 
known on the Continent as Kirchweger’s, consists 
simply of a bifurcated exhaust pipe so arranged that 
a portion of the exhaust steam is directed from the 
blast nozzle and conducted to the tender. In our 
engravings on page 24 the pipe through which a 
portion of the exhaust steam is so led to the tender 
is marked K, 

The principle upon which the action of M. Mazza’s 
arrangement of injector is based, is as follows: It is 
well known that ordinary injectors will not work 
unless the feed-water is at such a temperature that it 
does not get raised, by the condensation of the steam 
used in working the apparatus, to a temperature of 
more than 212 deg., or the temperature at which 
ebullition takes place under ordinary atmospheric 
ressure. In other words, the initial temperature 
of the feed dependsupon the maximum final tempera- 
ture allowable. To enable hot feed-water to be 
used, M. Mazza adopts means to render permissible a 
higher final temperature, and this end he effects by 
working the injector under pressure, the suction 
pipe of the injector communicating with a closed 
chamber on the tender, and the overflow pipe being 
fitted with a spring-loaded valve, the load on this 
valve being about 30 1b. per square inch. The 
manner in which this mode of working is carried 
out will be readily understood on reference to our 
engravings on page 24, which show the apparatus 
as applied to the locomotive exhibited at Paris. 

Referring to Fig. 1 to 4 it will be seen that the 
tender tank is divided into two compartments by 
the partition N, this partition being fitted with a 
sluice valve H, by opening which the two compart- 
ments can be placed in communication with each 
other. Into the right hand, or smaller, compartment 
the branch pipe K from the exhaust is led, as already 
mentioned, this pipe being fitted with an air valve 
opening inwards so as to prevent water from being 
drawn into the exhaust pipes in the event of the 
condensation of the steam in the latter. A valve 
at the leading end of the engine enables a portion 
of the exhaust steam to be admitted to, or shut off 
from, the heating pipe at pleasure. The chimney Q 
is fitted to the hot-water compartment for permitting 
the escape of steam when the temperature has at- 
tained 212 deg. 

Below the tender tank is a strong cylindrical 
vessel which communicates with the hot water com- 
partment of the tender by the pipe D and valve E. 
This vessel also communicates by the copper pipe 
A and valve 8 with the steam space of the boiler, 
the pipe A having several coils at one point of its 
length so as to give it elasticity, while it is also so 
jointed between the engine and tender that it can 
readily be disconnected, The pipe A opens into the 
top of the cylindrical vessel above mentioned, a 
screen plate » being fixed in the latter just below 
the mouth of the pipe so as to prevent the influx of 
steam from agitating the water. This is said to be 
very essential to the proper working of the appa- 
ratus, as if the water and high-pressure steam became 
intermixed, the former could be raised to a tem- 
perature at which it would cease to be possible for 
the injector to deal with it. The vessel is also fitted 
with iron wire screens g g to prevent the water from 
being agitated by honk 

The action of the apparatus is as follows: The 
cylindrical vessel having been filled with hot water 
from the compartment of the tender tank with which 
it commuuicates, the valve E is closed and the 
steam cock B opened, thus establishing in the cy- 
lindrical vessel a pressure equal to that in the boiler. 
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Under these circumstances it is found that the 
injector—which draws its water from the vessel 
through the pipe C—can be easily worked even 
when the water is supplied to it at a temperature 
of 212 deg. Fabr. The form of injector employed, 
with its loaded relief valve V, is clearly shown by 
Figs. 5 and 6 on page 24. The pressure on the 
relief valve is adjustable as shown. When the 
contents of the cylindrical vessel have been delivered 
into the boiler, the injector is shut off, the valve E 
opened, and the steam from the vessel escaping into 
the tender tank, is condensed, and the vessel becomes 
again filled by the water flowing down into it. The 
water drawn from the hot-water compartment of 
the tender is, of course, made up by a further supply 
taken from the other compartment through the 
valve H. 
The arrangement we have been describing had 
reviously to the opening of the Paris Exhibition 
Tess at work for about a year ona locomotive on the 
Alta Italia Railway, and the record of eleven 
months’ working showed an economy of about 14 per 
cent, due to the use of the hot feed. In addition, 
certain benefits were also derived from the deposi- 
tion, in the hot-water compartment of the tender, 
of a portion of the ,solids contained in the feed- 
water, while the hot feed of course promotes the 
durability of the boiler. M. Mazza considers the 
apparatus to be especially suitable for engines work- 
ing goods trains or passenger trains making frequent 
stops, when the advantages of the injector are more 
felt. The arrangement is, however, stated to work 
well at high speeds also, and the condensation of 
steam in the cylindrical vessel is not found to be of 
importance. Altogether the arrangement devised 
by M. Mazza is of much interest, and it appears 
calculated to remove one of the objections which 
have been raised to the injector as a boiler feeding 
apparatus, namely, that it would not permit of hot 
feed-water being utilised. 








THE HOTCHKISS REVOLVING 
CANNON. 
(Continued from page 6.) 

WE may now proceed to consider the mechanism 
in the breech chamber shown in the combined and de- 
tached views (see illustrations pages 4 and 5 ante). 
The functions of this mechanism are as follows; to 
push the cartridge into the five barrels successively ; 
to rotate the barrels in such a way that in each com- 
plete revolution there shall be a pause to allow time 
for loading; to actuate the striker; and to extract the 
cartridge. These four operations are all controlled by 
the crank /', must bear exactly the proper relation to 
each other, and must be capable of repetition at in- 
tervals varying from 10 to 150 times per minute. 
addition to the foregoing, the proper manipulation of 
the moving parts connected with the hopper have also 
to be performed. This hopper is shown in Figs. 1 and 
6, and separately, Fig.17. Itis of brass, deep enough 
to receive five or six cartridges, and with the edges 
turned over to retain them in their places. It is 
placed on the breech chamber immediately over 
the trough M before mentioned, The lower end is 
shielded bya brass cover P hinged to the chamber, 
and below also hinged, but to the vertical side of 
the trough, is the valve P', Fig. 6, This valve has 
about the same length as the cartridge, and its 
function is to hold up the row of cartridges, as 
shown in the figure, excepting when a fresh one is 
required, when it drops to resume immediately its 
previous position. 

The crank /’, the bevel gearing /?, partly shown 
in Fig. 6, and the spindle F, receive and transmit 
the power from the operator to the various 
Taking the operations in the order given above, we 
have, first, loading. The gun being in such a 
position that the axis of one of the barrels coincides 
with that of the plunger M', a position in which the 
gun comes to a state of rest during each revolution, 
the small pinion m (Figs. 5, 6, and 14) imparts a 
forward motion to the rack m' attached to the body 
ofthe plunger M. Fig. 15 is a separate view of this 
detail; the planger Mis a hollow gun-metai cylinder. 
Parallel with it, and connected to it by a flat plate m’, 
is the rack m'. The position of this detail in the 
breech chamber is shown in Fig. 5, where it will be 
seen that the rack m’ lies in and traverses a groove in 
the chamber, and remains always in contact with the 
pinion m. Analternating motion is imparted to this 
wheel by means to be presently described, which has 
the effect of causing the plunger to advance and 
recede with each charge. On the front end of the 


plunger is a small finger m*. The object of this is to 





In | into the pinion m, before mentioned. Figs. 


parts. | withdraw it. 


hold up the valve P', and so shut off the cartridges 
in the hopper. If this were not done, the action of 
the plunger might be interfered with by cartridges 
getting out of place. As the plunger advances to 

ush home the cartridge, the finger m* a little to the 
ront forces up the valve and keeps it in the proper 
position until the plunger has completed its forward 
and backward movement, when the valve, freed from 
the finger, drops, and another cartridge enters the 
trough. So soon as the pl has forced the 
cartridge into the barrel as far as it can, the barrels 
beginning to revolve, and the base of the cartridge 
pressed against the inclined plane, as before de- 
scribed, the loading is completed by the turning of 
the barrels. 

The second operation is the revolution of the 
barrels. This is effected by the worm H (Figs. 4, 6, 
and 9) and the nut 4, on the end of the shaft B. 
The form of this nut is shown in Figs. 4 and 6, and 
in Fig. 18 a transverse section through the breech- 
chamber of a field gun. From this it will be seen 
that on the face of the nut are five hardened steel 
circular studs, lettered 4' to 65. These gearinto the 
cam H, the motion of which thus determines that of 
the barrels. The path of this cam is laid out with 
a straight section in half its length, the remainder 
having a uniform inclination. By means of this 
straight portion, the barrels are kept motionless 
at the desired period when the rest of the mecha- 
nism is in action. 

The third operation, that of firing, is very simple. 
In one piece, with the worm H, ‘is a snail G (Figs. 4, 
6, and 9) which operates the striker N'. This latter 
is a steel rod (Figs. 4 and 10), with a finger n, kept 
in its proper position by the slot in the cylindrical 
guide at the bottom of the breech. The end of the 
striker is in contact with a spring O (Figs. 4 and 12). 
This spring is hinged to the inside of the gun-metal 
cover of the breech d. The relative action of the 
three parts is as follows: Starting from zero in its 
revolution, the snail G gradually presses back the 
finger » of the striker, until the maximum point is 
reached, that shown in Fig. 4, the spring O being 
fully compressed, as shown. Immediately on pass- 
ing this point the finger is released, and the striker 
is thrown violently forward by the action of the 
spring. 

The fourth operation, that of extracting, is 
equally simple, though not so easily described. The 
mechanism is shown in Fig. 15. It consists of a 
rack L', to one end of which is attached a slotted 
link /, and at the other a crosspiece L is fixed, as 
shown in the figure. The position of the detail is 
indicated in Figs. 5, 6, 18, 19, 20. It will be seen 
(Fig. 6) that the rack L* slides in the recess pro- 
vided for it in the side of the breech so as to gear 
7 and 20 
show the side elevation of the extractor with the pro- 
jecting piece Lin the act of removing a cartridge. 
Fig. 19 is a front elevation of the extractor, with 
the position of the cartridge in a dotted circle. Move- 
ment is imparted by means of the crank I (Figs. 5, 
6, and 11). The crank is mounted on the shaft F, 
and is held by the locking-screws K (Figs. 6 and 
13). The stud at the end of the crank marked i, 
enters the slot of the link L, and with the revolu- 
tion of the shaft F gives the required motion to the 
extractor. This motion is not uniform, it being 
necessary to allow time for the cartridge to enter 
the jaws of the extractor, and to stop the traverse 
for that period during each revolution, Accord- 
ingly a part of the slot is curved to correspond with 
the throw of the crank as shown, but on passing 
this portion of the path the rack is advanced or 
withdrawn either to take hold of a cartridge or to 
The rack L!' drives the pinion m, 
which in its turn imparts the necessary reciprocat- 
ing motion to the plunger M. The face of the 
rack L' has upon it two jaws, concentric, and having 
the axis of the gun as a centre. These jaws 


are placed at such a distance apart that the 
baseplate of the cartridge can between 
them. After a round has been , the barrels 


make one-fifth of a turn, by which time the ex- 
tractor has advanced to its full extent, that is to 
say, almost in contact with the back of the disc C, 
beyond which the base of the cartridge slightly 
projects (Fig. 4). With the revolution of the 
barrels, this baseplate is between the jaws 
of the extractor (Fig. 19). The movement of the 
barrels is then arrested for a moment, while the 
rack and extractor carrying the cartridge case is 
withdrawn (Fig. 5). When the latter is clear of the 
disc C, it comes in contact with the projection D 





(Figs. 5 and6), formed in the breech chamber, andthe 


case is pushed from the jaws of the extractor to fall 
onthe ground. This mre the series of operations 
necessary for loading, firing, and extracting, and 
which can be repeated as often as desired from one 
round to 150 per minute. 

The manipulation of the gun is extremely simple, 
and will be understood by reference to the per- 
spective view and Figs. 1 and 6. It is supported 


by the trunnions formed on the frame, and these 
rest in bearings, of which two are given, 
that shown in the perspective view being perhaps 


the most convenient, ‘These bearings form a part 
of a forked standard V, Fig. 7, which terminates 
in a short column that rests in a socket bolted to 
the ship’s side. Movement in all directions can 
thus be given, and the weight of the piece bein 
only 200 kilogrammes, it can be manipulated wi 
ease by one man only. The gunner stands with 
the stock S against his left shoulder, grasping the 
directing handle T with one hand, and with the 
other turning the crank /', In this manner he can 
train the gun with great rapidity and precision, at 
the same time firing as fast or as slowly as he may 
desire, As a guide the firing point of each revolu- 
tion is indicated by a pointer on the crank /'. The 
hopper should always be kept well charged with 
cartridges, and for rapid practice a second man is 
necessary for supplying it. 

From the foregoing description of the construction 
of this gun its mode of operation will be easil 
understood. The cartridge hopper being charged, 
the gunner controlling the weapon so as to alter the 
direction instantaneously, turns the operating crank. 
The first part of this motion does not affect the 
barrels, but throws forward the plunger, and the 
cartridge is pushed from the ‘arteblgs trough partly 
into the barrel immediately opposite. The barrels 
then commence to revolve, carrying round the cart- 
ridge, which is gradually pushed into the gun by 
means of the inclined plane on the face of » 
breech-block, meanwhile the plunger recedes, hold- 
ing up, however, the small “ae which shuts off the 
cartridges in the iy from falling into the trough. 
When the loaded barrel comes opposite the dis. 
charging point, the striker is released, the shot 
fired, and the barrel makes one-fifth of a turn, to 

resent the cartri case to the extractor, which 
y that time has advanced just the proper distance 
to receive. There is another pause in the rotation, 
the case is withdrawn, and the barrel is — set 
in motion, Meanwhile, the operation of loading 
ant firing proceeds for each barrel in regular rota- 
ion. 

The following are the principal weights and di- 

mensions of the 37 mm. navy gun: 


Barrels : 
Number ... jee ove 5 
Calibre no baa 37 mm. (1.45 in.) 
Length ... sal ove .. 740 mm. (29.18 in.) 
eight of each barrel ... ied 14 kilos. (30.8 Ib) 
Rifling: 
Number of grooves... 406 12 
Depth ... oe ie oe 35 mm. (.0137 in.) 
Width of lands ... 2 mm. (.039 in 
Pitch in calibres 29.9 
Angle... ee 6 deg. 
Nature of rifling Uniform 
“ : 

‘otal weight of gun... «» 210 kilos. (462 Ib. 
Weight of pivot and socket ... 55 kilos. (121 Ib. 
Preponderance of «» 15.2 kilos. (33.40 63 
Pressure of stock eee 9.5 kilos. (20.9 Ib. 


The Hotchkiss field gun, while identical in its 
arrangement with that fre described, differs from 
it ina few points, to which reference may be made, 
These variations are shown by the pres view 
on page 25, and by Figs. 18, 19, and 20. They 
consist in i og t different ne tion 3 a4 
cartridge hopper, the su ssion of the stock an 
pata edit. and = Paifferent form of mani- 
pulating crank. The method of mounting, however, 
possesses some points of interest. The car-- 
riage is constructed entirely of iron and steel, except 
the wheels, and is furnished with special appliances 
for training the gun, The trunnions rest in @ 
bracket, free to turn around a vertical pivot placed 
in the frame in such, a way that the gun can be 
trained to make a small angle with the axis of 
the carriage, The elevating screw terminates at 
its upper end with a ball which rests in a socket 
beneath the breech of the gun. The screw can 
be moved laterally upon a spindle mounted be- 
tween.the side frame in such a way as to correspond 
with the horizontal angie te be given to the gun. The 
lateral movement is effected by means of a horizontal 
screw and a small flywheel, the gun turning upon the 





vertical pivot before mentioned to the right or left 
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THE MAZZA INJECTOR AND FEED HEATING APPARATUS FOR LOCOMOTIVES. 
(For Description, see Page 22.) 








































































































i 
according to the motion of the screw. The brake is 


arranged as follows: On each end of the axlea 
screw thread is cut on which are placed two nuts 


terminating in a hollow cone vhich fit tightly 
“corresponding cones on the inside of the bosses 
of the whee The nuts are connected to hand 


levers, and when locked into the fixed cones, they 
constitute a powerful and effective brake, the action 
of oo rea with the sare | oe bes 
tra e carriage is provided with a plate which 
enters the ground and checks any tendoney of the 
gun to turn around on the wheels. 


The following are the principal particulars of the 
field gun: 








Barrels: 
Material ... 
Calibre . 
Number ... ee 
Length of barrel 
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THE HOTCHKISS REVOLVING FIELD 


The weight of the carriage and accessories is 
460 kilos. (1012 1b.) and of the caisson equipped and 
carrying 900 rounds about 4300 lb. 


THE AMMUNITION. 

The ammunition used in these guns is shown in 
Figs. 21 to 26. Shot and shell are both used, the 
former being of steel, the latter of cast iron, and 
both of such weight as to be outside the limits 
set to explosive bullets by the International Con- 
vention. The cases are of brass .3 mm, thick, of the 
form sliown, and rolled so as to have a double 
thickness at the base, which is slightly contracted 
and the edges turned over and furnished with an 
inner and outer cup (Fig. 25). To the latter is also 
attached an iron disc, somewhat larger in diameter 
than that of the case, and fastened to the two cups 
by three rivets; in the centre a hole is punched to 
receive the percussion primer of which a section is 
given in Fig. 25. It is stamped up out of brass, 
and has a pointed cone in the middle descendiag 
nearly to the bottom edge of the body; in the top 
edge are three small holes to allow the flash from the 
fulminate to pass to the charge. The cap containing 
the fulminate is placed in the body, the point of 
the cone being almost in contact with the fulminate, 
which is exploded by the percussion of the striker. 

The projectiles, whether of steel or cast iron, 
are all carefully turned down to gauge, and about 
the middle of its length are covered with a brass 
sheathing. Under this sheathing the body of the 
shot has a number of grooves turned in it to relieve 
the friction, The shells are finished in a similar 
manner. 

Tue Percussion Fuze, 

Fig. 26 is a section of the percussion fuze em- 
ployed. It consists of a body of brass, the bottom 
of which enters the shell, and the upper part screws 
into the end of the latter. Within this body is 
a hollow lead cylinder surrounded by a brass 
sheathing to prevent it from spreading on the 
shock of discharge. From this cylinder proceed two 
wires, which pass down to the bottom of the 
body and are locked by a lead wedge, which thus 
retains the lead cylinder and prevents it from 





moving. In the top of the latter is a small cup 
filled with fulminate, and the cylinder itself is 
charged with powder. The body is closed at the 








GUN. 





top by acap, with a point on the inner side, The 
action of this fuze is as follows: The safety-wedge 
is dislodged backwards by the shock of discharge, 
the wires then being loose, the lead cylinder is dis. 
engaged, and rests at the bottom of the body, and 
is free to move in the line of axis. When the flight 
of the projectile is suddenly retarded by its strik- 
ing any object, the cylinder, in consequence of its 
inertia, is driven forward, and the ogee strikes the 
point of the cap, thus igniting the powder in the 
channel, and so firing the bursting charge of the 
ae . 

‘he following are the chief particulars of the 
37-mm. shells : 




















_ Navy Gun. | Field Gun. 
trid : m. | in. | mm. | in, 
aq “a pmo , 95, we oe $s 
Diameter of bod 89.7 |1. 7 (1. 
” so hese 44. {1.7382 | 48. |1.89 
Thickness of case 0.8 | 0118] 9.3) .0118 
Projectile : 
Length, we] 93. [8.06 | 10. lage 
Maximum diameter of grooves| 36.6 [1.44 | 36.6 |1.44 
Diameter at bottom ... e| 35.8 |1.41 85.8 |1.41 
Number of grooves | 10. | 893 | 10. | 39 
Width of ves | 0.8 | 0118) 0.8) 0118 
of sheathing ...| 80. {1.18 88. |1.49 
ae metal .., «| 0.6 | 0286) 0.6) .0236 
eights : grms.| oz. | grms.| oz. 
Weight of projectile ... | 410 | 26.60| 450 | 29.80 
“ charged fuze ...| 20 1.29) 55 8.56 
” bursting charge} 25 | 1.60) 25 1.60 
Total ... se ene] 455 | 29.49) 580 | 84.96 
Weight of empty case... | 95 | 6.10) 110 | 7.10 
eA charge... 80 5.10} 110 7.1 
Total weight of charged 
cet ti vie ret 630 | 40.69) 750 | 49.16 
eight of steel shot ... | 470 | 30.50 











The initial velocity varies from 402 metres (1318 ft. ) 
per second to 435 metres —_ ft.)—according to the 
quality of powder used—for the a gun, and from 
444 metres to 458 metres for the field gun. 

The following data as to range, deflection, devia- 
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PEgRFORMANCES OF THE HoTcHKISs REVOLVING CANNON. 






































Number Mean DeviATION. 
Eleva- of : Time of 
tion of | Rounds| Mean Range. Mean Deflection. Flight. 
Gun. | ‘Fired. Longitudinal. Lateral. 
deg. er yards. metres ft. in. metres. ft. in. metres. ft. in. sec. 
3 20 1199 1311.2 6.25left 20 6 14.8 48 7 88 210 3.5 
5 20 1614 1765.1 49 ,, 16 1 14.8 48 7 1.37 46 6.0 
8 19 2157 2358.9 64 ,, 21 0 18.3 60 0 141 48 8.9 
10 20 2616 2860.9 32.3 , (106 0 21.5 70 6 3.1 8 7 10.9 
12 19 2951 3227.2 60.8 4, 196 6 22.1 72 6 3.0 9 10 12.9 
15 20 3028 3311.4 |L"94 ,, 358 11 33.7 110 6 2.3 7 6 14.8 
20 19 3526 3856 513 ,, 168 3 32.2 105 7 5:3 17 4 18.8 
25 20 | 4133 4509 159.5 ,, 523 3 31.7 104 0 7.4 24 3 23.1 
35 19 | 4473 4891.7 72.0 right 236 2 55.3 181 4 - 6.7 22 0 29.0 
. Obliquity Penetrating 
TARGET. Thickness. of Fire. Range. REMARKS. 
Nature. in. deg. metres yards. 
0 3000 3289 |The shell provided with the 
( Thornycroft launch -236 } 20 280 3°62 Desmaret’s fuze burst in pass- 
! 30 2400 2624 ing through the .236 in. and 
Steel plates 4 0 500 1640 | .590 in. plate, and through the 
|‘ Friedland” type ..|  .590 2 400 1312 | oak targets of 3.937 in. and 
L 30 250 820 | 11.811 in., scattering its frag- 
Steel plate ... O44 0 ments behind these targets. 
~ am 866 aot point blank range 
- aa * 4000 4374 
Oak 3.937 {30 oe or 
‘ «| 11.811 0 800 875 |From 0 to 3281 ft., similar shell 
rn 11.811 30 400 437 | firedagainst planking 9.842 in. 
ne 18.110 0 point blank range thick, burst in passing, or 
ai 15.748 30 90 Ps directly after. 
Fired at water, the shell from 0 
to 3281 ft., burst in striking the 
first or second times. 








tion, &c., were obtained froma series of official trials 
conducted at Gavre with the navy gun: common 
shell was the projectile used, weighing 455 gr. 
(29.4 0z.), the charge of powder (French Ripault) 
80 gr. (5.5 0z.), and the initial velocity was 402 m. 
(1319 ft.) and the mean variation in velocity 1.49 m. 
(59.6 in.). 

The above Table, determined from exper:ment, 
shows the penetrating power of the projectiles with 
various targets, 

The thickness of oak required to stop the pro- 
jectile fired close to it is 27 in. The average penetra- 
tion of a shell in a wooden target of a greater thick- 
ness than 27 in. is 20 in. 

(To be continued). 


CLYDE SHIPBULLVING—1878. 

In accordance with our former practice, we proceed to 
lay »efore the notice of cur readers some interesting 
particulars regarding the Clyde shipbuilding trade for the 
past year—a subject which can scarcely ever fail to 
attract a large share of attention when the progress and 
condition of great industrial arts are under considera- 
tion. 

Viewed in several lights the past year’s work on the 
Clyde, more especially when considered in connexion with 
the present condition and the prospects of the trade in 
the immediate future, does not in all cases arouse the 
most pleasing reflections; but still there is one grand 
fact in connexion with it, which is that upwards of 
221,000 tons of shipping were launched during the year, 
whereas almost all other branches of trade throughout 
the country were in a very despondent state on account 
of the limited amount of work in hand, and the very dull 
future prospects. On the whole, therefore, much room 
exists for congratulation that things have not turned 
out so unsatisfactorily as was expected by certain 
prophets of evil. The amount of shipping launched last 
year exceeded the tonnage turned out in the preceding 
year by fully 53,000 tons ; but against that fact it must 
be stated that the year 1877 was much more noted for 
the interruptions to work caused by wages disputes than 
the year just closed, in consequence of which a certain 
proportion of the work that would, in the natural order of 
things, have been credited to the year 1877 has to be in- 
cluded in the tonnage launched in the year just closed. 
But, on the other hand, it should be mentioned that last 
year’s tonnage was in excess of that of the year 1876 by 
well-nigh 17,000 tons, and in only two instances, namely, 
1873 and 1874, has the tonnage launched materially ex- 
ceeded that of the past year, the totals referred to being 
261,500 tons and 266,800 tons respectively. The pro- 
spects of the immediate future are certainly not very 
oright, but into that phase of the subject we do not intend 
at present to enter. 

There are well-nigh forty shipbuilding firms on the 
Clyde, several of which, however, are only in a small 
way of doing, their work being chiefly if not exclusively 
the construction of yachts and other small craft; but 
notwithstanding the fact that there are such a large 























number of firms engaged in the shipbuilding trade, only 
one of them—that of Mr. John E. Scott, Greenock —had 
to succumb on account of financial difficulties during the 
past year, which was undoubtedly one of the most 
memorable in the country’s history in connexion with 
banking and commercial failures. There were certainly 
two firms that came in fora financial “ squeeze,” but the 
work is in both cases going on as usual, thus showing 
that the difficulties were only of a temporary, character, 
while one of the firms embraces shipbuilding as only a 
part of its operations, and it was not on that portion that 
the financial difficulty arose. It will thus be seen that 
the Clyde shipbuilding trade is carried on with that 
degree of caution which is regarded as being cha- 
racteristic of Scotchmen generally, and not with the 
recklessness that has been far too often displayed in other 
branches of business, both in Scotland and elsewhere. 

The work turned out by many of the firms during the 
past year did not exceed 5000 tons, and in one or more 
instances it ranged down to 100 tons or little more. On 
the other hand several of the long-established and well- 
known firms launched a very large amount of tonnage. 
In some former years the post of honour was occupied 
by Messrs. John Elder and Co. and by Messrs. Caird 
and Co. For example, the first-named firm launched 
31,016 tons of shipping in the year 1874, and a still higher 
total, namely, 31,889 tons in the year 1871; in respect, 
however, of the work turned out during the past year the 
firm of John Elder and Co. stands only third on the list, 
with 18,235 tons. Messrs. William Denny Brothers, 
Dumbarton, stand in the place of honour, with 22,048 
tons, while Messrs. Barclay, Curle, and Co. are in the 
second place, with 20,707 tons. There were eighteen 
vessels launched by Messrs. Denny Brothers, and eleven 
each by the other two firms, thus showing a very high 
average tonnage. The following are the returns from a 
few other firms in respect of the past year’s work: 
Messrs. A. McMillan and Son, Dumbarton, eight vessels, 
14,172 tons; Messrs. Alexander Stephen and Sons, 
twelve vessels, 13,682 tons; Messrs. James and George 
Thomson, eight vessels, 12,600 tons; London and Glas- 
gow Shipbuilding and Engineering Company (Limited), 
seven vessels, 12,061 tons; Messrs. Charles Connell and 
Co., six vessels, 10,479 tons ; and Messrs. Caird and Co., 
four vessels, 9015 tons. 

The Clyde still maintains its reputation for building 
splendid specimens of vessels of war, and, as in some 
former years, Messrs. Elderand Co. occupy a prominent 
position in regard to that class of work in the past year’s 
returns. They launched no fewer than six vessels of the 
Comus class of corvettes, each of 2377 tons, three of 
which they supplied with engines of 450 horse power 
nominal in each ease, the other three sets being 
contracted for by Messrs. Humphry, Tennant, and Co., 
London. Those vessels were of quite a new type, being 
plated with Siemens steel and then sheathed with teak- 
wood. The aim in designing them was that they should 
be used in the protection of British commerce and other 
interest on foreign stations, Messrs. Elder and Co, also 
built two composite steel and teakwood gun vessels, of 
243 tons each, for the Dutch Government, and to be em- 





ployedin the protection of the Dutch colonial trade at Java. 
Each of those vessels was supplied by the builders with 
engines of 60 horse power nominal. For the Sultan of 
Zanzibar Messrs. Denny built a composite armed steam 
yacht, which is intended for the pursuit of slave traders ; 
and Messrs. Hanna, Donald, and Wilson, Paisley, built 
for the British Government a torpedo boat of 50 tons, 
which they also supplied with engines of 30 horse power. 
The tonnage in war vessels launched during the past 
year thus reaches to a total of 15,548 tons, a larger 
amount than has been turned out for a number of years. 

_ In paddle-wheel steamers the turnout of the past year 
stands favourable comparison with the work of recent 
years. There were in all twenty such steamers launched 
on the Clyde of a total of 7844 tons, numbers which show 
that the average size was not very great, certainly 
not as great as in some former years. They were as a 
rule specially built for channel and river passenger 
service. Two of them were steel-built vessels — the 
Brighton and Victoria—each of 531 tons with engines of 
330 horse power nominal, built and engined by Messrs. 
John Elder and Co., for the London, Brighton, acd South 
Coast Railway Company, whose former vessels were con- 
structed chiefly on the Thames, on the Tyne, and at 
Havre. ‘The two vessels just referred to were specially 
designed for the company’s passenger traffic between 
Newhaven and Dieppe. For the Great Eastern Railway 
Company a splendid paddle steamer—the Prince of Wales 
—of 1098 tons and 400 horse power, was built by the 
London and Glasgow Shipbuilding and Engineering 
Company. The company’s fleet, consisting of eleven 
vessels, was all built on the Thames, with the exception 
ofthe vessels just referred to, and the Claud Hamilton, 
which was also built on the Clyde three years ago. 
Certainly the finest paddle steamer built on the Clyde 
during the past year was the Columba, a successor to 
the famous line of Ionas, so long employed in the well- 
known tourist route from Glasgow to the West Highlande, 
by Messrs.D. Hutcheson and Co. A vessel of splendid 
proportions, and of 600 horse power, she was built of steel 
by Messrs. Jas. and Geo. Thomson, by whom she 
was also supplied with engines of 250 horse power. The 
Brodich Castle, 248 tons and 150 horse power, is also a 
—— paddle steamer. She was built by Messrs. 

McIntyre and Co., Paisley, for the mail and passenger 
service between Ardrossan and Arrdu. Most of the 
other paddle steamers were built for various departments 
of the foreign and colonial trade. Several were shipped 
in pieces to their respective destinations, two of them 
being vessels of 800 tons each, and one of 470 tons, built 
by Messrs. William Denny Brothers. 

The tounage of screw steamers launched last year 
shows a great increase over the same kind of tonnage 
launched in any year since 1874. For 1878, it stands at 
127,510 tons, as against 73,000 tons in 1877, 73,840 tons 
in 1876, 107,510 tons in 1875, and 178,000 tons in 1874, 
when the development of the Suez Canal traffic was be- 
coming the most remarkable feature of the intercourse 
between the great continents. The average tonnage of 
the screw steamers launched on the Clyde last year was 
fully 982 tons, as against 702 tons in 1877, 890 tons in 
1876, and 951 tons in 1875. Of the screw steamers 
turned out in 1878, no fewer than nine, of a total of 
16,893 tons, were built for the British India Steam Navi- 
gation Company of Glasgow, one of them being the 
Manora, of 3242 tons and 500 horse power, which, together 
with other five, was built by Messrs. Denny Brothers, 
two of the smaller ones being built by Messrs. A and J, 
Inglis, and one by Messrs. Caird and Co. For the Sun 
Shipping Company, of Liverpool, three screw steamers, 
of a total of 8054 tons, were built during the year, two of 
them by Messrs. Chas. Connell and Co., and the other by 
the London and Glasgow Shipbuilding and Engineering 
Company. They belong to the “ Hall” Line of Mersey and 
Bombay traders, and are called the Rydal Hall, the Speke 
Hall, and the Weston Hall. As regards aggregate ton- 
nage in screw steamers launched in 1878, Messrs. G. and 
J. Burns, Glasgow, stand third. There were four vessels 
launched during the year for that firm, one of which, the 
Gallia, 5200 tons and 700 horse power, was built for the 
Cunard Line. It is not ouly the largest and finest vessel 
in that line, but, after the Great Eastern, it is one of the 
largest vessels afloat. All the four vessels referred to 
were built by Messrs. J. and G. Thomson. For Messrs. 
Cayzer, Irvine, and Co. of Liverpool, there were built last 
year three very fine new screw steamers, each of about 
2100 tons, and with engines of 250 horse power nominal— 
two by Messrs, Stephen and Sons, and the other by 
Messrs. McMillan and Son. They are called the Clan 
Alpine, the Clan Fraser, and the Clan Ronald, and are 
the first three vessels of a fleet of steamers intended for 
the trade between Glasgow, Liverpool, and Bombay. 
After withholding orders for new vessels for a time, the 
Peninsular and Oriental Steam Navigation Company got 
a splendid screw steamer built last year by Messrs, Caird 
and Co., the Kaiser-i-Hind, 4023 tons and 625 horse 
power. Three vessels were added during the year 1878 
to the fleet of the British and African Steam Navigation 
Company, of Glasgow—the Gaboon, 1863 tons, and 280 
horse power, built and engined by Messrs. John Elder and 
Co. ; the Lualaba, a similar vessel, and the Ramos, a small 
coasting vessel, both built and engined by Messrs. Cun- 
liffe and Dunlop. As an addition to the “City” Line of 
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East Indian traders owned by Messrs. George Smith and 
Sons, Glasgow, there was built last year, by Messrs. 
Barclay, Ourles, and Oo., a splendid steamer of 3426 tons, 
and supplied with engines of 500 horse power. ' She is 
named the Oity of Khios. For the Union Steamship 
Company, of Southampton, Messrs. Denny Brothers built 
the Pretoria, which is now the largest vessel in that com- 
pany’s fleet of Cape mail steamers—3199 tons, and 500 
horse power. The “Glen” Line of China tea clippers, 
owned by Messrs. Allan C. Gow and Co., of Glasgow and 
London, was increased by the addition of the Glencoe, 
3000 tons and 500 horse power, which was built and 
engined by the London and Glasgow Shipbuilding and En- 
gineering Company. She is the tenth of the fleet, and is 
expected to make her mark in the next China tea race. 
Another very magnificent screw steamer, built on the 
Clyde last year, is the Reina Mercedes, 8060 tons, and 
450 horse power. Built by Messrs McMillan and Son, 
she was named after the late Queen of Spain, and is the 
largest steamer in the Spanish mercantile navy. She 
belongs to a Bilbao firm, who are the owners of a fleet of 
other seven steamers, all built on the Tyne, and em- 
ployed in the Spanish mail service between Cadiz and the 
Philippine Islands. The same builders also constructed 
during the past year the largest steamer in the Italian 
mercantile navy, the Umberto L, 2752 tons and 600 horse 
power. This vessel is owned by Messrs. Rocco, Piaggie, 
and Figlio, of Genoa, and is intended for the Italian mail 
service between that port and Rio de la Plata. For the 
Hamburg-American Steam Shipping Company, two ves- 
sels—the Saxonia and the Teutonia—each of 1600 tons 
and 200 horse power, were built last year by Messrs. 
Caird and Co., for the trade between Germany and the 
West Indies. Four steamers, each of 357 tons and 75 
horse power, were built by Messrs. Thomas Wingate and 
Co., to the order of Messrs. J. A. Shepherd and Co., Lon- 
don, for the Indian river and coasting service. Various 
other firms got two, three, or four screw steamers, 
generally of small size, built during the year; and in 
numerous other cases, owners were supplied with one 
vessel each, 

As is well known, the Clyde shipbuilders have never 
devoted themselves to the construction of tug steamers 
on the same system as that pursued on the Tyne, and, 
indeed, the Clyde has long been supplied with a great 
proportion of its towing fleet from the Tyne. During the 
past year, however, no fewer than ten tug steamers were 
built on the Clyde, and with the exception of one, a 


paddle vessel of 135 tons, built for Liverpool owners, dem 


they were all screw tugs, four of them being built for 
Clyde owners, one for London, and the rest for India, 

Though rather under the average of recent years, the 
steam dredging plant built on the Clyde last year, again 
formed a prominent feature of the work executed. For 
the Dutch Government of Batavia there were constructed 
no fewer than six hopper barges, each of 420 tons and 75 
horse power, five of them by Messrs. William Simons and 
Co., and the other by Messrs. Wingate and Co., who also 
built for the same owners a steam dredger of 400 tons 
and 75 horse power, For the South Australian Govern- 
ment of Adelaide, Messrs. Simons and Co. also built a 
dredger of 700 tons and 100 horse power, and two hopper 
barges, each of 260 tons and 60 horse power; and the 
same firm likewise constructed a dreiger of 600 tons and 
75 horse power to the order of the London, Brighton, 
and Dover Railway Company for their Newhaven harbour 
improvements. Two hopper barges, each of 384 tons 
and 60 horse power, were built for the Suez Canal Oom- 
pany by Messrs. Lobnitz, Caulborne, and Co., Renfrew; 
and a small dredger of 40 tons was constructed by 
Messrs. Murdoch and Murray, Port-Glasgow, to the order 
of Messrs. Rait and Lindsay, engineers, formerly of 
Glasgow and now of London. 

The dull times do not seem to have exerted any 
material check on that kind of luxury known as “keep- 
ing a yacht,” which many people indulge in who can 
afford it. No fewer than eleven steam yachts were built 
on the Clyde last year, one of them being a vessel of 
490 tons, while there was another launched of 700 tons, 
Both of them were built by Messrs. Steele and Co., 
Greenock. The eleven steam yachts ran up to an average 
tonnage of fully 126 tons. There were also five sailing 
yachts built during the year, one of which was a vessel 
of 160 tons, built by the famous Fyfe of Fairlie, for 
Mr. John Clarke, Paisley, 

Speaking of sailing yachts leads us to mention a few 
facts regarding the sailing vessels of the merchant navy 
built last year. The amount of iron sailing tonnage 
built when coals were very dear rose very rapidly from 
10,320 tons in 1871 to 68,500 tons in 1874, 102,136 tons 
in 1875, since which year there has been a somewhat but 
not equally rapid decline, namely, to 96,880 tons in 1876, 
75,200 tons in 1877, and 59,509 tons in the past year, the 
number of vessels iron-built being 49, thus showing a 
high average tonnage. There were also 39 barges built 
last year of a total of 3620 tons, and two wooden vessels 
of a total of 260 tons. The most prominent feature in 
connexion with the iron sailing vessels Jaunched last year 
is the fact that as many as five such craft of the four- 
masted type were added to the fleet of ‘“ County” liners 
owned by Messrs. R. and J. Craig, of Glasgow, three of 
them being vessels of about 1720 tons each, and the other 
being vessels of 1950 tons, They were built by Messrs. 


Barclay, Curle, and Co. A number of other firms got at 
least two large vessels each during the year, and there 
were many other firms that got one each, a goodly 
number of the vessels being very large, ranging from 
100 tons up to 1976 tons. 

In a subsequent article we shall have some additional 
particulars to mention, bearing chiefly upon the imme- 
diate prospects of the Clyde shipbuilding trade. 





FOREIGN AND COLONIAL NOTES. 

The United States Navy.—The estimates for the support 
of the United States Navy for the next fiscal year are 
about 14,000,000 dols. As there are some old vessels not 
worth repairing, the secretary of the navy will probably 
recommend that they be sold, and the proceeds applied to 
the general fund for repairing other ships which can thus be 
ren more serviceable. The navy is in much better 
‘condition now than it was a year since, and it is well 
adapted to a peace establishment. In case of war with a 
foreign power, ninety vessels available for hostile purposes 
cond os once be supplied. These include fifteen monitors 
and six frigates for coast defence, together with two torpedo 
boats, experiments with which show their efficiency for the 
purposes intended. 

Coal in 5 a gr yo meg Senate has just approved 
a law providing that in future all the public services of 
Spain are to use Spanish coal exclusively. English coal 
will thus lose, to some extent another outlet, although it is, 
of course, still open to Spanish private consumers to 
employ it. 

The Pennsylwania Iron Trade.—An improved state of 
affairs is reported from Pittsburgh and its vicinity. Of the 
twelve furnaces in the city eight are in blast. The produc- 
tion of these is stated to be the largest ever known. Three 
new furnaces are to be built by the Edgar Thomson Steel 
Works, and another by the Cambria Iron Company. The 
latter corporation are also about to og in blast one of their 
old furnaces, which has been idle for several years. 
Schuylkill county is feeliug the effects of the revival. The 
Pottsville Spike and Bolt Works are filling an order for six 
miles of portable railway track for Cuba; Pott’s Orchard 
Iron Works are building several engines ; Allison’s Franklin 
Tron Works at Port Carbon are busy on western orders ; 
‘Messrs. Atkins Brothers are eng in a new 400 horse 

wer engine at their Fish Rolling Mi'ls, and propose 
by oxtend their works both in the form of new buildings 
and new departments ; the Coalesville Mills are running 
on full time, and are unable to keep up with orders re- 
ceived. 

Metropolitan Elevated Railroad of New York.—The 
of Messrs. Clarke, Reeves, and Co., of Phoenix- 
ville, Pennsylvania, has taken a contract for the con- 
struction and erection of a section of four miles of the 
Metropolitan Elevated Railroad of New York City, besides 
some scattered sections, which will bring the whole contract 
up to about five miles of line. This contract will cause the 
Phoenix Iron Works to be run to their full capacity during 
the whole winter. About 12,000 tons of iron will be re- 
q Z 

fron in India.—About eighteen years since two attempts 
were made to introduce in India the manufacture of iron on 
the European system, the first being the Kumaou Iron 
Works, and the second similar works started by Colonel 
Keatinge at Barwai, on the Nerbudda. In both of these 
cases it was ex that the abundant ore migkt be 
reduced to iron by the use of charcoal from the large 
forests surrounding the works, but it turned out, unfor- 
tunately, that the cost of production was too high for pro- 
fitable working. The latest effort of English enterprise in 
this direction is the establishment of the Bengal Iron 
Works Company. Formed in 1874, when iron in England 
commanded prices unprecedentedly high, this company 
selected for its operations a much more favourable situa- 
tion. Purchasing a property on the Burrakur branch of 
the East Indian Railway in the midst of the best collieries 
of the Bengal coalfield, and surrounded by abundant and 
easily accessible supplies of good ironstone, the Bengal 
Iron Works Company faced bpow f the troubles and diffi- 
culties inseparable from the establishment of a new in- 
dus in ia. These difficulties have been overcome, 
and product of cast iron from the furnace now work- 
ing has, during the past nine months, been satisfactory. 
The iron isalso of good quality. 


Steel Rails on the Central Pacific Railroad.—In the 
course of 1877, rather more than 123 miles of track were 
relaid with steel rails on the Central Pacific Railroad. 

The Fives-Lille Company.—This company maintained a 
fair amount of activity in its workshops during the years 
1877-8, and the amount of wages paid during this period 
was somewhat larger than in 1876-7. But the company 
was often obliged to work at comparatively unremunerative 
rates in consequence of the growth of competition in all 
directions. ‘The disposable profits of 1877-8 were 15,3031. 
The company obtained at the Paris Exhibition of 1877-8 
four old 2 medals and a silver medal. The dividend for 
1877-8 has been fixed at 11. 4s. per share. 


The East River Bridge.—The East River Bridge is in a 
bad way. The Board of Trustees have not been able to 
get together a quorum for three months. The receipts of 
the treasurer of the company last month amounted to only 
3921 dols., most of which was for rents. The expenditure 
amounted to 40,549 dols. The existing liabilities are 
130,000 dols:, and these are daily increasing. The total 
receipts thus far have been 10,106,251 dols. ; the total ex- 

nditure, 10,076,986 dols. the amount received, 

rooklyn has contributed 6,878,966 dols., and New York 
been rapid]: 


3,000,000 dols. Labourers have 


pended for the winter on the masonry in Brooklyn, and the 
masonry on the New York side is being put into shape to pro- 
tect it from the weather. There are about 150 men remain- 
ing at work on the - and most of these are engaged in 
wrapping the cables. Unless the Legislature dues some- 
thing to relieve the board of its present financial embarrass- 
ments, the work will have to be abandoned for a time. 


es for the Northern of France Railway. — The 
Northern of France Railway Company has just ordered 
3300 tyres from the Creus6t Works. 


South Australian Harbour Accommodation.—A report 
of a Board of Advice on harbour accommodation in South 
Australia recommends the erection of a detached curved 
breakwater, 3500 ft. in length, at Largs Bay (Semaphore), 
which will afford protection to ocean steamers, and the 
construction of a new jetty 4500 ft. long, 15 ft. wide, with 
a solid end 500 ft. long and 30 ft. wide, to form a break- 
water for the convenience of small steamers. 


American Steam Shipbuilding.—The iron steamship 
State of California, built for the Pacific Coast Steamship 
Company, was successfully launched at high water on De- 
cember 5, from the shipyard of Messrs. Cramp and Sons, at 
Kensington, Pennsylvania. The California, which is built 
under the rules of the British Lloyd’s, is 320 ft. long, 37 ft. 
beam, and 26 ft. depth of hold. 


Permanent Way on the Eastern of Massachusetts.—In 
the road bed and track of the Eastern Railroad of Massa- 
chusetts, an improvement is everywhere manifest, as com- 
pared with its condition a year since ; and a great deal of 
work has also been done which is not so evident at first 
sight, but which is none the less important. The standard 
of excellence is being gradually raised. Steel rails only have 
been used in the renewal of the track. During the past year 
1479 tons, equal to 16 miles, have been laid, making the total 
length of track laid with steel 123 miles. It is estimated 
that 1600 tons will be sufficient for the coming year. 
Over 86,000 new ties have been put inte the track, and this 
is probably more than will be required next year. A con- 
siderable amount of work has been done in re-arranging 
the side tracks at several stations, with the view of increas- 
ing facilities, and at the same time of reducing the number 
of cross-over tracks and side tracks opening out of the main 
tracks. In this way about sixty switches have been taken 
out of the main track, and to just that extent the possi- 
bility of accident from misplaced switches has been removed. 


The Ble Star Line.—The following vessels are now 
engaged on the Blue Star Line of steamers between Phila- 
delphia and Liverpool: The Devonshire, the Costello, the 
Naples, the Timour, the Suez, the Antonio, and the Athens. 
Two of these vessels will depart from each end of the line 
weekly. Itis understood that after March Ist six other 
vessels will be added to the line, viz., the Lord Clive, the 
Lord Gough, the Tuscany, the Sicily, the Thessaly, and the 
City of Bristol, so that tri-weekly sailings will be made. 
The vessels of the Blue Star Line have been specially fitted 
up for the conveyance of dead meat ; next spring they will 
be altered, so as to carry cattle on the hoof as well as dead 
meat. 


Quartz Mining in New Zealand.—The future of gold 
mining industry in New Zealand will very much depend on 
the success of the crushing of the quartz cement or other 
matrix of gold. There has been a very marked increase in 
machinery applied to this purpose during the year. The 
stamp mills engaged in crushing cement have increased 
from 187 to 225. ‘This increase is mainly due to active 
operations going on at the famous Blue Spur, Tuakpeka 
District, Otago, from which a greater quantity of gold has 
been taken during the past twelve months than for any 
similar period before. In the machinery employed in 
uartz-crushing the increase for the colony has been from 

steam engines, with an aggregate horse power of 1776 
horses, to 83 steam engines, with an aggregate horse power 
of 2157 horses, and from 1344 stampers to 1366, while the 
number of men engaged in quartz mining has increased 
from 2558 to 2882. With regard to localities where quartz 
mining is principally carried on, viz., Thames (Auckland), 
Reefton, Nelson south-west mining districts, and Cromwell 
and Macetown (Otago), it may be said of the Thames that, 
although the yield averaged 9('00 oz. per month for the year 
ending March, 1878, yet, as it is only from two to three 
mines, and will not maintain the annual yield of former 
years, it has become very desirable that fresh discoveries 
should be made so as to retain the population now settled 
there. A proposal’ has been made to drive a tunnel two 
miles long through the country behind the present mines. 
This would cut across all the known auriferous lodes. 


Locomotives on the Eastern of Massachusetts Railroad. 
—During the year ending September 30, 1878 four new 
Mogul freight engines se 18 in. by 24in.) were pur- 
chased of the Rhode Island Locomotive Company by the 
Eastern Railroad Company of Massachusetts, to replace 
four old and much smaller ones which were condemned. 
A new locomotive, which has been building in the shop, 
has been finished, and put into service. ‘The road is now 
quipped with | tive power sufficient for its present 
business. 


Steam Navigation on the Danube.—The principal com- 
pany running steamers on the Danube did very well in 
1878. After making ample provision for depreciation of 
plant and reduction of debts, the council of administration 
was enabled to recommend a dividend for 1878 at the rate 
of 10 per cent. per annum. This result is largely attribut- 
able to the excellent harvest secured in 1878 in the districts 
watered by the Danube. 

The Belgian Coal Trade.—Deliveries of coal are being 
made with tolerable regularity in the Belgian basins. At 
Liege and Charleroi, sales are taking place with a readiness 
which has checked complaints for a time on the part of 
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THE NICOLAIEFF DEPOSITING FLUATING DOCK 


STANDFIELD, AND CO, ENGINEERS, LONDON. 
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(For Description, see Page 29.) 
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Tue horizontal engine (30 to 40 nominal horse power) 
which we illustrate to-day by outline engravings above 
was one of those employed at Paris in driving the 
machinery in the Belgian Section. It was exhibited by 
its maker, M. E. Walschaerts, of Brussels, whose name 
is well known in this country in connexion with his 
system of locomotive valve gear, and upon whose patent it 
was constructed. The special feature about this type of 
engine, which is of simple and straightforward design, is 
its steam-distributing apparatus. The cylinder is 
jacketted, the steam passing through the jacket on its 
way to two admission valves, which are of the double- 
beat type, placed on the top of the cylinder. These 
valves are opened by eccentrics upon a revolving longi- 
tudinal lay shaft by the action of a catch forming part 
of the eccentric rod, upon a small plate attached to the 








HORIZONTAL ENGINE, AT THE PARIS 
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outer end of a horizontal lever, whose inner end lifts the 
valve. By the intervention of the simple gear, shown in 
Fig. 2, the position of the eccentric rod is determined by 
the governor, and the different parts of the gear are so 
proportioned that any change in this position affects only 
the time of disen ent, and not that of admission. 
As soon as the catch is tripped, the valve is shut by a 
spring in the usual way. It will be seen that the whole 
gear very closely resembles the Sulzer gear in its 
original form, somewhat simplified. Instead, however, 
of using similar valves for the exhaust, M. Walschaerts 
employs gridiron slides, placed below the cylinder, and 
connected together and worked simultaneously by a 
single spindle (Fig. 1). These valves receive motion 
only towards each end of the piston’s stroke, remaining 
stationary in one or other of two positions during the 





EXHIBITION. 


rest of the time. On the underside of the piston-rod 
head are formed two inclined planes, one of which, at 
each end of the stroke, comes in contact with and presses 
down aroller upon the end of a rocking lever which is, 
in the fashion shown in Fig. 1, connected to the valve 
spindle. ‘Phe gear is arranged so as to work at any cut- 
off between 0.0 and 0.85 of the stroke. There is a special 
connexion with the governor provided, which at once 
cuts off steam in the event of the governor ceasing to 
act through any cause, 

The condenser and air pump are placed below the bed- 
plate. The pump is single-acting, worked from the 
crank-pin through the system of levers whose centre lines 
are shown in Fig. 1. The vacuum attained is said to be 
very good. 

M. Walschaerts has supplied a number of engines 
constructed upon the system illustrated to manu- 
facturing firms in Belgium. The largest size made has 
been 200 horse power, and trials upon this engine have, 
we are informed, shown its consumption to have been 
only 0.82 kilos. (1.8 lb.) of common coal per indicated 
horse power per hour, including all fuel burnt during 
stoppages. We have before us, however, only the broad 
results of these trials, and not the particulars of them. The 
ratio of brake to indicated horse power was over 90 per 
cent. Considerable pains seems to have been taken in 
designing the engine to make all the parts accessible and 
easily removable in the event of any change being re- 
quired. 





THE NICOLAIEFF FLOATING DOCK. 

NEARLY three years ago (vide page 312 of our twenty- 
first volume) we published in this journal a paper read 
by Mr. Latimer Clark, hefore the Institute of Naval 
Architects, describing the Nicolaieff Depositing Floating 
Dock, which was at the time being constructed by his 
firm—Messrs, Clark, Standfield, and Co.—for the Russian 
Government. More recently we have had the pleasure 
of recording the successful performance of this dock, a 
structure which, from the novelty and boldness of its 
design, possesses more than ordinary interest. These 
notices we now supplement by a perspective view on 
the opposite page, showing the dock carrying one 
of the Russian circular ironclads—the Novgorod — 
our engraving having been prepared from a photograph 
taken in September last. The Novgorod is 101 ft. in 
diameter, and weighs 2450 tons, while subsequently the 
dock was also successfully used for raising the other 
circular ironclad, the Vice-Admiral Popoff, which is 
121 ft. in diameter, and weighs 3850 tons. Inasmuch as 
we gave in connexion with Mr. Clark’s paper, already 
referred to, illustrations showing fully the construction 
of this dock, and the mode of operating it, it will be un- 
necessary to redescribe it here, but we may state that it 
appears to have met very successfully the difficulty of 
dealing with exceptionally broad vessels. The Nicolaieff 
dock can deal with vessels of 150 ft. beam, and the system 
upon which it is constructed is such that it can be very 
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readily extended to take any greater widths or lengths 
required. It is, moreover, capable of depositing the 
vessels lifted by it on fixed stages erected along the shore. 
In these days when there are decided indications of a 
growth in the beam of our ironclads, the system of dock 
introduced by Messrs. Clark, Standfield, and Co. promises 
to be of much value, as when a dock of this kind is 
available the restrictions in width which ordinary grav- 
ing docks impose are at once removed. The facility 
with which this system of dock can be extended, and the 
manner in which the sections of which it is composed 
admit of variation of arrangement to suit different con- 
ditions, are also many points in its favour, and altogether 
the dock at Nicolaieff deserves to be the forerunner of 
many others, 


NOTES FROM THE SOUTH-WEST. 

The Lightmoor Collieries.— Messrs. Crawshay and Sons 
have renewed the night turn at their Lightmoor Collieries, 
starting on Friday night. This will afford employment for 
some 200 men and boys. Several pitmen who have been 
working at the Severn Bridge Railway are among the new 
hands at Lightmoor. 


Capital and Labour.—A petition has been presented for 
the winding-up of Landore-Siemens Steel Company, and is 
to be heard on the 17th inst. It is satisfactory to the 
many hundreds employed at these works to know that the 
proceedings will not have the effect of throwing them out 
of employment. Notices have been posted up on the 
Dowlais Iron Works that all contracts cease at the end of 
amonth. This is looked upon as preparatory to a further 
reduction of wages. 


Coal in the Garw Valley—The Tfalda Coal Company, 
on Thursday, raised the first load of steam coal which has 
been brought to bank in the Garw Valley, which is situated 
abont nine miles north-west of Bridgend. The company 
is composed principally of Welsh working men who have 
invested their savings in mining enterprise. 

Great Western Railway.—Another section of the auxi- 
liary line of the Great Western Railway between Drayton 
and Slough has been opened for traffic. The up-line just 
completed is about five miles in length, and over this goods 
and coal traffic is now taken. The down line will, it is ex- 
pected, be completed faowe and the company will soon 
be in possession of a widened line extending from Paddington 
as far as Slough, the new stations for the service of the 
auxiliary being Hanwell, Southall, West Drayton, and 
Langley. The widening of the railway between London 
and Slough, which has been carried out at great cost and in 
many places under considerable engineering difficulties, will 
provide increased facilities for the ever-growing suburban 
traffic of the Great Western. 


Landslip on the Gloucester Canal.—At daybreak on 
‘Thursday it was discovered that a considerable quantity of 
carth, forming part of the western bank of the Gloucester 
Canal, midway between Rea and Simus bridges, had 
slipped into the water. The towing-path at this spot is 
at a height of about 18 ft. from the surface, and above this 
is another bank of a height of 10 ft. skirted by a quickset 
hedge. The whole, for a distance of about 40 yards, had 
slipped forwards, the lower path lying across the bed of the 
stream, and the upper (preserving the line of the hedge 
intact) taking its place. About half the channel was 
stopped, but vessels of less than 12 ft. draught were able 
to pass. The Canal Company immediately employed a 
gang of men to clear away the earth beyond the original line 
of bank (under the superintendence of Mr. Clegram, their 
engineer, and on Friday afternoon a dredge was employed 
to take up the remainder. These operations continue, and 
it is expected that the canal will be soon available for all 
the usual navigation. To repair the bank will occupy 
about a month, during which the towing-path will be on 
the opposite side. This is the first serious landslip which 
has affected the canal for 40 years, the last, which wholly 
obstructed the traffic for a few a days, having occurred 
near the same spot. 


Milford Docks.—These docks embrace an entrance lock 
550 ft. long by 75ft. wide, with 28 ft. of water over the 
sill at ordinary high water of spring tides. The entrance 
lock is fitted at each end with wrought-iron sliding caissons, 
and opens into a wet dock having an area of about 10 acres. 
By the side of the entrance lock and parallel with it is a 
graving dock 770 ft. long and 125 ft. wide for a distance of 
5v0ft. from the entrance. At that point the dock com- 
mences to taper off towards the head, which is 25 ft. wide. 
‘Lhis tapered portion can be shut off from the main body of 
the dock, and can be used separately. This dock has 30 ft. 
of water over the sill at ordinary high-water of spring 
tides. The reason for having the graving dock constructed 
in this peculiar manner is that it is intended primarily for 
docking the Great Eastern steamship, which can thus be 
easily effected. When she does not occupy the dock the 
tapered portion will be available for docking vessels of 
small tonnage, while in the outer portion several large 
ships can be accommodated at the same time. The outer 
portion is so arranged that it can either be used as a graving 
dock or as a wet dock for loading or discharging cargo. 
The entrances to both the outer and the inner dock are 
closed by means of wrought-iron caissons. Beyond this 
large graving dock is a small one, which will be used for 
docking ships of small tonnage up to about 250 ft. in 
length. The docks open directly into the haven, upon 
which they have a frontage of about 1700ft. At the south- 
western end it is proposed to construct a breakwater and 
quay for the protection of the entrances and alongside 
which ships ¢an be berthed. This breakwater will be 500 ft. 
long when completed. The quay is provided with landing 
steps, and at the end of the breakwater there will bea 
landing slip. The sea wall from the quay to the graving 











dock is built of limestone, as is also the lower portion of 
the end of the dividing wall between the graving dock and 
the entrance lock. 6 upper ion of the wall from the 
commencement of the caisson ¢ bers upwards is in con- 
crete. The wall from the lock to the opposite, or Milford, 
side of the dock is double, being constructed of two outer 
walls of rubble masonry, built in concrete, the intervening 
space being filled in with clay overlaid with stone. This 
wall is 100 ft. wide at the top, and will carry a roadway 
on-which will be placed hy ic cranes, with railways 
and shedding and all other conveniences for loading and 
unloading vessels. At the Milford or landward end of 
this wall is a landing slip 300 ft. long, with steps, and pro- 
tected by a breakwater. Returning inland, on the Milford 
side is a quay wall 1200ft. long, which is already com- 
pleted. is wall is constructed similarly to the sea wall, 
and behind it an area of about 10 acres has formed by 
means of levelling and clearing, the materials removed 
having heen used in the construction of the dock walls. 
This space is intended for warehouses, railways, and load- 
ing and unloading appliances, and the area will be further 
extended before thé works are completed. The wall on the 
south-western side of the graving dock is completed for its 
whole length, and the site for the warehouses beyond it, 
which is about 300ft. wide and which is made ground, is 
being filled in. This ground has, in fact, been reclaimed 
from the foreshore of Hubberston Pill. The wet dock is 
now being dredged, and will ultimately have a depth of 
26 ft. of water at ordinary spring tides. 


Naval Engineers.—The Lords of the Admiralty have 
issued an order that engineers and assistant-engineers on 
paying off, or on return to England after paying off or 
supersession abroad, may state the reserve they wish to 
join, and be discharged to the guardship thereof at once, or 
on the expiration of full pay leave when entitled to it, with- 
out any reference to the tanks of the Admiralty. Engineers 
and assistant-engineers coming home invalided may be borne 
for any full-pay leave to which they are entitled, and are 
to be placed on half-pay at the end of such full-pay leave, 
unless they be in the mean time pronounced to be fit for 
service, in which case they may join the reserve without 
any reference to their lordships. When officers of these 
ranks come home on account of misconduct they are not 
to be entered in the reserve without the sanction of their 
lordships. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

Quarterly Meeting of the Cleveland Iron Trade.— 
Yesterday the quarterly meeting of the North of England 
iron and allied trades was held in the Exchange, Middles- 
brough. There was a good attendance, but business was 
as flat asever. Prices were like last week, based on No. 3 
Cleveland pig selling at 35s. per ton less one per cent., but 
people who were forcing sales, were quoting about 3d. 
per ton below this figure, and the brokers continued 
their bearing operations. There was ample opportunity 
for persons to exhibit articles of interest to the trade, 
but only one gentleman availed himself of this means 
of advertising, and that was Mr. Charles Wood, of 
Middlesbrough, who showed his wrought-iron permanent 
way, 500 tons of which have just been compl by 
Messrs. Hopkins, Gilkes, and Co., for the North-Eastern 
Railway, and which is to be laid down in this neigh- 
bourhood. Mr. Wood’s wrought-iron permanent way 
has been fully described in ENGINEERING. Messrs. Connal 
and Co. reported that they had in their Middlesbrough 
warrant stores 68,350 tons. Their Glasgow stock of Scotch 
pig iron now stands at 200,500 tons. Their Middlesbrough 
f.o.b. warrants are quoted nominally at 35s. 6d. and 
35s. 9d. net cash for No. 3. 


The Cleveland Ironmasters’ Association Returns.—The 
returns this monthare more than usually interesting. Out 
of the 165 blast furnaces in the district, 92 only are in 
operation, 73 being out of blast. 


The Finished Iron Trade.—In the finished iron trade 
there is no change. There has been very little work going 
on lately owing to the new year’s holidays. Some of the 
works have not recommenced yet. Platemakers find it 
difficult to obtain specifications and are working irre- 
gularly. 


Trade Disputes.—Messrs. Bolekow, Vaughan, and Co. 
have their Eston Steel Works standing idle, the men 
having struck against a proposed reduction of 10 per cent. 
It is expected, however, that the matter will be amicably 
settled, and that the men who have no union will return to 
work on Monday. The shipbuilders on the Tees and Wear 
are giving notice of a 5 per cent. reduction on daywork 
men, and 10 per cent. on piecework men. At Middles- 
brough Messrs. R. Dixon and Co.’s men struck last week 
against a reduction of 5 per cent. There is no prospect at 
present of getting the rivetters and platers to agree toa 
redaction. 








New ZEALAND Rartways.—The following sums have 
been officially appropriated for railways in the South Island 
of New Zealand : Otago contract, Dunedin to Albert Town, 
Lake Manaka, any sum not exceeding 1,100,0001.; Amberley 
to Brunnerton, 950,0001.; Grey Mouth to Hokitika, 
220,0001.; Canterbury interior main line, Oxford to 
Temuka, 380,000/.; main line to Upper Ashburton, 55,0001. ; 
Opawa branch extension, 110,000. ; Waipahi to Heriot 
Burn, 102,0001.; Edendale to Toitoi, 110,000/.; Otautau 
to Nightcaps, 75,0001. ; Clutha to Callin’s River, 95,0002. ; 
Waimea to Switzers, 70,0001. ; Lumsden to Maroa, 180,0001. ; 
Palmerston to Waihemo, 35,0001. ; Oamaru to Livingstone, 
105,0001.; Amberley to Cook’s Strait, nil; main line to 
Shag Point, 80001. ; total, 3,605,0007. 








NOTES FROM SOUTH YORKSHIRE. 


HEFFIELD, Wednesday. 

New Water Company in the Dearne Valley.—A most 
important project for the supplying of the towns and vil- 
lages in the Dearne Valley with water will be brought be- 
fore the notice of Parliament. It is promoted by a com- 

y, which styles itself the ‘‘ Dearne Valley Water 
mpany,” and after being incorporated under the Act 
proposes to purchase, and a transfer of all the powers 
and rights with respect to the construction of works and 
supplying of water conferred by the Wakefield Water 
Works Act, 1876, so far as those powers relate to a certain 
district, including Hayland Nether, Swinton, Ardwick- 
upon- Dearne, ath-upon-Dearne, Goldthorpe, Durfield, 
Wombwell, Brampton, &c. The company state that these 
districts are ne ee with water, and they are 
desirous of providing a better supply. But the inhabitants 
of the district named are jealous of this intrusion, and 
assert that the company would doubtless only be inclined _ 
to supply such parts of the district; it would create a 
monopoly, and prevent any other company from coming into 
the district. The Swinton Local Board will not resign its 
rights in this question so easily. It has determined to call 
in some able engineer, and see whether it cannot propound 
a scheme of its own. It has gone further than that, and 
passed a resolution to the effect that it is not desirable to 
allow the Dearne Valley omy og ey obtain Parliamentary 
powers for supplying water in this district, and that the 
Board petition Parliament against the Bill. 

Proposed Lake in Pontefract Park.—A special meeting 
of the Pontefract Park Trustees has been held to consider 
the desirability of —— a lake in the park. A 
deputation in favour of the scheme waited and presented 
a requisition to the inhabitants. It was held that the lake 
would ‘‘ prove a great boon to the inhabitants in summer 
as a source of recreation and afford healthy exercise and 
amusement in winter.” The committee has been autho- 
rised to engage a consulting committee, select a suitable 
site and report as to the probable cost. This is the third 
— improvement in Pontefract commenced within two 
months. 


Strikes.—The leading industries of South and West 
Yorkshire are for the moment almost paralysed by the 

rospect of strikes on such a tremendous scale as has never 

fore been experienced. The engineers threaten to go 
out” rather t submit to the terms sought to be im- 
posed on them. In Sheffield there are more than a 
thousand of them, and in Leeds many more. Then the 
colliers, to the number of 100,000, are on the verge of a 
similar course. Should there be any scarcity of fuel or a 
rise in its value, the iron, steel, -and heavy trades will be 
Ee. and some other industries will undoubtedly be 
ost, on account of the severity of foreign competition. 
The prospect is very discouraging. 

Street Improvements in Sheffield.—The Local Govern- 
ment Board has just sanctioned the borrowing by the 
Sheffield Town Council of the sums of 289,500/. and 
10,5001. for works of street improvement. The 289,5001. 
has to be repaid within ten years, and the 10,5001. in sixty 
. It is expected that nearly a million of money will 

expended in town improvements before the schemes, on 


band are completed. 








A Mexican Exursition.—The Mexican Minister of 
Public Works has announced that the Mexican Government 
has decided to hold an exhibition in the city of Mexico at an 
early date. The exhibition is to be confined exclusively to 
Mexican and American products. 


LonDON ASSOCIATION OF FOREMEN ENGINEERS AND 
DRAUGHTSMEN.—The twenty-sixth annual meeting was 
held, at the Cannon-street Hotel, on Saturday the 4th 
inst., Mr. Joseph Newton, C.E., presiding. The election, 
as an ordinary member, of Mr. Wilshire (of Messrs. 
Stothert and Pitt’s, Bath), and of Mr. Etherington, of 
the New Kent-road, London, as a life honorary member, 
constituted the first business after the reading of minutes. 
The auditors, Messrs. Fielder and Anderson, then pro- 
duced the balance-sheet for the past half-year, with their 
report upon it. From these documents it appeared, not- 
withstanding the fearful amount of depression existing in 
every branch of the engineering trade throughout the 
metropolitan district, that the Institution continued to 

rosper. The ordinary fund had increased since June 
fast to the extent of 45/. 6s. 2}d., and now stands at 
4981. 14s. 3id. The Superannuation Fund for the partial 
maintenance of decayed members, and upon which there 
are at present four pensioners, amounts to 19171. 11s. 7d., 
whilst the Widow and Orphan Fund equals 72/. 8s. 2d. 
The treasurer, in addition to these sums, is holding tem- 
porarily, and for future investment, 1311. 3s. 1d., thus 
giving a total of moneys in hand for all purposes, amount- 
ing to 26191. 17s. 14d. After some discussion the balance 
sheet and report were unanimously accepted, the auditors 
receiving thanks for the able performance of their duties, 
and the secretary (Mr. W. H. Aubrey) praise for the clear 
and exact manner in which the accounts had been kept. 
The President then proceeded to deliver an annual address, 
which comprised obituary notices of Messrs. John Penn, 
William Smith, G. Bell loway, and John Bullongh ; a 
lengthy survey of the past year's work of the Association, 
with a forecast as to its future high destiny ; some remarks 
as to the depression of trade, its causes and cure, and con- 
cluded with a glance of the various scientific achievements 
of the year, 1878. rr men ae A Mr. Newton was for the 
twenty-tirst time unanimously elected president of the As- 
sociation for 1879. Mr. Thomas Haughton was chosen as 
vice-president, Mr. Robert Coates as junior auditor, and 
Messrs. Gray, Ives, Ronald, and Pike as members of com- 
mittee. At a late hour the very numerously-attended 
meeting came to an end. 
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NOTICE TO AMERICAN SUBSCRIBERS. 


We beg to announce that we have appointed Mr. Lenox 
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NEERING in the United States, and all subscriptions for the 
United States will in future be payable to him. Mr, Lenox 
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NOTICE OF MEETING. 


INSTITUTION OF OIVIL ENGINEERS,—Tuesday, January 14th, at 
8 p.m. Discussion, “Railway Work in a! “On the Best 
Means of Developing New Countries by lways”; and the 
monthly ballot for members. 
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THE EXPLOSION ON BOARD THE 
“ THUNDERER.” 

THE accident which has occurred to one of 
the 38-ton guns on board H.M.S, Thunderer 
has caused the most profound sensation, not only 
amongst the members of both branches of the 
service, but also amongst the public at large, 
for {the faith of the whole nation in the trust- 
worthiness of our system of artillery, had been 
educated to such an extent by the authorities, that 
men would almost as soon have doubted the 
traditional excellencies of the British Constitution 
as they would the superiority of our guns to those 
of all other countries. There were, however, some 
who knew better in this respect, whq never shared 
the blind confidence of the authorities and of the 
public, and who never ceased giving warnings which 

assed unheeded, and offering suggestions, based on 
ong experience and scientific attainments, which 
were received with thanks, but never adopted, for 
were they not simply engineers and mechanics, and 
what could such people —. know about gun- 
making? To us it would seem that no class has a 
better right to have their say in the matter of 
scientific gun-designing than the members of the 
engineering profession, who make it as a rule the 
business of their lives to study the laws of matter 
and motion, and the best adaptation of means and 
materials to attain ends. e mere fact that a 
certain body of, no doubt, able officers are in the 
habit of using guns, no more fits them to design 
or construct them, than does the power of navi- 
gating a man-of-war enable a naval commander 





to design his ship, or the fact of a man being 
a good sportsman qualify him as the proper per- 
son to make a fowling-piece; consequently we 
cannot but think, even with our nt imperfect 
knowledge of the particulars of the accident, that 
the War Office and Woolwich authorities have 
lightly incurred a very grave responsibility in 
having adopted a system of artillery which could 
render an accident of this nature, no matter from 
what cause, possible, when by so doing they were 
running against the a and unanimous 
opinion of the whole scientific body of the kingdom. 
. Merrifield, F.R.S., stated so long ago as Au- 
gust, 1872, before the Mechanical Section of the 
ritish Association, “ that the consent of all mecha- 
nicians and engineers with whom he had ever con- 
versed, was unanimous in the condemnation of the 
Woolwich system of rifling, and that he had never 
heard any serious defence of it.” This statement 
may be regarded as a correct exposition of the 
scientific opinion on this subject more than six 
years ago; and surely during the time that has 
elapsed, the authorities have had time to reconsider 
their plans, and to bring forward improved ones. 
But no; it would appear that it requires the sacri- 
fice of eight human lives, the injury of some thirty- 
two more, the loss of a costly — of artillery, and 
the temporary disablement of the most powerful 
ironclad in commission, at a time, too, when the 
condition of European politics still requires the 
presence of our fleet in the Sea of ‘Saeseen 
in order to add cogency to the reasoning of 
scientific engineers, and to upset a system, every 
stage in the development of which has been marked 
by the bunglings of trial and error instead of bear- 
ing evidences of the trained reasoning of those who 
are supposed to be responsible for the safety of the 
empire, 

We propose on a future occasion to justify these 
remarks by giving the history of the development 
of the Woolwich system of heavy ordnance; but in 
the mean time it may be more interesting while the 
accident is fresh in everybody’s memory to inquire 
into the causes which have led to the disaster. Un- 
fortunately this task is a little difficult, because in- 
stead of having provided altogether against the 
possibility of Hs a misfortune there have been 
several ways left open, in any one of which it might 
have taken place. 

The Thunderer is, as is well known, a double- 
turreted ironclad. With the general arrangements 
of the ship we have at present nothing to do, but 
only with the fore turret, which was the scene of the 
explosion. This turret, which is 24 ft, in diameter, 
was armed with the two first 38-ton guns which 
were ever supplied to the Royal Navy; they differ 
from all subsequent specimens of the same class in 
their calibre, which is ]2in. asagainst 124 in. Their 
other principal dimensions are as follows : 


Length of gun... ose ans wo ‘30h: 
99 99 DOFO a. eee sie 164 ,, 
Weight of shot ... i ae ee 
Charge of powder, ordinary ... ee 85 ,, 
» battering ... ee 110 ,, 


Number of grooves one Bee 9 

Nature of twist increasing, making one 
complete turn in 35 calibres. 

The muzzle velocity with ee 
charge and 700 lb. projectile is sta 
to be 1410 ft. per second. 


These guns are muzzle-loaders, and as such are far 
too long to admit of being run back within the 
turret and loaded conveniently in a horizontal posi- 
tion. Had they been breechloaders the case would 
have been otherwise, for the guns could then have 
been loaded from the interior of the turrets with 
great facility, without altering the angle of elevation, 
and the first of the possible causes of explosion, viz., 
ap incorrect position of the projectile in the bore of 
the piece, would have been rendered impossible. But 
the authorities have for years past entertained a 
blind hatred of all systems of aprreneree and 
have preferred muzzleloaders on account of their 
supposed simplicity—a simplicity, be it remarked, 
which has necessitated as a consequeuce a system of 
hydraulic loading which, in cost and complication, 
far surpasses any breechloading arrangements with 
which we are acquainted. 

As there was no room within the turrets to house, 
or even apply this hydraulic loading machinery, it 
had to be placed underneath the citadel deck, and 
the guos when ready for reloading have to be inclined 
downwards at an angle of about 11 deg. The pro- 
jectile, when rammed home, is prevented from 
sliding forwards down the inclined bore of the gun 
by a papier-maché wad, and the correct position is 





indicated y means of a mark or tell-tale on the 
rammer, e have it, however, on the authority of 
the late commander of the Thunderer, Lord Charles 
Beresford (see letter to the Times on Tuesday), that it 
is possible for the rammer, on being withdrawn from 
the gun, to carry this wad with it for a short dis- 
tance, thus releasing the projectile and allowing it 
to slide forward down the bore of the gun to a 
certain distance from the front of the charge. Now 
it is well known that a very slight obstacle which 
closes the bore of a gun at some distance in front of 
the charge, is sufficient to cause the bursting of the 
piece. A circular piece of note-paper glued over 
the muzzle of a fowling-piece, or an accidental 
stoppage with snow or loose earth, is certain to cause 
the disruption of the barrel when fired, anditis very 
evident that if the projectile and wad of a heavy gun 
had parted company with the charge, the same 
conditions would be at hand, and consequently the 
same result might be expected. The cause of this 
curious phenomenon is perfectly well understood ; 
the powder gases attain enormous pressure in the 
empty space behind the obstacle, and before they 
have time to impart the requisite velocity to the 
mass of the obstacle, in order to clear it out of the 
way, they have found an outlet by bursting open 
the walls which contain them. 

It should not be forgotten that it requires an in- 
finite force to impart an infinite velocity to a finite 
mass in an infinitely short time, or in other words, a 
finite mass, no matter how inconsiderable, opposes 
an infinite resistance to the instantaneous generation 
of an infinite velocity. All other degrees of resist- 
ance of given masses to the impartation of finite 
velocities in finite times are simply questions of 
degree, and can be readily calculated by comparison 
with the velocity known to be generated in a unit 
of mass during the unit of time by the force of 
gravity. Now itis a curious fact that a force of a 
given intensity acting on a mass for a given time 
will and can impart only one peculiar velocity to the 
mass, and no slower one. Hence it is perfectly 
possible to conceive even a wad, let alone a projectile, 
standing like a wall against the action of the powder 
gases, while the solid walls of the gun rend asunder 
and let the gases through. Should it be ever ascer- 
tained that the shot was on this occasion not home, 
we need go no further in seeking for a cause of this 
accident. 

Another possible cause is to be looked for in the 
system of rifling adopted in all Woolwich guns. 
When first experiments were made with heavy guns, 
the proper laws of combustion of gunpowder were 
either not understood, or else not applied. In order 
to get the maximum work out of a barrel of a given 
length, it is evident that the pressure of the gases 
should be maintained uniform, while the projectile 
travels from chamber to muzzle, in other words, to 
borrow an analogy from the steam engine, the 
indicator diagram of a gun should be a parallelogram, 
and in order to attain this end a slow-burning 
powder should be used, and such a system of igni- 
tion and arrangement of charge adopted that in- 
creasing supplies of gas should be delivered per 
unit of time as the projectile moves forward along 
the bore with ever accelerated velocity. In the 
early days of these experiments the opposite of all 
this obtained. The powder used was of a very 
powerful and quick-burning description called 
‘¢brutale” by the French artillerists, which imme- 
diately after ignition generated an enormous pressure 
of gas of between 29 and 30 tons per square inch, 
but which diminished very much in intensity as the 
shot moved forward, so that the indicator diagram 
with this sort of powder would more nearly resemble 
that of a cylinder in which steam of high pressure 
was cut off early and used expansively. It was 
consequently considered unwise to throw any extra 
work on the gun at the first moment of ignition, and 
so the insignificant fraction of work required to give 
the shot its spin was postponed till it had moved for- 
ward some little distance. In other words, the 
pitch of the rifling, instead of being uniform, was 
increasing. It is this feature in our system of 
artillery which has met with most adverse criticism, 
As the twist ceased to be uniform, all idea of a me- 
chanical fit of projectile had to be given up, and all 
continuous bearing surface of projectile against the 
grooves was also impossible, and instead thereof 
was substituted a row of soft metal studs let into 
the forward end of the cylindrical portion of the 
shot, and a similar row near the base, the function 
of the one set being to bear against the rifling, and 
of the other, merely to help to keep the axis of the 
projectile coincident or parallel with the axis of the 
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bore. Those portions of the studs which did not 
bear on the faces of the grooves were planed away 
so as to allow of the shot being easily rammed home, 
and the consequence was that a certain amount of 
back-lash existed between the studded projectile on 
the one hand, and the grooved bore on the other, so 
that it is quite conceivable that the shot when home 
bore against the grooves nowhere, and if this were 
so it is quite clear that one of three things must 
occur when the shot received its first forward im- 

ulse from the powder ; first, it might be started 
orward with an accidental rotation in the same 
sense as the rifling, in which case the projectile 
would centre itself immediately with comparative 
ease; second, it might be started forward with no 
movement of rotation whatever, and as the grooves 
would be here nearly straight, this motion would 
continue straight forward for some little time till the 
side of the stud should come in contact with the edge 
of the groove, in which case the shot would receive a 
wrench of considerable violence, tending to strip or 
dislocate the studs, or even to break up the projectile; 
or, third, it might bestarted forward withan accidental 
rotation in the contrary sense to that of the rifling, 
in which case the rotation of the shot would posi- 
tively have to be reversed by the grooves, and all 
the effects mentioned under the second case would 
be greatly exaggerated. 

Now, it is easy to conceive of a projectile becom- 
ing totally jammed in the bore under these circum- 
stances, and thus causing a disruption of the gun; 
troubles have been known to occur from this cause 
before, though they have never been attended with 
very serious consequences, but since the introduction 
of slow-burning powder, by means of which the 
pressures are reduced to from 15 to 20 tons per 
square inch, there is absolutely no reason for re- 
taining this antiquated system of rifling which has 
long since been given up, even by its original in- 
ventors the French. It is clear that the velocity of 
rotation of the shot being a function of its velocity 
of forward motion, if this latter be uniformly ac- 
celerated, as it would be with a proper description of 
powder, then will the former be uniformly accele- 
rated also, and so the object sought for would be 
attained with uniform rifling. 

There is still another way in which this accident 
might have taken place. ‘The steel barrel or lining 
of the gun might have sustained a ring crack, in 
which case the whole longitudinal strength of the 
gun would be lost, for incredible as it may sound, 
there is no other piece in the whole gun but this 
barrel, which runs continuously from breech to 
muzzle, 

In any case the Government ought to spare no 
pains to recover the lost portion of this gun, in 
order that the nature of the fracture may be clearly 
ascertained, and the recurrence of a similar disaster 
if possible prevented, for it has been justly feared 
that this accident may have destroyed the confidence 
of our sailors in their guns. We fear it has done 
more than this, it has destroyed the confidence of a 
nation in the wisdom of those to whom it has com- 
mitted its safety. 





NOXIOUS VAPOURS. 

Towarps the close of the Parliamentary Session 
of 1876, a Royal Commission was appointed to in- 
vestigate how far the emission of noxious vapours 
from manufactories, such as sulphurous acid, sul- 
phuretted hydrogen, and ammoniacal or other 
vapours and gases might prove injurious to animal 
and vegetable life, and to report on the means to be 
adopted for the prevention of injury arising from 
such exhalations. The subjects to be considered 
were generally supplementary to those that are 
dealt with by what are called the Alkali Acts. 
Among the Commissioners were Lord Aberdare, 
Professors Abel, Williamson, and Roscoe, and 
others immediately interested in respect to the 
neighbourhoods of works in various parts of the 
kingdom, The report was issued a short time ago, 
and well deserves careful consideration, not only in 
the interest of the manufacturers, but also of resi- 
dents adjacent to such works. 

The report commences by recapitulating previous 
legislation on the subject, especially in regard to 
the Alkali Acts which have so well been carried out 
by Dr. Angus Smith, F.R.S., and his assistants. It 
appears that the effects of this legislation have been 
generally beneficial to the public, and not unduly 
onerous tothe manufacturer. ‘lhe improvement, 
indeed, has been considerable, and in many cases 
where manufacturers thought that they would 








have been ruined by the Acts, they have, on the 
contrary, been gainers, since, by economy, they 
have been compelled to utilise what they had 
pute thrown off as waste. The retention of 
ydrochloric in the manufacture of soda has proved 
a valuable and cheap source of chlorine for making 
bleaching powder, where formerly it had been 
allowed to escape as a vapour, destroying vegetation 


throughout its course overthe country. The escape | q 


of gases from ‘‘ wet copper’ works had also been 
legislated on, but the provisions of the Act had, up 
to August, 1876, been but partially carried out 
owing to numerous difficulties that had presented 
themselves. 

The evidence obtained by the Commission was, 
as might have been expected, of a conflicting 
character. Much was adduced to prove the destruc- 
tive effects on vegetation of vapours yas 
from alkali works alone, as at Widnes and Runcorn, 
or from a combination of alkali, copper, and other 
works, as at St. Helens, and elsewhere. Wherever 
numerous works are grouped together, vegetation is 
for a considerable distance affected in all directions ; 
but the injurious effects of the vapours are of course 
most severely experienced in the direction of the 
ne wind, Numerous witnesses described the 

lasting effects of vapours on vegetation near 
Widnes, Runcorn, and in the Tyne district in 
Northumberland. ‘The evidence entered into minute 
particulars as to the consequent appearances and 
pecuniary loss. It was also stated that not only 
trees, but crops of all kinds, cattle and sheep, died 
under the influence of such vapours. Many places 
in Lancashire having chemical works suffered similar 
injury in their suburbs. The evidence given in re- 
ference to damage done in the Tyneside district by 
chemical and copper works was of a similar character. 
The neighbourhood of Glasgow presented the same 
results. 

In respect to danger to human health, evidence 
was given by several witnesses of severe temporary 
effects produced by the gases from alkali works in 
causing difficulty of breathing, coughing, nausea, 
and prostration. But while the men employed in 
these works showed generally good health, the idea 
that epidemics are prevented in the neighbourhood 
of chemical works was considered untenable. Evi- 
dence was given that in some cases, as near Widnes, 
the values of land had increased, but this was traced 
to causes that did not disprove the danger arising 
from chemical works. However, it was almost uni- 
versally admitted that where the provisions of the 
Alkali Acts had been!properly carried out, the whole 
surrounding country appeared to spring into new 
life, owing to the prevention of the escape of 
noxious vapours that had previously destroyed vege- 
tation. 

Much blame was attached to the issue of coal- 
smoke both from manufactories and private houses. 
Smoke, as a rule, contains sulphurous acid. But 
the general result of the evidence was to show, that 
while such smoke might have a partial effect, the 
consequence of an increase in the number of fac- 
tories, suppressing these vapours, while emitting 
the smoke, was scarcely perceptible in the neigh- 
bourhood, The manufacturers chiefly attributed 
the damage complained of to imperfect inspection 
under the Alkali Acts, and the impossibility of its 
provisions being effectually carried out without a 
great extension of time. 

Much evidence was given as to the effect of 
vapours emitted from copper works, at St. Helens, 
Swansea, and other places. It appears that the 
smelting of copper ores is rapidly decreasing and 
that the business was now being rapidly transferred 
to Chili and Australia. It appears that copper 
mining and smelting in England is tending to ex- 
tinction. Evidence was given in respect to the 
damage caused by coke ovens. In this respect Mr. 
Lowthian Bell classifies the main sources of mischief 
under the heads of: 1, heat; 2, smoke; and 3, 
sulphurous acid. As various forms of improved 
coke ovens have been described in our columns, it 
will be unnecessary for us to enter further into the 
suggestions that were made to remedy the above- 
named evils. The subject, however, is of great and 
growing importance; we therefore quote verbatim 
the recommendations of the Commission, relating as 
they do to some of the most extensive branches of 
mechanical industry connected with metals. They 
are as follows: 

‘*]. That all coke ovens should be placed under 
inspection. 2. That such as are erected after the 
passing of the proposed amendment of the Alkali 
Acts should be required to adopt the best practic- 





able means for preventing escapes of black smoke 
and for diluting sulphur compounds. 3. That on 
oe ogy of nuisance established to the satisfaction 
of the Local Government Board, existing ovens 
should be required to adopt the best practicable 
means for preventing the escape of black smoke and 
for diluting sulphur compounds, a period of three 
years being allowed for compliance with the re- 
uirement.” 

The deleterious effects of salt-works in regard to 
the evolution of black smoke and hydrochloric.acid 
were inquired into, but the Commissioners decided 
for the present that further legislation should only 
extend to placing them under better inspection. 
The nuisances of the Thames, especially from 
chemical works beyond the jurisdiction of the Me- 
tropolitan Board, to which allusion was made in one 
of our recent articles, elicits from the Commissioners 
the remark that ‘‘ the offensive and nauseating cha- 
racter of their combined odours was attested beyond 
dispute by the witnesses who gave evidence before 
us, as well as by our own observation.” This is an 
admission of great authority, which without doubt 
would be confirmed by the hundreds of thousands 
of pleasure-takers between Blackwall and Gravesend 
during the summer season. 

The question of slaughter-houses, cement works, 
—— and gas-product utilising companies as 

eing deleterious to health, led to evidence most con- 
clusive in that direction. Altogether we consider 
that the Commissioners have held an almost ex- 
haustive inquiry into the subject in respect to the 
whole of England, Wales, and Scotland, and with- 
out entering into the reasons of the conclusion they 
have arrived at, it will be better to give a précis of the 
recommendations they make as to further legislation. 

They first propose an amendment of the Alkali 
Acts, and among othersuggestions are the following : 

1. That the number of the inspector’s visits to 
each work, and the recorded escapes, with the 
names of the works in which they occurred, be pub- 
lished in the annual report of the chief inspector, 
and that the inspectors be empowered to inspect 
plant, and be required to report defective plant to 
the chief inspector. 2. That the escape of more 
than one grain of sulphur in the form of any of its 
acids contained in one cubic foot of exit gases, or 
the escape of more than half of a grain of 
nitrogen in the form of any of its acids contained in 
one cubic foot of exit gases be made an offence 
under the Acts. That the exit gases shall in each 
case be collected from the exit flue of the chambers 
before entering the chimney, 3. That the deposit 
of alkali waste so as to cause a nuisance, or the per- 
mitting acid drainage to come into contact with 
alkali waste or the drainage from alkali waste, or 
the permitting alkali waste or the drainage from 
alkali waste to come into contact with acid drainage 
be made an offence under the Acts. 

They further propose that all works in which 
sulphuric acid is made for sale or use, chemical 
manure works, sulphate of ammonia works, tar dis- 
tilleries, coke ovens, &c., should become under 
inspection and penalty under an extension of the 
Alkali Acts. In respect to works not already dealt 
with, such as arsenic, cement, copper, and other 
metal works, salt works, e¢ hoc omae genus, they 
should be placed under inspection, that the Local 
Government Board should have the power of making 
standards of the escape of gas as permissible, and, 
lastly, that in the recovery of damages the courts 
should have full power of apportioning them, and 
of awarding costs. 

Towards the close of November last a deputation, 
headed by the Earl of Derby, and including persons 
interested in the question, waited on the Right 
Honourable Mr. Sclater-Booth, urging immediate 
legislation on th® subject. Weare glad to say that 
the President of the Local Government Board went 
out of the usual reticent course, and promised that 
he would try to bring in a Bill which should sub. 
stantially legislate on the subject. We sincerely 
hope this promise will be redeemed during the ses- 
sion of 1879. It is highly needed. 








THE HERRESHOFF TORPEDO BOAT. 

A TORPEDO boat of special construction and em- 
bodying several novel and important features has 
just been brought over from the United States to 
this country by her designers and builders, Messrs. 
Herreshoff, of the Herreshoff Manufacturing 
Company, Bristol, Rhode Island, U.S.A. This 
vessel was built to the order of the British 
Government, and with her some interesting trials 
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were made at Erith on Wednesday last. There 
were present upon the occasion the French naval 
attachés, Captain de Cuverville and Lieutenant 
de Bretizel, as well as several other gentlemen 
interested in the question of torpedo warfare, 
The boat is 59 ft. 6in. long by 7 ft. 6 in. beam 
and 5 ft, 6in. deep, with 1 ft. 3in. draught of 
water, there thus being 4 ft. 3in. of freeboard. Her 
working draught, however, is 4 ft. 6in., as the 
screw and rudder are both placed below the keel. 
The vessel is constructed with five water-tight bulk- 
heads, and her hull is of composite construction 
below the water line, having a steel framing covered 
with wood planking. The upper part of the hull 
is wholly of steel, the plates being ,}, in. thick, the 
top sides sloping inwards and the upper work form- 
ing a protective superstructure for the crew and 
machinery. She is propelled by a screw which is 
placed beneath the vessel in a central position, and 
which is driven by a direct-acting condensing engine 
placed in the forward part of the boat. The diameters 
of the steam cylinders are 10} in. and 6 in. respec- 
tively with a 10 in. stroke, and they are of 100 horse 
power estimated. There is an independent feed 
pump and air pump. The stoke-hold is enclosed 
and is — with air by a Sturtevant blower 
which is driven by an independent engine of 2} 
horse power. The propeller is a two-bladed screw 
38 in,in diameter and 5 ft. pitch, the screw shaft 
being 23 ft. in length. The vessel is steered by 
means of a balanced rudder placed a short distance 
from the stern and under the ship, the helmsman 
being located in a stern cabin with a protected look- 
out raised just above the deck. The hull and 
machinery together weigh 6 tons, but with the work. 
ing crew of four men and fuel, stores, and two 
torpedoes on board, the boat weighs about 74 tons. 

Steam is supplied by a Herreshoff coil boiler, 
which constitutes another novelty in this boat. 
This boiler consists of a circular combustion cham- 
ber, which in the present instance is 4 ft. in diameter 
internally, and within which is a coil of about 300 ft. 
of Qin. pipe coiled to nearly the diameter of the 
chamber, ‘This coil is continued at the top so as to 
form a kind of dome under the cover of the com- 
bustion chamber. By the side of the boiler is a 
separator, into which the steam passes before it goes 
to the engine. The water from the feed pump is 
admitted at the top of the coil, and during its course 
to the bottom the greater portion of it becomes 
converted into steam, Having passed through the 
entire length of the coil, the steam and water ure 
discharged together into the separator in such a 
manner that the water is entirely separated from the 
steam, and can be blown off as required. Thesteam 
is taken from the top of the separator, and returns 
through a short coil placed inside the combustion 
chamber, where it becomes superheated, and is led 
thence to the engines. It is claimed for this boiler 
that it cannot explode destructively, inasmuch as 
there is but a very small quantity of water in it at 
any time, and that it is distributed along the entire 
length of the coil. A rupture at any point would 
only be attended by a moderate blowing off of 
steam. The rapid circulation of the water is found 
to prevent the deposit of salts, the surplus water 
not converted into steam carrying with it all im- 
purities, A good working pressure can be obtained 
within a few minutes of lighting the fire, and the 
boiler can be blown off in a few seconds. The 
large combustion chamber enables the full economy 
of the fuel to be realised, 

The boiler on board the torpedo boat under notice 
is intended to be worked at 160 lb. per square inch, 
having been tested up to five or six times that pres- 
sure. Upon the occasion of the recent trials, the 
working pressure was 80 1b. per square inch, the 
number of revolutions of the engine being 350 on 
the average. The run made was from Erith pier, 
through the Lower Rands into Long Reach on the 
two-mile course, The object of the run was mainly 
to show her manceuvring qualities, no attempt being 
made to develop or try her speed, which, however, 
was good. It was demonstrated that the boat could 
be propelled ahead or astern with equal speed, and 
that she could be steered in either direction with 
equal facility. She was turned in a circle, which 
was of a diameter of about three times her own 
length, was stopped dead when going at full speed 
within a distance which was—as near as we could 
judge—equal to her own length, and was put 
through other evolutions which she performed in a 
very satisfactory manner, notwithstanding the ex- 
ceptionally rough weather which prevailed and 
which proved her qualities more satisfactorily than 





a calm and smooth water could have done; She is 
the second torpedo boat that has been built and 
fitted upon the Herreshoff principle, but about a 
hundred boats of various classes upon this principle 
are in use in the United States, including tug-boats, 
which are reported as answering exceedingly well. 
The present boat was, as we have said, built for 
our Admiralty, and is guaranteed for a speed of 
16 knots. Her speed trials will shortly be made, 
and we shall report the results. Should they prove 
satisfactory—and there is no reason whatever to 
doubt that they will—our Government will have 
made a very useful addition to their torpedo fleet, 
The sea-going qualities of the boat were well tested 
in the run she made from her builders’ works in 
Rhode Island to New York, when a good speed 
was attained, 





BENDING MOMENTS. 
By Tuomas ALEXANDER, Glasgow. 

Tue following rules for finding the maxima bend- 
ing moments upon a beam loaded with a rolling load 
irregularly distributed at any number of irregular 
intervals, may be found of interest : 

Let w,, w,, &c., be any number of loads fixed 
relatively to each other, moving in order over the 
span. 

ao .—Find the position of G the centre 
of gravity of total load relative to the individual 
loads. Divide the span into intervals, which we will 
call fields, reckoning from the end to which w, is 


nearest. Field 1 to extend from 0 to _@ SP@0 
total load 
Field 2 from last point to (@+#s)- SPAM, 4... 





total load 

We say that w, commands Field 1, w, commands 
Field 2, &c. 

Rule L—To find the maximum bending moment 
at any point of span. Observe which field the point 
is situated in, and shift the whole load till the 
weight which commands that field is over the point, 
and calculate the bending moment, which will be 
greater than for any other position of the load. 

Rule II.—To find the point in any field at which 
the bending moment will be greater than at any 
other point in the field, Shift the whole load till 
the weight which commands the field in question is 
(if possible) symmetrical about the centre of span 
with G the centre of gravity of tctal load. 

For fields in which it is not possible so to place 
the commanding weight, the bending moment will 
continually increase towards that end at which it 
more nearly fulfils the condition. In practice it is 
sufficient to find the points of maximum bending 
moment for a few fields near the centre of span, as 
one or other of these will be the maximum for the 
whole span, In applying Rule I. for a point at the 
junction of two fields, it is the same whichever field 
the point is considered to be in. 

Example.—Locomotive with five pairs of Wheels. 

Loads w» 5 5 11 12 9 tons=42 tons 

Intervals § 8 00 71 =DR. 

Distances .. 17 12 4G 6 13 ft. of the weights 

respectively on either side of G the centre of gravity. 


Let span be 42 ft, 
Field 1 extends from 0 ft. to a x 42= 5 ft. 


Field 2 extends from 5 ft. to O48 x42 = 10 ft. 
Fieid 3 extends from 10 ft. to SHE x42 = 21 ft. 


Field 4 extends from 21 ft. to ete x 42=33 ft. 


Field 5 extends from 33 ft. to 42 ft. 


Suppose it is required to find the bending moments 
at points on the span distant from the end 4 ft., 
8 ft., 18 ft., 19 ft., 29 ft., 23 ft., 24 ft., 25 ft., 33 ft., 
and 38 ft., respectively. 

Shift the load till the first weight 5 is over the 
point 4, since it isin Field 1, Then, 

M,=84 foot-tons. 
Shift the load till second weight 5 is over the point 
8, since it isin Field 2. Then, 
M,=151 foot-tons. 
Shift the load till the weight 11 comes over 18, 19, 
and 20 respectively. ‘These being in Field 3, 
M,,=255 foot-tons. M,,=256 foot-tons. 
M,,,=255 foot-tons. 
Shift the load till the weight 12 comes over 23, 24, 
and 25 respectively. These being in Field 4, 
M,,=—260 foot-tons. M,,=261 foot-tons. 
M,,—=260 foot-tons. 
Since the point 33 is common to Fields 4 and 5 it 
will also give the same result whether the load 





= 


be shifted till the weight 12 or the weight 9 is over 
it. Hither way, 
53180 foot-tons. 


M 
Shift load till the weight 9 is over the point 38, 
since it isin Field5. And 

M,;,=100 foot-tons. 

When by Rule Ii’, G and weight 11 are placed 
symmetrically about the centre of span, they are each 
2 ft. from it, hence weight 11 is 19 ft. from the end, 
and further the weight 11 is in its own field. So 
that for Field 3 the maximum is 

Mj .=256 foot-tons. 
Similarly if G and weight 12 are symmetrically 
placed about the centre of span the weight will be 
at the point 24, which is in its own field. So that 
for Field 4 the maximum is 
M,,=261 foot-tons. 
There are no maxima in the other fields. 





COAL MINING AT THE PARIS 
EXHIBITION.—No. XI. 
THE GRAND’ ComBE MINEs. 

TuE exhibits of the mining company of Grand’ 
Combe included two plans in jrelief, represent- 
ing the general aspect of two systems with com- 

lete workings. Une of these, the Ravine mines, 
is worked by shafts; the other, the Champclauson 
mine, by adits. 

Each of these plans indicated the system of trans- 
port for spoil aud coal, a system which avoids the 
use of steam or horse power; and it was this method 
to which the Grand’ Combe Company desired to call 
special attention. 

Besides these plans there were exhibited two 
models showing the method of working a thick 
seam, with sections and plans illustrating the ar- 
rangement of the inclined lane system in use at 
Champclauson. Finally, blocks of coal, lignite, 
coke, and briquettes of various forms and qualities, 
representing the productions of the mines and fac- 
tories of Grand’ Combe, 

Location.—The collective concessions of Grand’ 
Combe are situated on the north-east limit of the 
department ;of the Gardin the arrondisement of 
Alais. The works occupy an area of more than 
20,000 acres, whilst their height is about 6560 ft. 
In the lower parts of the country the mulberry-tree 
covers the soil, whilst the site of the mountain is 
green with the oak and chestnut-tree. 

More than forty years ago the company bought 
the land in the neighbourhood of the works, and have 
ever since employed it for the culture of maritime 
pines. At the present time more than 31,000 acres 
have been transformed into magnificent forests. 
By the Paris, Lyons, and Mediterranean Railway 
system the mines of Grand’ Combe are at, 
distance of 119 miles from Marseilles, 88 miles 
from the harbour of Cette, 213 miles from Lyons, 
either 273 or 250 miles from the Italian frontier ac- 
cording to the direction taken to Vintimille or 
Modane, and 197 miles from the Spanish frontier at 
Port Bon, 

Geological Formation.—On the surface occupied by 
the concessions of Grand’ Combe the coal lands lie 
west and north on mica-schists, and fall under the 
trias towards the east. Lxcepting towards the noith 
the formation is regular in those parts situated be- 
tween the great faults, which, as a rule, take a 
north-east direction, and the general aspect of which 
presents a series of curves falling beneath the trias 
towards the east. In the parts actually explored 
the coal land is divided into two carboniferous series, 
separated from each other by a large stratum of 
barren land in which none but unworkable veins of 
impure and useless coal are found. Although these 
different seams supply coals of all classes, it is quite 
impossible to establish any relation between their 
geological order and their qualities. ‘The coke pre- 
pared from the fat coal of the inferior seam is very 
dense, almost exempt from sulphur, and possesses 
qualities rendering it suitable for metallurgical 
purposes. 

General Description of the Works.—The coal ex- 
tracted from the different mines is delivered either 
in its natural state, as briquettes, or as coke, having 
previously undergone the process of washing. 

The former is sent direct to the loading stages, 
which are situated in the immediate neighbourhood 
of the quays, on the line of railway. The latter 
having been washed, is delivered to the coke 
ovens or briquette factories. ‘These factories, situ- 
ated in the district of Pise, are at a few miles dis- 
tance from several of the principal centres of ex- 
traction. It is evident that in such a difficult 
country the question of transport was necessarily of 
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the highest importance. This problem first pre- 
sented itself in the mines of Champclauson, the 
shafts of which are situated at a distance of 656 ft. 
above the level of the loading stage, and are further- 
more separated from it by a distance of 8200 ft. 

In 1845 a simple and practical solution was found 
in a system of automaticdouble-inclined planes, shown 
in Figs. 1, 2, 3, page 36. The loaded wagons, on leay- 
ing the mine, arrive in trains of fifteen, guided by two 
men, and follow the line M M, the fall of which is 
26 per 1000 as faras the point P. At this point they 
are coupled into groups of four attached to the end of 
a rope, and hauled along the plane. They actuate, 
by means of the rope, four drums on the shaft A. 
‘Two of these drums unwind the rope, to which the 
four loaded wagons on the main plane are attached, 
as well as to one empty wagon on the upper plane, 
for bringing back the end of the rope. The two 
other drums receive the ropes employed to haul up 
the four empty wagons from the lower to the upper 
plane. Thus raised to the point P, the empty 
wagons are coupled into trains of fifteen, and under 
the guidance of two men descend, following the 
other plane, which has a slope of 174 per 1000. In 
one day two men can easily control 300 loaded 
wagons, and bring back as many empty ones. 

The 8200 ft. of distance and the difference in 
level of 656 ft. are thus traversed with a transport 
expenditure of about 2.5d. per ton, including hand 
labour, the maintenance of the roads, the wear 
of ropes, wagons, &c. When in 1860 with this ex- 
perience the Grand’ Combe Company commenced to 
build briquette factories at Pise, it adopted the 
same system of planes to connect them with the 
Champclauson mines. ‘The réseau was completed by 
a water balance which, besides utilising the water 
pumped from the mines, raises the coal from the 
washing depét of the Ravine mines as far as the 
descending plane for the full wagons, thus raising 
them through a height of 367 ft. This system formed 
the point of departure for the whole organisation of 
transport in which inclines and the weights of the 
wagons are combined so as to enable all the move- 
ments for transport to be automatic. The washing 
plant comprises the old system of tanks with 
plungers, which, modified and driven by power, 
can supply 1000 tons of washed coal per day. 
The coke ovens have a capacity of 530 tons of 
coke, and there are besides two other sets nearly 
completed, and able to produce double that quantity. 
The briquette factories comprise (1) at Pise two 
Mazeline machines producing blocks of 22 1b. each ; 
(2) one Evrard machine; (3) two Middleton ma- 
chines; (4) one machine for producing perforated 
briquettes, (5) at Alais one Mazeline machine which 
can turn out 800 tons of briquettes per day; (6) 
finally at Marseilles the factories include one double 
hydraulic machine for 22 lb. blocks, and specially 
adapted for making briquettes from a mixture of 
Grand’ Combe coal and the Trets lignite ; this ma- 
chine can produce 400 tonsaday. Ample repair 
shops and stores complete the works of the com- 
pany ; as to the management of the mines it has for 
27 years followed the system inaugurated by the 
well-known inspector-general, Callon. Want of 
space does not allow us to enter into details re- 
specting the long success of the works ; it is sufficient 
to say that the management and production of these 
mines promise for the future as for the present, a 
production of coal sufficient to supply all the in- 
dustrial requirements of the basin of the Gard. 

Method of Working.—The sections of the different 
seams already worked by the company show that 
their thickness ranges from 16 in. to nearly 33 ft. ; 
the inclination varies generally from 1 in 10 to 1 in 
2. All seams, the thickness of which is less than 
8 ft., are supported by pillars and walls made either 
from the débris of the seams, or from the material 
obtained by enlarging the galleries. All workings 
in seams of which the thickness exceeds 8 ft. are 
afterwards filled by material brought from the out- 
side. 

When in 1856, in consequence of numerous acci- 
dents caused by fires in the mines and by the fre- 
quent explosions of firedamp, it was decided that the 
coal removed from the thick seams should be re- 
placed by earth filling brought from the outside, a 
double system of transport for full wagons was 
necessarily established; one set of these wagons 
loaded with filling having to ascend to the highest 
working, whilst others loaded with coal had to be 
brought to the lowest part of the works to be either 
raised by the shafts, or to be removed through the 
galleries opening into the valley. This double 








ditions which were entirely opposed. In order 
to bring in either empty wagons or those filled 
with débris, it was necessary to construct works 
analogous to those required for bringing out the 
loaded coal wagons. To insure this, it was 
necessary to give to each of the galleries a 
sufficient slope to allow the trains to descend only. 
This involved a somewhat greater depth of shaft, 
the increase being equal to about one-hundredth 
of the length of the galleries, The inlet gallery is 
connected to the different levels it has to supply, 
either by means of balances or by inclined planes, 
exactly as the outlet gallery is connected to the 
same workings to receive the full coal wagons. 

The movement of the ingoing wagons is very 
simple ; they pass the spoil bank, are loaded, and 
then enter the mines either by galleries or by special 
shafts, are raised to the highest level, and are trans- 
mitted to the workings, where they are emptied 
and refilled with coal. They are then placed on the 
lower incline, and descend to the shaft to be hoisted. 

The trucks have a capacity of about half a cube 
yard ; a part of the empties, or those filled with spoil, 
enter the mine by an adit Hy on to the loading 
stage, the others are lowered by a special shaft with 
a balance. Figs, 4 and 5 show the general arrange- 
ment, 

The Champclausen Mines.—In these mines the coals 
are delivered from a gallery opening on to the valley. 
The second relief plan exhibited, shows the arrange- 
ment adopted. The empty wagons are raised up 
the side of the hill, as far as the highest workings. 
They pass the spoil quarries, are loaded, and enter 
the mine by the inclined plane formed in the seam, 
are passed on to the workings, emptied, recharged 
with coal, and descend the inclined plane which 
brings them to the surface. 

Products.—The production of coal, which in 1836 
was 34,500 tons, was increased successively in 1840 
to 112,000 tons, in 1850 to 222,000 tons, in 1860 to 
418,000 tons, in 1870 to 482,000 tons, and in 1877 to 
645,000 tons. The manufacture of coke, which in 
1840 was 4000 tons, reached in 1877 no less than 
75,000 tons. The briquette industry, which com- 
menced in 1855 with an output of 12,000 tons, 
reached in 1877 about 168,000 tons. The new 
briquette factory in Marseilles is intended, as 
already stated, for the production of blocks made 
from a mixture of Grand’ Combe coal and Trets 
lignite. 

The association, established in 1837 to work the 
Grand’ Combe mine, and to construct the Gard 
railways, was transformed into a general company 
in 1855, after having ceded the railways made 
between the mines and Beaucaire, to the Paris, 
Lyons, and Mediterranean Company. At the com- 
mencement the country was practically a desert, 
with scarcely 600 inhabitants, in 1836. Workmen 
were then brought in from the neighbouring de- 
partments, from Isére, Bourgogne, and even from 
Belgium, and dwellings for 2500 hands were pro- 
vided by the company. Roman Catholic and Pro. 
testant churches and schools were also erected, as 
well as asylums and hospitals. At the present time 
more than 3000 pupils receive gratuitous instruc- 
tion. A fund, assisted by the company, assures aid 
to workmen and their families during illness, and 
medicine and advice are afforded gratuitously. A 
similar pension fund also exists, securing to work- 
men after the age of 55, and 25 years’ service, an 
annuity of 40/. a year. 

Large stores for provisions and other necessities 
of life have been founded, and supply goods almost 
at cost price ; the profits arising from this business 
are allotted to the relief funds, the disposition of 
which is controlled by the company. Finally, the 
company distribute prizes to the children, warm 
clothing in winter to poor workmen, &c., every 
year. Catholic and Protestant libraries exist for 
the use of all the emloyés. Under the influence of 
these many advantages, good feeling and unison 
between the master and workmen have existed since 
1848. 

Grand’ Combe has been made the chief town of 
the canton since 1878. The population, which was 
574 in 1836, was raised to 10,152 in 1876. 








WATER Suppty or Paris.—Paris is at present receiving 
over 120,000 cubic metres of pure spring water daily from 
the River Vanne, but even this large quantity is insufficient 
to meet the wants of all the inhabitants. A project is in 
contemplation by the —s for lying down pipes 
which would convey a supply to all the inhabitants of the 

uarters now receiving water from the Seine or the Canal 
de l’Oureq. The expense is estimated at 280,0001. to 


system of transport was organised under con- |320,0001 


, 





NORTHERN IRON TRADE IN 1878. 

A.rHouesH the changes in the iron trade of the north 
have not been so sweeping during 1878 as in some recent 
years either in variation of value or volume, yet there 
has been an intensification of the dulness known pre- 
viously in almost every branch of the trade, which has 
shown itself by lessened production, lower prices, and 
diminished wages. The year began with trade at what 
was deemed a low ebb, but there has been a further re- 
treat of its wave; and thus the number of furnaces in 
blast has been reduced, together with the production of 
ironstone, whilst prices have fallen, and wages in sym- 
pathy have been reduced, and the whole tendency of the 
trade has been to concentrate operations in those localities 
in which iron could be most cheaply manufactured, and 
from which it could be dispensed with greatest facility 
and cheapness. Glancing, first, at the iron mining in- 
dustry, it may be said that there has been a very consider- 
able reduction in the output, not only because the pro- 
duction of iron is less in Cleveland, but also ‘because in 
that reduced production there is now a larger proportion 
of iron from the richer ores of Spain and Algeria. The 
iron miners have had to submit to a reduction of 5 per 
cent. in the wages, and the rate is now—at 93d. per ton— 
lower than for many years. It may be assumed that the 
lowest point in production has been about reached, for 
stocks of ironstone are less than they were, and there is 
at present no tendency to increase the number of furnaces 
using imported ores. 

In the allied crude iron industry, it is first obsery- 
able that there is a reduction in the number of fur- 
naces in blast—from 106 to 94—and that out of the 
latter number, between 20 and 30 are producing iron 
from imported ores: The number of furnaces in 
operation in the Middlesbrough district is increased, 
those outside that limit are fewer in number in 
blast. Prices have fallen from 40s. per ton for No. 3 
to 36s., and though there is some reduction in the cost 
of the raw materials, it is certain that in many cases the 
margin has been reached where profit ceases and loss 
begins. The production in quantity is less than that 
of last year, when over 2,120,000 tons were made, whilst 
in the present year that production will not much ex- 
ceed 2,020,000 tons. There is also in the output a con- 
siderable quantity of iron for steel-making purposes, 
melted from the imported ores of Spain and Algeria, to 
the extent of over 300,000 tons. Less iron has been 
shipped from the ports, the declension being especially 
noticeable in the last month or two in regard to the 
quantity sent to Scotland. This, however, was partly 
due to other than ordinary commercial causes, and it may 
not continue, although the lower price of iron in the 
Glasgow market lessens the probability of a continuance 
of the excessive shipments from Cleveland of late years. 
Coupled with this there is, however, the fact that the 
output is reduced, and that in it there is included a 
portion of iron of another quality for use in the steel 
manufacture, so that there is an additional source of 
consumption. There is also, as we shall find, an increase 
in the production of finished iron which points to an en- 
larged use for this purpose of crude iron, and hence the 
falling off in the exports is toa large extent counter- 
balanced. 

Turning to the manufactured iron trade, we find that 
there isa larger use of crude iron in the foundries, which 
during the year have been continuously well employed ; 
and there is also a larger output at the malleable iron 
works. The iron rail trade has shown a further de- 
clension during the year, and instead of 300,000 tons of 
iron rails being made, not 30,000 tons are now yearly 
turned out. But in other branches of the trade there is 
a growth, which is largely due to the animation in the 
shipbuilding industry, which had caused a very material 
increase in the production of plate and angle-iron, the 
quantity of plates, angles, and bar iron made this year being 
estimated to be fully 60,000 tonsabove that made last year, 
though the price had been much lower. For instance, in 
regard to plates, the realised price at the end of last 
year was 6/. 15s. 8d., but the price has now fallen to 
61. 4s., whilst angles in the same period have fallen from 
61. 2s. 9d. to 5/. 10s., per ton. And the general quantitive 
average of the whole of the iron sold by the associated 
makers of the ngrth has in the same period fallen from 
6/. 10s. 7d. to under 6/. per ton, a rate given by the last 
quarterly return, but probably slightly in excess of that 
now current. And in another branch of the trade of 
growing importance, there is an increased output but a 
lower value also, in foundry work, The price of iron has 
been solow that very large orders for pipes and railway 
chairs, as well as for general castings, have been placed, 
and thus there has been a considerable addition to the 
quantity of crude iron used in the foundries. Railway 
chairs quoted at the close of last year at from 3/. to 
31. 5s. per ton, are now procurable at about half-a-crown 
per ton less than these prices, previously the minimum, 
whilst other castings have fallen in at least equal propor- 
tions. As iron has grown cheaper, in short, the area of 
its use has again extended, and we have thus a larger 
production of finished iron goods, though the value is 
proportionately lower. 

In sympathy with this decline in prices, wages have 
retreated, though not in all instances to the full extent. 
The iron miners have allowed a reduction of 5 per cent. 
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to be made without even claiming a reference to arbi- 
tration ; the workmen at the blast furnaces have similarly 
yielded ; and one reduction has taken place in the wages 
of the workmen in the manufactured iron trade, and 
another seems to be impending. If to these be added 
the reductions in the cost of raw materials, and the 
lessened rates for carriage now charged by the railway 
company, it will be found that though prices are seriously 
reduced, there is almost, if not quite, an equivalent 
relief to the producers and manufacturers. In all branches 
wages are now lower than they have been for nine years, 
and probably materials are also at their ebb in value. 
The dulness in the demand has marked itself thus, and 
its effects are seen in all branches of the trade, as well as 
felt by all classes connected with it. Wages and rates 
are at their lowest, full time is far from known at the mines 
or in the mills; and there has been during the year a 
very large addition to the amount of unproductive 
capital—to such an extent that there is now idle and un- 
productive in the Cleveland ironmasters’ district furnaces 
and mills to the normal value of at least 2,250.0002 
Probably it may now be concluded that the worst of 
the depression is known, for we have seen that so far as 
quantity is concerned, in one branch of the trade there 
is now a slight recovery. It may be fairly assumed 
that the general volume of trade in iron in the north- 
east is at its lowest, although the remark may need the 
qualification that some of the rills may further shrink. It 
is probable that there will be, for instance, even a 
smaller production of iron rails in 1879 than in 1878, but 
there is ground for the belief that the amount of 
malleable iron in the total should grow rather than 
further diminish. It cannot be forgot that there will 
be a continuance of the substitution of steel for iron 
rails, but there is not so rapid a development of that 
substitution in other branches of the trade, and mean 
time the low price of iron is to some extent stimulating 
the demand for it in many of its forms—more especially 
in those needful in shipbuilding. There has been during 
the last year or two a considerable change in the nature 
of the iron produced in the north, for whereas six years 
ago, iron rails formed over 56 per cent. of the whole of 
the manufactured iron produced in the north, the pro- 
portion is now not a tenth of that sum; whilst the 
proportion of plates and angles made has increased. As 
manufacturers have found the trade in one class of 
iron fall off, they have adapted their mills for a larger 
production of the kind chiefly in demand; and with 
briskness in shipbuilding which is for a time insured, an 
even larger output may be looked for. It should not be 
forgotten that there is increased competition in the 
manufacture of all classes of iron, and that ti uorth- 
east has no monopoly in that manufacture. But for 
some of our chief customers it has the advantage of 
possessing vast supplies of the raw materials disposed 
in proximity to each other, and also placed near navigable 
waters, whilst its smelting plant is not only extensive 
but capable of being most economically worked. It 
has yet to carry out some of the latest economies in the 
finished iron trade; butin the adaptation of works such 
as has taken place, and is still in progress, there are 
‘ symptoms that the future of the northern iron trade 
should be brighter. 








MINERAL PRODUCTS IN AUSTRIA. 
AccorpinG to official statistics the following quantities 
of minerals were raised in Austria* in 1877 : 


tons. 

Gold at - 105. 
Silver ores wa 9,561.5 
Iron sy ..  538,701.0 
Copper ,, * 4,845.5 

mn i ie - —_ 9,899.8 
Graphite ... ooo eee - 11,857.6 
Brown coal ooo ni pee . 7,126,019.2 
Coal ‘ ose 4,885,863.4 


Other mineralsand ores. —« -—-:196,090.0 
The values of these mineral products was 4,071,575, 
showing a decrease of 78,215/., as compared with the year 
1876. 
In Bohemia, Moravia, and Silesia, the quantities of 
minerals raised, in the same period, were the following : 


tons. 

Gold sik one ro jes ate 6.7 
Silver ores (chiefly at Pribram) ooo 9,561.5 
Iron ,,; bes saa am bic 7 
Copper , is aie we eco ij 

— * aaa 
Graphite ... ey bis aie ae 8,813.6 
Brown coal iis a ose ee 5,111,934.8 
Coal as a ae di w+ 4,5592,485.1 
Other minerals and ores 4 152,000.5 


Thus silver ores are furnished by the whole of 
this group of countries; of coal almost the whole 
quantity is raised in Bohemia, Moravia, and Silesia, their 
contribution to the total quantity of brown coal raised in 





* Hun not included. Austria, in the present mean- 
ing of the word, comprises the following countries : 
Bohemia, Moravia, Silesia, Galizia, Bukovina, Lower and 
Upper Austria, with Vorarlberg, and the Salzkammergut, 
Tyrol, Styria, Carinthia, Krajina, Istria, and Dalmatia. 
The official name of this group is Cisleithany. 

+ The quantities are given in tons of 1000 en 
2204 Ib. this ton differs only slightly from the English ton. 


Austria amounting to 70 per cent. and that of graphite to 
66 per cent. The value of minerals and ores raised in 
Bohemia, Moravia, and Silesia in 1877 was 2,824,0001, 
or about 70 per cent. of the total value in Austria as 
given above, 

The value of salt produced in Austria during the year 
1877 amounted to 2,232,381, showing an increase of 
80,5741, as compared with 1876. No salt is produced in 
Bohemia, Moravia, and Silesia, the chief salt-producing 
countries being Galizia (value 980,790/.), and Upper 
Austria (value 546,1871.); sea-salt is produced in Dalmatia 
and Istria to the amount of 34,000 tons annually. The 
number of men, women, and children employed in the pro- 
duction of salt in Austria is 8800, the whole quantity of 
salt produced in 1877 being 251,057 tons. 

The products of metallurgical processes in 1877 repre- 
sented a value of 2,255,603/., this value being superior to 
that of 1876 by 141,183. In Bohemia, Moravia, and 
Silesia, the corresponding value was 1,021,465,.or 45 per 
cent. of the total. 
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THE FLOW OF WATER THROUGH 
ORIFICES IN THIN PLATES. 
To THE EDITOR OF ENGINEERING. 
Srr,—In ENGINEERING of August 16 last you published 
a letter and diagram from me, giving the experimental 
pressures in a stream to and from a round orifice in a thin 
plate. Shortly afterwards I received a letter in which the 
writer informed me that with regard to round orifices no 











calculation had been made as to what the pressures re- 

ferred to would be, but that with an indefinitely lon 

narrow orifice he had succeeded in bringing mathemati 

analysis to bear on the matter, in so far as the pressures 

in one particular line are concerned. That line is one 

pune through the centre of the orifice at eo angles to 
in 





1 om and extending some distance back the cistern 
and forwards some distance outside of the plane of the 





orifice. That is, « a eraepcaiiog to that which gave 
the S-sha curve M MNN in my former diagram. - 

The main object of my correspondent, he informed me, was 
to try to induce me to ascertain the experimental pressures 
in the line described. I had had, as you may suppose, 
_ enough of experimenting, and at first I saw great 

iculties in the way of performing the experiments 
desired with sufficient precision, considering the limited 
means at my command. In the first place, if the orifice 
were exceedingly narrow, then it would require very exact 
measurements to determine the centre of the width, and 
also to determine the distance from the plane in terms of 
the width. On the other hand, if the orifice had a satis- 
factory width and was indefinitely long proportionally, then 
nothing much less than the Loch Katrine Water Works 
would have sufficed to supply the requisite quantity of 
water. However, I afterwards saw that according to my 
plan of experimenting (which I to have sent you 
an account of long ago, and hope to do so soon) there was 
no difficulty in determining the exact centre of the width, 
or rather the difficulty would be to get away from it. 
Then I thought I saw, and afterwards proved I was correct 
in thinking, that I could make a square orifice do as well 
as one indefinitely long. Having got over these difficulties, 
and seeing the interest attached to the comparison between 
the calculated and the experimental pore “mg I set about 
ascertaining the latter, which are given in the adjoining 
Table in Columns K and I, and on the S-shaped curve 
IL KK on the accompanyi i m. For comparison I 
give in Columns M and N, and on the curve MM NN, the 
corresponding pressures with a round orifice. 

Let O in the diagram be the centre of an indefinitely 
long narrow orifice in the thin plate C D which forms the 
side of a tank or cistern. Let OC bea head of water in 
the tank above the centre of the orifice. Then the vertical 
distances from A B to the spots on or near the curves are 
the relative experimental pressures compared to the total 

ressure O C. The numbers from O to A and from O to 
are respectively the distances back from the plane of the 
orifice into the tank and forward to nearly the vena con- 
tracta given in twentieth parts of the diameter of the 
orifice, or of its width, as the case may be. 

The numbers 0, 1, 2, &c., on the Table refer to the 
numbers on the line A B. 

I may add that excepting as to one position, I do not yet 
know the calculated pressures, but I believe that shortly 
after this letter appears 3 will be : ee ; or the 
may be now as far as I know, but I stipulated that I shoul 
not be informed in regard to them till after I had com- 
pleted my experiments. Those who have never had occa- 
sion to try experiments requiring great care and discrimi- 
nation can hardly appreciate how difficult it is to avoid 
being biassed one way or the other. The one point at 
which I have learned the calculated pressure is the centre 
of the plune of the long narrow orifice, and the pressure is 
calculated to be .58 of the total head, and my experiments 
gave me a shade over .59. Curiously enough the pressure 
at that same point had been tried ———— by the 
— who induced me to try the whole line, and 
- made .59 the nearest that it could be represented by two 

igures. 
I am, Sir, your obedient servant, 


RosertT D. Napier. 
Glasgow, December 7, 1878. 


NOTES FROM THE NORTH. 
GuLascow, Wednesday. 

Glasgow Pig-Iron Market.—When business was resumed 
on the morning of Thursday last, the 2nd instant, the 
warrant market was very dull, and the only transactions 
that were recorded were done at 43s. 14d. down to 43s. 
cash, and the market closed with sellers at 43s. 1id., and 
buyers at 43s. No market was held in the afternoon. 
Prices were somewhat the same on Friday forenoon, and 
again there was no market in the afternoon. At the open- 
ing of the market on Monday a marked degree of weakness 
was evident, but prices subsequently became firmer. Busi- 
ness was done at 43s. cash during the forenoon, and the 
market closed rather buyers at that price. No business 
was reported in the afternoon, but sellers were firm at 
43s. 2d., and buyers offered 43s. 1d. cash. Business was done 
in warrants yesterday forenoon at 43s. 24d. for ten days, 
buyers at the close offering 43s. 2d., and sellers holding out 
for 43s. 3d. cash. The firmness was not just so marked in 
the afternoon, but iron changed hands at 43s. 24d. cash, at 
which sellers remained at the close, buyers offering 1d. per 
ton less. On the whole, sellers were shy, and not much 
business wasdone. There was a flat market this forenoon, 
with business done at from 43s. to 42s. 10d. cash, sellers 
at the close asking 42s. 10}d. cash, and buyers ——s 
42s.9d. The afternoon market was quiet and steady, an 
prices remained the same as at the close of the forenoon 
market. Scarcely any business of importance is being 
done in makers’ iron, the season of the year being against 
and prices are decidedly tending downwards. Several 
brands can now be had in second hands on easier terms 
than those that were quoted very recently. The number 
of blast furnaces in actual operation has been reduced to 
91, as against 86 at the same time last year. Up till last 
Friday night the stocks of pig iron with Messrs. Connal 
and Co. had risen to 199,917 tons, the increase over the 
week being 402 tons. Last week’s shipments of pig iron 








from all Scotch ports amounted to 4655 tons, as compared , 


with 2441 tons in the corresponding week of last year. 


The Wages and Fifty-Hour Movements.—It is reported 
that the workmen employed by Messrs. Denny at Dum- 
barton have agreed to accept the 74 per cent. reduction of 
wages. A practical move has also been made towards ro- 
turning to the fifty-four hours’ system of weekly work in 
the Glasgow district. Some months ago the anbject was 
under the consideration of the Master Shipbuilders’ and 
Engineers’ Association of Glasgow, but no practical steps 
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were taken to enforce the increased hours, the masters 
being content with reducing the wages, and the men 
agreeing to accept the reduction rather than give way on 
the question of hours. Many employers, however, believe 
that a return to the former system is necessary to enable 
them to compete successfully, not only with employers in 
England, but with foreign competitors. Notice has been 
given in Hyde Park Locomotive Engine Works, Glasgow, 
that, on the resumption of work after the holidays, the 
working weekly hours will be extended from fifty-one to 
fifty-four, with 1s. of increase of pay. Another locomotive 
establishment will follow a similar course, and in that event 
about 1000 men at least will be concerned. Judging from 
the feeling of the workmen as formerly expressed, strong 
opposition will doubtless be offered if an attempt to increase 
the hours is made in Scotland. The workmen will pro- 
bably hold meetings on the subject on an early date, but, 
of course, much depends on the result of the movement 
in England. While there is unanimity among the Scotch 
employers that an increase in the working hours is 
necessary, at least in the present condition of trade, the 
spirit of opposition is no less strong and decided on the part 
of the workmen. 


Royal Society of Edinburgh.—The third ordinary meet- 
ing of the Royal Society of Edinburgh was held on Monday 
evening, Protessor Kelland, President in the chair. Mr. 
James Blyth, M.A., submitted ‘‘ Notes on some Experi- 
ments with the Telephone.’’ Professor Tait read a ‘“‘ Note 
on ‘‘ Preliminary Experiments on the Thomson ‘ Effect’ by 
Means of the Gramme Magneto-Electro Machine.”’ 








THE METROPOLITAN BOARD AND THE THAMES.—The 
Board seems to be getting its hands full in respect to the 
sewage in the Thames. Ata recent meeting a letter was 
received from the Plumstead District Board inquiring what 
steps the Metropolitan Board of Works proposed to take 
in order to prevent the pollution of the Thames by the 
sewage at present cast into it, and urging the necessity of 
their adopting some system of deodorising the sewage, and 
of utilising it in cultivating waste lands. There was also 
a communication from the vestry of Plumstead requesting 
information with regard to certain statements made by 
the Board of Works on the subject of carrying the metro- 

litan sewage to the Maplin Sands (a plan first suggested 

y Mr. Hope). The letter asked when the suggested 
scheme of utilisation and reclamation would be carried out. 
This inquiry, we should imagine, will somewhat puzzle the 
Board. On the other hand, the Erith Local Board, in a 
communication, stated that they had already arranged a 
system of drainage (with their own outfall in conjunction 
with the metropolitan sewers), which will be cheaper and 
more efficient than any plan that can be proposed by the 
West Kent Main Drainage Board, and that they will oppose 
any attempts to include Erith as a contributory to the 
scheme of the last-named board. Lastly, the troubles of 
the Metropolitan Board are increased by complaints of in- 
undations at Pimlico. It appears that the King’s Scholars 
Pond sewer has been recently so overcharged by the rise of 
the Thames that the houses in Tachbrook-street and other 
parts of the district were seriously inundated, some of the 
basements being flooded to the extent of 2ft. in depth. 
Complaints were made to the Metropolitan Board a year 
ago, but with no result. Medical men in the locality state 
that diphtheria and other maladies were produced by the 
smell from the sewer, which is as large as an underground 
railway, and above the level of the rooms occupied by 
people. 
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Tue Evecrric Lieut 1n THE Factory.—An interest- 
ing experiment bas recently been made in the introduction 
of the electric light into the factory of Messrs. W. D. and 
H. O. Wills, of Bristol, the well-known tobacco manu- 
facturers. The machine used was the American ‘‘ Wallace- 
Farmer’’ machine, being the same as that used by the 
American inventor, Edison, the “‘ armature’ of which 
consists of a number of bobbins arranged round the 

riphery of the wheel. These rotate at the speed of about 
a revolutions per minute between the poles of a power- 
fal electro-magnet, which is joined upon the same circuit. 
This generates the current of electricity, which is carried 











round the extensive factory by cables that traverse the 
several rooms, so that by severing the cables in any rcon 
and attaching the two ends to a Wallace lamp, as mauy as 
ten electric lights can be obtained in as many departments 
of the establishment. The machinery was fitted up under 
the supervision of Dr. Thompson, of the Bristol University 
College. 





THE St. GoTHARD TUNNEL.—At the close of November, 
1878, the aggregate distance pierced on the St. Gothard 
Tunnel amounted to 13,277 yards. It is thought that the 
tunnel can now be completed within a year. 
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STEWART’S DOUBLE-CHECK PRESSURE 
GAUGE. 


WE subjoin an engraving illustrating a form of double- 
check pressure gauge which has been patented, and 
lately brought out by Messrs. A. and C. Stewart, of the 
Port Eglinton Brass Foundry, Glasgow. The arrange- 
ment consists, as will be seen, of two independent pressure 























gauges of the Bourdon type, enclosed in one case, and work- 
ing two hands, each having its own independent scale. If 
the gauge is all right, the two hands of course indicate 
the same pressure; but if one half gets out of order, the 
error is at once shown by the non-agreement of the indi- 
cations. By turning the handle of the stop-cock up- 
wards, steam is shut off from the gauge, and that 
enclosed in the latter is allowed to escape into the atmo- 
sphere, thus allowing the indications of the two hands to 
be checked as the pressure falls. The arrangement is a 
neat one, and gives the security due to two gauges so 
placed as to be very readily comparable. 





THE CLEVELAND INSTITUTION OF 
ENGINEERS, 
Address of the President, Mr. Joun GsErs (delivered 
November 11, 1878). 
(Concluded from page 19.) 

I HAVE now only to mention the process for making cast 
steel, which was introduced by Mr. Henry Bessemer in 
1855. You are all aware how this process is working a 
revolution in the iron and steel trade. By its means, at 
once so simple and direct, the cheapest steel is produced at 
the present day. It is not my object here to enter into 
details of this or any other process, but I will only 
remind you that the novelty of the process consists in 
decarbonising fluid cast iron by forcing atmospheric air 
through its mass, whereas the old charcoal finery process 
consisted in blowing atmospheric air on to the surface. 

As to iron, the only historically prominent feature which 
remains for me to mention is the introduction of me- 
chanical puddling by means of rotary furnaces, which was 
first brought under notice by Tooth in 1861; was experi- 
mented upon by Mr. Menelaus, who failed to get satis- 
factory results; but was again, in 1871, brought promi- 
nently forward by Danks, who certainly deserves great 
credit for having shown that the process was practicable. 

I will now only remind you that in all the different pro- 
cesses which from time to time have been introduced, iron 
and steel have run side by side. The one modification or 
the other, either soft or steely iron, can be produced at 
pleasure, perhaps with more or less difficulty, but depend- 
ing in every case principally upon the more or less carbon 
that is allowed to remain in the final product. 

Having now given you a short, and I fear imperfect, 
outline of the history of iron and steel, I purpose to 
consider some of the technical points in connexion with 
that manufacture, as it presents itself at this the highest 
— of its development in our own country. But, before 

oing so, allow me to remind you that, in all those great 
improvements which have from time to time taken place in 
the manufacture of iron and steel, Englishmen stand out 
prominently as the great inventors and developers of new 
ee me And not only does this apply to the iron trade, 
but to all the great industries. How this is, and its bear- 
ing upon theoretical and practical education, is a question 
well worth considering. 

Undoubtedly England, since the practical introduction 
of steam as a motive power by Watt, has taken the lead 
amongst all the nations upon earth in industrial develop- 
ment. So rapid was this development after the introduc- 
tion of railways, and so powerfully did it influence the 
particular trade we are connected with, that all other 
countries were left far behind. 


The lead this country got over other nations, thanks to 
its admirable geographical position, and to its great natural 
resources in coaland iron ores, coupled with the undaunted 
energy of its people, in itself goes far to account for what I 
allude to—that great inventions and improvements sprang 
up from our workshops and metallurgical establishments 
for, as the necessities arose—and in this country they would 
arise first—so men were found equal to the occasions, and 
supplied the wants. : ie 

Other nations, gen ce not inferior in intelligence, were 
content to be taught, and to follow the example this country 
gave them. They admired and copied; their best men 
wrote technological books og = ng and explanatory of 
the various processes, and gave their young men a great 
deal of theoretical knowledge. Their being fully occupied, 
as they thus were, in trying to come up to the industrial 
standard of England, to some extent accounts for the 
scarcity of industrial inventions in other countries at a 
time when Englishmen, spurred on by the necessities they 
saw before them in their daily practical life, abounded in 
them. 

All the vast industrial fabric in this country having been 
reared and sustained by men who, ‘as a rule, had not re- 
ceived any theoretical training, how is it that we now 
begin to think we are wrong, and make endeavours to 
supply that scientific training of which we acknowledge 
ourselves to be short? The answer, I think, is to be found 
in the fact that through the rapid intercourse of everything 
at the present day, from persons to commodities and ideas, 
and the full blaze of light which is thrown on every im- 
provement, ‘our rivals on the Continent have had special 
advantages of knowing what we are doing, and we find 
them now close upon our heels in industrial pursuits. 
The present generation abroad have now also their 
practical men—not, perhaps, inferior to our own—leading 
their industrial operations, and we begin to find that 
they possess an advantage in having, as a rule, a better 
theoretical knowledge than we have of the particular 
science which bears on the operations'they have to conduct. 
In this country at the present day there is a strong re- 
action setting in, but there is a fear that the advantages of 
scientific training may be over-rated at the expense of 
the practical. it be a question which of the two, I say 
unhesitatingly give me the practical man, who will conduct 
industrial operations from a common sense and commercial 
point of view, rather than the scientific experimenter with- 
out practical experience. Don’t let me lead you to think 
that I wish to under-rate scientific knowledge, for what- 
ever little success I have had throughout a practical life I 
attribute to the advantage I have had, over the prey 
practical man, of some little scientific training in early life. 

We come, then, to this in any industrial establishment. 
The workmen require only the practical training got 
through a long apprenticeship, such as is customary in 
this country. The foremen ought to be the pick of these 
highly-trained men, who by good conduct and temper are 

best fitted to lead their fellows. The manager ought to be, 
not one who throughout a long apprenticeship has had his 
attention concentrated upon one particular part of the 
business, but one who has a general practical knowledge of 
the whole, coupled with a thorough knowledge of the 
particular science on which the operations are founded. 
The master should possess all the knowledge of the 
manager, coupled with the necessary commercial ex- 
perience ; and all should possess that common sense, good- 
will, forbearance, and charity which is necessary for success 
in any station of life. 

If we mean, then, successfully to keep ahead of our com- 
petitors, let us by all means have technical and scientific 
education, coupled with practical experience derived from 
the workshop itself, given to all those young men who are 
to be the future leaders of our industries. Do not en- 
deavour to make them—say in our particular iron, coal, or 
engineering trades-—scientific chemists, professional geolo- 
gists, or accomplished mathematicians. The habits and 
tastes of the purely scientific man do not fit him for the 
somewhat rough reality of practical life. But give him an 
exact knowledge of all the chemical and air facts that 
bear on his future business; give him, ides, a general 
knowledge of all the forces of nature; let him know some- 
thing of political economy ; let him master French and 
German. If, with the rest of the general education a 
young man is supposed to possess, he combines a practical 
knowledge of his trade, then he is fitted—as far as education 
can fit him—to become an industrial leader of the present 
day, and nothing less will enable us to continue to keep 
that position in the industrial world of which we are so 
justly proud. 

Look we now to the modern blast furnace, standing out, 
as it does, in massive simplicity, defying all rivals in 
cheaply separating the iron from the ore. Several attempts 
have been made in modern times to hark back to the ancient 

ractice of producing iron in the malleable state direct 
rom the ore, and, noteworthy, To recently by the 
talented president of the Iron and Steel Institute, Dr. 
Siemens. Time does not permit me to go into details ; but 
it does seem to me that the large consumption of fuel, the 
great waste of ore, and the disadvantage the process has 
as regards labour, should render the contest hopeless. At 
best the direct process could commercially produce material 
for remelting into steel, whereas the pig iron, produced so 
much more cheaply in the blast furnace, is in as forward a 
condition, as regards the ultimate finished article, for con- 
verting by the Bessemer process. 

The modern blast furnace, turning out 400 or 500 tons of 
iron a week with a consumption of one ton of coke per ton 
of iron, and practically no iron lost in the slag, the furnace 
itself supplying all the power necessary to keep the whole 
in continuous and re; motion from year to year, is a 
triumph of manufacture which it has required ages to bring 
to its present state of perfection, and which it is not easy to 





set aside. 
You know so much about blast furnaces—the subject is 





so trite amongst us—that I don’t care to dwell long upon it, 
although I, for one, must confess that after twenty-five 
ears of experience I can continually learn something new. 
truth the blast furnace, with all its ——o chemically 
and mechanically, is a most complex problem, and its well- 
doing depends upon so many conditions, that the man who 
thinks he knows all about it is sometimes sorely puzzled. 
The Fs; student of chemistry will perhaps confidently 
assert that, with so much ore, so much fucl and flux, so 
much blast, and such cubical contents of furnace, a certain 
result will follow ; but the fact is the result does not always 
follow as anticipated. A multitude of mechanical questions 
come into play, a knowledge of which can only be gained 
experience. For instance, necessary as it is to know 
the chemical composition of the ore you intend to smelt, it 
is at least of equal importance to appreciate its mechanical 
condition. Every coke merchant in these enlightened 
times will tell you how much ash and sulphur his coke 
contains ; but if you don’t know something about its me- 
chanical condition you may be sadly misled. Experience 
only will teach you the best size and shape to give to your 
furnace, and this is entirely dependent upon the mechanical 
condition of your minerals. Experience only can teach 
you which is the most advantageous mode of charging the 
minerals into the furnace, and this depends to some 
extent also upon their mechanical condition, and on this, 
from a chemical point of view, insignificant matter, may 
depend, I am persuaded, the commercial prosperity or ruin 
of the undertaking. 

Chemistry is a most necessary adjunct to the successful 
iron smelter, but to those who claim for chemistry the 
credit of the modern advancement in iron smelting I would 
point out that scientific chemists have not taken the initia- 
tive, nor been directly instrumental in introducing any of 
those great improvements which have brought blast-furnace 
nee to its present state of perfection ; they have rather 

ollowed in the wake, explained and elucidated, after the 
improvements had been accomplished. Nevertheless to 
such men as Dr. P whose valuable services in the metal- 
lurgy of iron and steel, and to Isaac Lowthian Bell, whose 
valuable investigation of the chemistry of the blast furnace 
you all know, the iron-smelters of this and other countries 
are greatly indebted. Speaking about our particular prac- 
tice in Cleveland—the stan at which other districts 
and countries have aimed, and some of them have perhaps 
arrived at, though, judging from what has been said by 
some of our American cousins, they fancy they have far 
surpassed it, whilst ia truth they are, with a few note- 
worthy exceptions, still floundering in many of those ques- 
tions upon which we, from older and riper experience, 
have got more settled opinions—I must say, looking at the 
best eee of that practice—that there is not room for 
much further improvement. The useful size of the farnace 
has already been exceeded. The useful limit in the pres- 
sure and heat of the blast has also been exceeded ; and no 
truth is more certain than that, with given conditions of 
minerals and furnace, the increase of silicon in the pig iron 
—which above a certain quantity is a disadvantage—in- 
creases directly with the heat of the blast. 

The gases have been perfectly utilised, and the labour, I 
think, reduced pretty much to « minimum. Lesser improve- 
ments in mechanical details and conveniences generally, 
which will tend to more regular and perfect working— 
although in these matters we have reached a high standard 
—-there is still room for. With regard to the minerals, I 
think we might be more careful in excluding objectionable 
matter in the ironstone. I would point to the extra- 
yageatly large size of the ironstone which it is now the 
habit of mineowners to supply to the furnaces. Then, as 
to the coke, undoubtedly the er it is the better, as the 
soft coke wastes in its pry down the furnace, and less 
remains when it arrives at the tuyeres, where the work has 
to be performed. The candle also burns at both ends, for, 
as the coke wastes, so the mineral ash which has to be 
melted increases. Suppose a soft coke with 10 per cent. 
ash wastes one-half, the remainder has to melt 20 per cent. 
of ash—hence you will readily see how a hard and dense 
coke containing more ash may have the advantage over its 
purer but softer and more porous rival. 

In my opinion a considerable advantage would aecrue 
both to the ironmaster and the coalowner, if the latter 
would go to the small expense of having the whole of the 
coal intended to be coked crushed or disintegrated, as there 
can be no doubt coke so made is much denser and harder. 
The very large pean | of third-rate coke now in our 
market might with equal advantage to them both be made 
into a good quality by the addition of the now so well 
understood process of washing. 

As regards the conversion of pig iron into malleable, you 
are aware that the old puddling furnace is still, with com- 
petent workmen, doing good work ; but there is no doubt 
that a great deal of bad puddled iron, from this very want 
of competent puddlers, has been made, to the discredit of 
puddled iron in general. Many people say that the days of 
puddling are over. It may be that the best days of the old 
puddling furnace are past, but I don’t think we have done 
with pu dled iron yet. There is plenty of room for both 
puddled iron and steel. The consumption of Bessemer 
metal will no doubt increase, and puddling probably decline, 
but it will bea gradual process. But more of this here- 
after. Much economy has been effected by the double 
furnace and mechanical rabbling, and the ‘‘ Pernot’’ fur- 
nace, with revolving bottom and fired by gas, is doing good 
work in France ; but in this country, as you are aware, it 
is the rotary furnace which has met with most favour. It 
is —— at present to go into the details of mechanical 
puddling, but you are aware that Messrs. Hopkins, Gilkes, 
and Co., who have persevered so pluckily with the Danks 
furnace, are now turning out exceedingly good iron. The 
fact of their having received a ‘‘ Gran ize’ for their 
puddled iron at the Paris Exhibition speaks for itself. The 
iron is exceedingly soft and ductile. The analysis of Danks 
iron shows great purity, and the breaking strength and 
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elongation show results, which the very best mild steel of 
equal softness and ductility has some difficulty in exceeding. 
(See Table of Analysis and Breaking Strength.) Ingot 
iron can be made to give a greater stre , though at the 
expense of ductility and softness, by and in proportion to 
the quantity of carbon it contains. I would suggest that, 
by a small addition of spiegel with moderate manganese 
before the iron comes to nature in {the Danks furnace, 
equal results as to ultimate breaking tests might be 
obtained. With the small amount of carbon there are no 
good reasons, in spite of what Mr. Adamson may say, why 
properly welded iron or puddled steel should not be as 
strong as that which has been fluid. 

Unfortunately, I think, for the Danks furnace, econo- 
mical considerations demand large charges, which means 
difficulties in many ways. Witha 5cwt. or 6 cwt. ball many 
of these difficulties would disappear. In this, as in several 
other respects, there certainly is much room for improve- 
ment, which I think there are good reasons for believing 
will be made, so that it will ultimately supersede altogether 
the crude process of od pene 

The only other furnace I need refer you to is the “‘ How- 
son-Godfrey.’’ You all know it is very perfect and con- 
venient in its mechanical arrangements, and I cannot help 
thinking that it has a future before it. As yet, however, 
the published results are too meagre to form an opinion, but 
we shall hope during the session to hear more about it. 

Coming now to the manufacture of steel as it at present 
exists in this country, we have the time-honoured Sheffield 
pot-steel process, which continues to be carried on much 
the same as when first introduced by Huntsman, viz., 
melting blister steel made from Swedish bars in crucibles. 
This is, however, only for the very best purposes, as 
ordinary crucible steel is now melted from all sorts of less 
valuable bars, and from Bessemer old steel rails and scrap 
ends. But for most of the heavier purposes the Siemens- 
Martin process, which is dissolving wrought iron in a bath 
of cast iron on the open hearth of a reverberatory furnace, 
is now carried on. To make a good article the bath must be 
pure cast iron free from sulphur and phosphorus, and the 
wrought iron, either as scrap or puddle-blooms, must be as 
free as possible from these impurities. 

The Siemens process, as you are aware, consists in decar- 
bonising a bath of cast iron with iron ore. As in the pre- 
vious process, the materials must be pure. No very cheap 
steel can be made by either of these processes, but un- 
doubtedly with good materials steel or ingot iron of the 
very purest and softest kind are produced. 

I don’t know why blast through the medium of a mov- 
able tube sach as the blast-rabble, at one time proposed as 
an adjunct to the puddling process, has not been resorted 
to, as it certainly would greatly facilitate this particular 
Siemens ore process. Steel for casting purposes and ingot 
iron of very mild qualities can certainly be made by the 
above processes of a better quality than by the Bessemer 
process. I wish here to give my entire assent to an opinion 
iately expressed by Dr. Siemens—with the proviso that 
when he uses the word “ steel’’ I will use ‘‘ ingot iron’’— 
that the best possible ingot iron is that which is absolutely 
pure iron, plus the necessary carbon, and entirely free from 
manganese, silicon, or anything else; and if mild steel 
plates are ever to replace best puddled iron plates, then 
certainly manganese in such quantities as is usually found 
in Bessemer steel will have to be avoided. Manganese is 
that very substance which, highly useful though it be to 
make steel work well at a high temperature, makes it when 
cold hard, stubborn, and more brittle—such being the 
characteristics of true steel—also more treacherons, after 
repeated heating and cooling, and more liable to corrosion. 
It is perfectly in its place in a rail, as there isample margin 
for strength, and you want hardness, but out of place when 
extreme ductility and softness such as is required in ingot 
iron for plates. You will perhaps have noticed, at a recent 
discussion of the Iron and Steel Institute, a difference of 
opinion on this subject between Dr. Siemens and Mr. Isaac 
Lowthian Bell. The difference has probably arisen from the 
unfortunate confusion of terms in calling very mild ingot iron 
** steel.’’ I consider Dr. Siemens right if he confines his re- 
marks to his own mild ingot iron, and Mr. Bell perfectly right 
if he confines himself to steel proper. I consider this subject 
of the utmost importance, as I believe that many of the 
failures in steel plates are attributable to this very man- 
ganese. None of the qualities of steel are required in a 
plate ; and it is only when these so-called extra mild steel 
plates are made to excel puddled plates in all those qualities 
which characterise best iron that they will ever become for- 
midable rivals. 

The great bulk of the steel in the world, as you are 
aware, is at present made by the Bessemer process, which 
is a process of decarbonising cast iron by blowing atmo- 
spheric air through its mass. I need not go into details, but 
as none of the phosphorus or sulphur is removed, only such 
pig iron as is free from these impurities is admissible. 
‘Lhe problem of removing phosphorus in the Bessemer con- 
verter is to us of the utmost importance, as, unless this be 
solved, I fear we shall never make our inferior pig iron to 
any great extent available in steel-making. You are aware 
that many attempts have been made, and recently a Mr. 
Sidney Thomas has patented a process, which also appears 
to have been previously patented by Mr. Snelus, for the ap- 
plication of lime in the lining of the converter for the purpose 
of peeves the slag from becoming too silicious. You 
are aware that the ordinary lining of ganister, which is 
nearly pure silica, to some extent melts away, and tends to 
make the slag more silicious, the idea being that the silicic 
acid in the slag prevents the phosphoric acid from remain- 
ing in it. From investigations made by Mr. Stead and 
others, there would appear to be some justification for this 
belief. Others have given up all hope of removing the 
phosphorus, believing that at the high temperature of 
the converter tke phosphorus has greater affinity for iron 
than for oxygen. I am of opinion that the real cause 
why the slag remains so highly silicions, and why no 





phosphoric acid is found in it, has never yet been 
pointed out. Let us look at the circumstance. Imme- 
diately air is blown through the molten metal it begins to 
oxidise the iron, silicon, manganese, and phosphorus, some 
possibly at a greater and some at a slower degree, but 
probably in the order I name them. In the early stage 
there goes on a larger formation of slag, which would ulti- 
mately become rich in oxide of iron, and inevitably take 
up the oxidised phosphorus, were it not that the carbon, as 
soon as it commences to change from the graphitic state 
and assume the combined form, begins rapidly to oxidise, 
forming carbonic oxide gas, which, ascending through 
and in contact with the slag, continually decomposes the 
oxide of iron as well as the — acid, reducing them 
back to metallic iron and to phosphorus, which thus con- 
tinually return to the iron in the converter. It is this 
action of carbonic oxide gas at the high temperature of the 
converter which I believe has never been pointed out before, 
and it is due to this action, I submit, that we always at the 
end of the blow find the slag so poor in oxide of iron, an 
consequently with no phosphoric acid in it. 

I will only here allude to the persevering efforts of Mr. 
Isaac Lowthian Bell te cleanse Cleveland iron from phos- 
phorus by means of washing it in oxide of iron. I have 
no doubt, from some little experience of my own, that toa 
great extent he will be successful; but fearing, as I do, 
that a double process, which this involves, will be found 
commercially unable to compete with the Bessemer process, 
I don’t think we should in the least slacken our efforts to 
accomplish the desired result direct in the converter. 

I have now to consider some of the commercial questions 
which affect trade, and more particularly the iron industry. 
History has given us many examples of countries once 
great in commerce, industries, and the cultivation of the 
arts, after having accumulated wealth, gradually going 
down and returning to insignificance. Change seems to be 
in the very constitution of everything, and growth, 
maturity, and decay the order of Nature. It is easy to 
trace in the industrial life of a nation the tendency towards 
such a course. It is the accompanying evil of accumulated 
wealth, ina country like our own, that no sooner does any 
particular industry prosper than capital flows unduly in 
that direction. Over-production and over-competition is 
the result, disastrous to all concerned ; but the evil—if 
wealth may be considered an evil—cuts both ways, for, as 
wealth in a nation means higher rates of wages, the pur- 
chasing power of gold being less, so does also the greater 
demand for labour unduly raise its value. The wealthy 
nation is thus heavily handicapped in comparison with its 
poorer industrial neighbour. 

There are, in this country, not wanting evil prophets— 
and the present critical state of particularly the iron and 
coal trades seems to give some weight to their forebodings 
—that trade will never rise again to what it has been. Un- 
doubtedly the picture drawn by one of our great historians, 
of the future New Zealander sitting on one of the ruined 
arches of London Bridge contemplating the departed glories 
of the metropolis, may one day become-true, when all our 
coal is exhausted and all our iron ore done; but that day 
is so far in the future thatthe present generation need not 
fret much about it. As regards iron and coal, the few 
figures I shall lay before you, will, I hope, tend to satisfy 
you that, so far from this country having passed the 
zenith of its industrial development—and I believe it applies 
to all the great industries—we still continue to mount up- 
wards. I shall deal with the iron and steel industries as 
one, reserving the consideration of steel upon our par- 
ticular district; and, as coal is so intimately connected 
with the iron trade, I beg first to direct your attention to 
Table A (see next page) showing the total quantity of coal 
raised in the United Kingdom from 1865 to 1877 inclusive, 
and the quantities exported and used for home consumption 
over these numbers of years. 

Coal being at present such a drug in the market, and so 
unprofitable to the coalowner, the conclusion has been 
jumped at by some that the consumption has fallen off. I 

ave heard people try to account for it by so many iron 
works being unemployed, by steel rails requiring so much 
less coal in their manufacture than iron rails, and by foreign 
countries raising their own coals and not wanting ours ; but 
all this reasoning appears to be founded on false data, as by 
the Table it will be seen that the quantities both for export 
and home consumption during the years 1875, 1876, and 
1877, a peried of great depression, were very much in excess 
of the quantities during the good years of 1871, 1872, and 
1873, the excess on the average being about 11,000,000 tons 
perannum. Looking back over the figures of the whole 
series of years, it is evident that a continuous and large 
increase is taking place, and that we are still mounting 
upwards, and not declining. 

The reason, then, why coal is so unremunerative to the 
producer is not altogether that consumption has fallen off, 
but that too much coal has been opened out. But as coal 
is so large a factor in the cost of iron making, it is fortunate 
that to low prices for our manufactured iron we have not 
also to suffer scarcity of fuel, and this is another proof of 
the expansive nature of our resources. 

Take now the iron industry. You are aware that every- 
thing, be it iron or steel, has in the first instance to be pro- 
duced as pig iron. The Table B gives the production of 
the world from 1850 to 1877 inclusive, and each country 
separately. Confining our attention first to the total pro- 
duction of the world, the Table shows a continuous and 
steady increase from 1850 to 1871, the production being 
nearly three times enlarged in the space of 21 years. 
During 1872 and 1873 there is an extraordinary increase, 
but it will be remembered that the high prices of those 
years called into action a great number of blast furnaces 
all over the world which in ordinary circumstances of trade 
would not have been at work, and which accounts for the 
large abnormal increase ; but it must be satisfactory to 
note that the years 1876 and 1877 show a very much larger 
result than 1870 and 1871, which proves that the consump- 
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tion of iron in the world is on the whole steadily increasing. 
Look we now to the production of pig iron in our own 
country. We find about a similar increase from 1850 to 
1871, and we find, also, that the year 1877, though some- 
what less than the highest year on record, or 1872, still is 
the next largest, and compares very favourably with the 
year 1870, just preceding that extravagant time. 

But you will say, ‘‘Much of this pig iron was for the 
manufacture of steel, by which our Cleveland has suffered.” 
Let us look, then, upon the production of Cleveland iron 
only, and even these figures, I submit, need not e us 
despair. The Table C shows the make of pig iron in the 
North of England district from the years 1866 to 1877 
inclusive, and proves that the increase been continuous 
and steady, and shows the surprising result that the year 
1877 is actually the highest on record. Taking the stocks 
into consideration, the actual consumption in 1877 has 
perhaps been somewhat less than in 1872 and 1873; still it 
a favourably with the year 1870, and proves that 

emand for Cleveland iron is not decreasing, but con- 
tinually increasing. 

Coal and iron, then, are going into consumption still in 
continually increasing quantities. More trade is being 
done, but at no profits. The cause of the present extreme 
low prices can only be found in the power of production 
having been too much increased in consequence of so much 
capital having been tempted into the trade by the high 
prices of 1872 and 1873. We suffer, then, the natural 
consequences and reaction, but are very much ourselves 
to blame, and not the consumption, which, I think, the 
figures I have given prove to be going on at a satisfactory 
increase. 

There are special reasons which have tended to depress 
the Cleveland iron trade more than others, the principal 
being the fact that iron rails are now almost entirely super- 
seded by rails of steel. All our rail mills, which were our 
principal consumers of pig iron, being idle, but, more than 
this, no new rails being rolled, there is still a more than 
usually large quantity of old iron rails consumed in the 
district, to the detriment of our own pig iron. 

The loss to the North of England of the iron rail trade 
will be realised when you are reminded that, in 1872, 
300,000 tons of iron rails were turned out, against 36,900 
in 1877, and almost nil at the present time. 

But it is fortunate that the activity of the iron shipbuild- 
ing trade has come to the rescue; and to some extent filled 
up the gap. Through the kind assistance of Mr. Raylton 
Dixon I have been able to get from the Board of Trade the 
record of the number and gross tonnage of iron shipping 
built in the United Kingdom and the Colonies from 1860 to 
1877 inclusive, and a similar record of the shipping lost. 
From the Table D it will be seen that the increase has been 
very great, and it shows that the gross tonnage built in 
1877 was about double that built in 1867. From the 
authority of Mr. Dixon I have also that, taking the aver- 
age of a number of iron ships actually built, he found that 
it took in the hull of a ship 10.2 cwt. of iron of all sorts 
for every gross registered ton, so that, say in 1877, ship- 
building consumed about 200,000 tons of plates, angles, 
&c., which fact is equivalent to a consumption of more than 
250,000 tons of pig iron, a considerable portion having 
been manufactured in the North of England. (See Table 
D.) This does not include ships built for the Royal Navy, 
nor ships built for foreigners. 

It will thus be seen that iron shipbuilding is a large and 
quickly-increasing consumer of iron, and the Table proves 
that also in that direction we are steadily advancing, and 
not retrograding. But you will say steel is threatening to 
supersede iron for shipbuilding. i think, however, there 
are good reasons for believing, unless steel plates should 
come down very much in price, that only under exceptional 
circumstances this is likely to take place. Owners build 
ships to make the greatest possible return for their money, 
and as a steel ship at present costs from 9 to 10 per cent. 
more than one of iron, that is a pretty effectual bar; but 
the steel ship, in consequence of the lesser weight of its 
hull, will carry from about 5 to 6 per cent. more dead 
weight, although in ordinary trade cargoes it will carry 
no more. Itis only, then, under such exceptional circum 
stances of a ship — intended to carry nothing but dead 
— that steel might be advantageous to use in the hull 
of a ship. 

Steel versus iron, for this as well as for all other pur- 
poses, is to us in Cleveland a most momentous question. 
There can be no doubt that for purposes which require 
hardness and toughness, such as rails and tyres,‘steel has 
a decided advantage over soft iron ; but be it not forgotten 
that it is possible to make iron rails so hard-topped as to 
almost equal steel in wearing quality and with a sufficient 
strength to meet ordinary requirements, and that a large 
mileage of such rails is at the present in use, which have 
been exposed to the ordinary traffic on the North-Eastern 
Railway main line for more than fifteen years, and that 
such rails show an exceedingly small loss of weight. These 
rails were, I believe, made by various makers, but the 
particulars I have been unable to ascertain. 

It is to be hoped that the North-Eastern Railway Com- 
pany will thoroughly investigate this all-important matter. 
That iron rails, as a rule, were badly made with their top 
slabs of more or less fibrous iron ill suited for wear is but 
too true, but it is equally true that the steel rails of the 
present day of excessively low prices are not of the same 
wearing — as in the earlier stages. For the moment 
it is hardly worth while to pursue the subject any further, 
as steel for rails is just now made as cheap as iron; but I 
think the time must come—unless steel is successfully made 
in the converter from ordinary ores—when the extraordi- 
nary ores will get scarcer and dearer, and when, if steel 
continues to develop at the rapid rate it has of late, the 
difference in price might cause the question to be reopened. 
It must not be forgotten that the bulk of the steel industry, 
not only in this country, but also in France, Belgium, and 
Germany, mainly rests upon the somewhat rotten founda- 
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tion of being dependent upon a country like Spain for its 
supply of suitable ore. 

nternal disturbances may again, as it has done before, 
cut off the supply. The cream is at present being taken off 
some of the mines at Bilbao, and the large supply is in the 
hands of three or four large companies, who may at any 
time find it to their advantage to make it dearer. The same 
may be said about the supply of rich manganese ore suit- 
able for spiegel. It certainly is precarious, and much more 
limited than is generally supposed. The supply of hema- 
tite ores in our own country—in Cumberland—is certainly 
large, but it is not equal to supplying a very much more 
extended steel trade. 

The total make of pig iron suitable for steel purposes in 
the whole world is at present estimated at about 2,500,000 
tons, and when we remember that the total make of all sorts 
is something like 15,000,000 tons, it is another reason .. hy, 
if we are to continue to be dependent upon these extraordi- 
4 ores, steel is not likely just yet altogether to super- 

le iron. 



































gather its fruits, those who are occupied in producing every- 
thing that man requires besides food, and those who are 
occupied in transmitting and interchanging all these 
various products, in other words, agriculture, industry, and 
commerce. 

It must, I think, be granted that the amount of in- 
dustrial produce, which can be distributed and disposed 
of by commerce, is ultimately entirely regulated by the 
ability of the cultivators of the soil to purchase, and this 
again is regulated by the plentitude or scarcity of the 
—— of the soil. A country like England, with its 

ependencies all over the world, and its commerce ramify- 
ing into every corner of it, must consequently be greatly 
affected by the average results of fruidity all over the 
globe, and is scarcely affected by the results of isolated 
parts of it. 

These recurring periods, then, of extra activity in com- 
merce and industries—when there is more produce to carry 
to and fro, demanding more extended means of communi- 
cation, when money changes hands more freely, when men 








APPENDIX. Whatever may be the ultimate result, it is nevetheless | extend their operations on all sides, when confidence is 
Tanz A.—Coal Statistics plain that the North of England district is as yor +, and everybody enters into a higher scale of expen- 
id J situated for carrying on the steel trade from imported an iture—these periods, I submit, have a connexion with, 
from Cumberland ores as any other district in the United | and can onl ™ the result of one cause, a more plentiful 
Year ‘Me isite Home Con- nota) Prod Kingdom, or, I may say, in the world, and that forfoundry | average production of the soil. 
7 ner sumption. uce. | iron purposes we shall, at least for a long time to come, What, then, is the cause of this more plentiful average 
always be able to hold our own. roduce of the soil at recurring intervals? My answer is, 
tons. tons. tons. It may be said of the figures which show that there was that it is to be found in the fluctuating activity of the 
1866 10,442,756 91,187,788 101,630,544, more coal and iron raised and smelted in Great Britain in | centre of our system—the sun. 
1867 10,909,155 93,591,325 104,500,480 1877 than there was in the year 1870, the one just preceding When we consider how every living thing on this earth 
1868 11,292,128 91,849,029 103,141,157 the last great revival in these trades, that I do not take | depends for its existence and its very life upon the sun, 
1869 11,088,020 96,339,537 107,427,557 any account of accumulated stocks. It is difficult to get | and that, if the heat which we are accustcmed to receive 
1870 12,028,945 98,402,247 110,431,192 at the precise figures, but it may be fairly doubted if these | from it were to any considerable extent to ke curtailed, our 
1871 13,089,854 104,262,174 117,352,028 stocks, on the whole, are greater than at that period ; | globe would be speedily reduced to a lifeless sphere of ice, 
1872 13,477,498 110,019,818 123,497,316 besides, these stocks, heavy though they be in Cleveland, | then we can appreciate how even a small fluctuation in the 
1873 12,879,215 114,137,532 127,016,747 only represent about six weeks’ a, and are only a | amount of heat may tly affect us. 
1874 14,163,445 110,904,471 125,067,916 bugbear to those who are afraid that we shall never again That there are such fluctuations observers have shown 
1875 14,852,545 117,014,560 131,867,105 see a revival. If we look back to the years 1872-73, we | us, and astronomers have recorded recurring cycles varying 
1876 16,625,784 116,718,982 133,344,766 find that the large stocks of iron in 1870 were quickly re- | from about nine to thirteen years, or an average of about 
1877 15,753,690 118,857,073 134,610,763 duced to almost nil. The extraordinary activity of those | eleven years of minimum of (what are called) sun-spots. 
years had a cause ; but it was not one circumstance, it was | Iam not here going into the vexed question of sun-spots, 
an accumulation of circumstances. It was not merely | but will only point out that it has been shown, when the 
TABLE B.—PRODUCTION OF PIG IRON IN THE WORLD. 
Y Great | states of | Ge Aust L Oth 
EAR re 3 0 rman : ustro- , uxem- er 
Britain. poe Sal y-| France. | Belgium. Hungary. Russia. | Sweden. burg. Spain Italy. Norway Countaies, ToTaL. 
tons. tons. tons. tons. tons. tons. tons tons tons tons. tons tons. tons tons. 
1850 2,249,998 564,755 400,000 | 400,000 141,563 | 235,000 | 222,998 | 199,389 es 50,000 25,000 9,800 50,000 | 4,488,503 
1855 2,975,000 697,918 | 500,000} 600,000| 288,385 | 280,000 | 260,000 | 184,600 50,000 25,000 9,000 5,919,903 
1860 | 3,700,000 | 818,595 | 600,000} 880,386 | 313,544 | 325,000 | 291'753 | 181.431 * 50,000 | 25,000 | 7,500 | 50,000 | 7,243,209 
1865 4,819,254 829,108 | 941,661 | 1,179,637| 461,351 ‘ ; F 6," ¥ , f ; 292° 
1870 5963 515 1 659 850 1,236 oh bd; ’ 370,000 310,000 222,184 26,766 50,000 25,000 7,816 50,000 9,292,777 
,963, ,659, 236,449 | 905,365 3,929 4, 852,517 | 294,460 26,852 | 50,000 25,000 3,890 50,000 | 11,616,726 
1871 6,627,179 1,701,331 | 1,392,408 842,448 | 597,045 416 
1872 6741929 2'540 1771 ’ ; 16,122 2, 292,915 139,995 75,000 25,000 3,800 100,000 | 12,565,337 
41, 540, »771,689 | 1,193,481 | 642,454 | 450,441 | 39 332,768 | 176,938 | 75,000 | 25,000 3,800 | 100,000 | 14,445,351 
1873 6,566,451 | 2,552,767 | 1,943,500| 1,339,632| 595.995 , 
, 5 523,860 | 376,677 | 338,954 | 252,263 | 75,000 25,000 3,800 100,000 | 14,693,129 
1874 | 5,991,408 | 2,393,577 | 1,627,005 | 1,359,740| 522°134 | 47418 "407, 
1875 6365462 2'017°257 | 1°743°801 , , ,180 | 372,639 | 321,487 | 241,133 | 75,000 000 3,800 100,000 | 13,407,053 
1876 6’555°907 | 1'862" yy 1,388,069 | 529, v1 420,484 | 343,680 000 | 75,000 25,000 3,800 100,000 | 13,708,338 
1877 econ 66a | 2°050°D ,582,406 | 1,420,546 559,842 | 470,400 | 420,000 | 345,569 | 250,000 | 75,000 25,000 3,800 100,000 | 13,671,540 
005, 059,980 | 1,535,268| 1,323,385 | 416,696 | 470,000 | 420,000 | 340,000 ,000 | 75,000 25,000 3,800 100,000 | 13,627,793 
TaBLE C.—Pig Iron Production. 
TABLE E. 
In the North of In the North of 
Year. Year. 
England. : England. , AVERAGE oF S1x ANALY- 
AVERAGE oF S1x Tests or Danks Iron. aus or Danxs Inow. 
tons. tons. 
1858 512,720 1868 1,199,086 
1859 620,062 1869 1,424,916 | e | we eg A 
y ‘0 1,593,934 S. 
1861 607,000 1871 1,700,199 | Sem pew Sqnare Inch of | a of Es ¥ Carbon .../ 0.145 
1862 705,529 1872 1,882,286 sn - | FI a. 3. g a Sulphur ...| — trace 
1863 838,400 1873 1,956,004 | Ss F = | o< © Phosphorus 0.120 
1864 926,054 1874 1,987,706 | Bb igs ab Ea Silica | 0.045 
1865 975,311 1875 2°026,449 + Mer ; | Ze g g E | z Pe 35 |Manganese | trace 
1866 1,043,527 1876 2,069,185 Elastic. Ultimate. | fo]  Siadaaad | oa b= Iron es 99.616 
1867 1,118,726 1877 2,094,020 
br 9 | — | per —. | per —_ | ay per cent. 
x . J 3 6 29.1 Total 92 
Taste D.—Iron Ship Statistics, _— 
Vessels Built. Vessels Lost. that the time was past due for the arrival of that regularly | sun has the minimum of spots, it then gives out, and the 
Year. recurring wave of prosperity which experience leads us to earth receives, the maximum of heat, and that, during such 
— an America and in ee a | ry all on a — t oe ol vg go on 
+r and not the least, being the immense amount of hoar with a re rity and quietness whic e steady seasons 
Number. | Tonnage. | Number. | Tonnage. gold, which the French people so freely subscribed and put | and plenty. . 
1860 181 64,699 7 1,288 | in circulation at the conclusion of the Franco-German war, You are probably aware that attempts have been made 
1861 202 91.095 li : contributed largely to swell the result. Undoubtedly | to draw a connexion between these minimum sun-spot 
1862 252 120.531 14 4.713 | trade is in a bad state at present. We are now, let us ne 0 and drought and famine in a certain part of 
1863 382 212911 10 3. hope, at the y= dea ay of that ever-fluctuating tide of | India—the Madras district. This seems to be contrary to 
1864 503 283.169 46 9058 | activity and dulness in trade, but the very fact of it | what I wish to suggest, but it.is possible that a barren tract 
1865 467 262.541 24 ¢ having lasted so long is another reason why we should be | of country, made treeless and desolate by the hand of man, 
1866 427 200.764 16 5'975 | hopeful. may prove the exception, and that, in consequence of its 
1867 333 150,823 75 397382 We have (been in the habit of believing, [and experience | barrenness, the baked surface reflects so much heat, at a 
1868 356 207.175 42.974, | Surely gives us some warrant for the belief, that activity | time when it receives an extra quantity, as actually to pre- 
1869 398 256,899 104, "183 | in industries and commerce fluctuates in cycles of ten years | vent the condensation of the watery vapour above. Bat, 
1870 457 272:320 93 51.683 |0F thereabouts. We all, no doubt, have heard reasons taking the earth on the whole, I submit that, as minimum 
1871 448 311.953 112 70,146 | given why such should be, but none that I have heard are | sun-spot phenomena mean more heat from the sun, so 
1872 474 351.594] 138 82°47 | to my mind satisfactory, or recognise the primary cause. | more heat means more evaporation and formation of 
1873 394 328 103 157 106.240 | Allow me, for one more brief space of time, to offer a sug- clouds, and ultimately, on the average, more rainfall. 
1874 517 471.803} 159 104,339 | gestion as to the primary cause, leaving out of considera- | This extra sun-heat and extra watering must have the 
1875 496 875,946 123 81.046 | tion of all those secondary influences, which only tend to | same effect upon the earth on the whole as it would have 
1876 535 315,955} 110 79.887 | modify the result, intensify or reduce it, retard or accele- | on any individual field or garden, which result is extra 
1877 54D 390,953 121 85.902 | Tate the time of its arrival. The recurrence of these | fruidity, and this means extra quantity of produce of all 
1860-1868 3103 1,593,708 : periods even at first sight seems to beat with such apparent | kinds, to be exchanged for articles produced by industry 
1869-1877 4264. 3,075,526 regularity as to forbid the supposition that it is produced | and which ultimately means good trade.* 
Increase ...|37 per cent 93 per ont: entirely by the mere actions and ideas of men. I wish to remind you again, that I fully recognise all 
The people inhabiting the earth may be on the whole | the disturbing influences, which may be many, and some- 
divided into three classes—those who cultivate the soil and | times great; and also to point out, that it probably 


would require two or three years, before the greatest 
effect of a cycle of generally good harvests would be re- 
flected back upon trade. 

I cannot follow this matter any further—and rather 
offer it as a suggestion for consideration than as any 
worked out theory. I shall only point out that 1867 was 
a minimum sun-spot year. The good effects (if any) should 
have been felt in about 1869, but in that year we had the 
Franco-German War, which paralysed trade in Kurope, 
and so the effects were kept back till after the in 
1871, when it broke out with a vengeance. The last and 
yr year, 1877 and 1878, are also minimum years, and 

think the prospects are—at any rate let us hope so— 
that by the year 1880 we shall again be rising on the 
tide of prosperity. 

* The reader is referred to a very interesting paper, 
by Professor Jevons, on this subject, published in Nature 
of the 14th of November. Such a corroboration of opinion, 
by so eminent an authority, may be taken as so far justify- 
ing the writer in the views herein expressed. 
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STEEL FOR SHIPBUILDING. 
Report by Lloyd’s Surveyor on Steel, made by the 
Société John Cockerill. 
Lloyd’s Register of British and Foreign Shipping, 
Sunderland, March 18, 1878. 
The Secretary, Lloyd’s Register of Shipping, London. 

Srtr,—Referring to my report dated the 4th of January 
last, giving the results of some experiments which I had 
conducted upon the steel being made by the Société 
John Cockerill, at Seraing, Belgium, in order to test its 
adaptability for shipbuildvag purposes, and especially to 
ascertain whether it possessed the qualities laid down by 
the Committee as being necessary in steel used for building 
ships intended for classification in the Society’s register 
book : It will be remembered that the conclusion then ar- 
rived at was, that the results of those experiments were 
not on the whole such as would have insured an uniform 
fulfilment of the Committee’s requirements. That the 
probable cause of this want of uniformity in the ductility 
and elasticity of the material, as compared with what wus 
being produced in this country and at some of the steel 
works on the Continent, arose, principally, from the fact 
that the above-named firm continued to use spiegeleisen 
and had not adopted the use of ferro-manganese, which had 
played such an important part in the production of ‘‘ mild’’ 
steel by the English and some foreign makers. That the 
Director General of the Société John Cockerill, M. Sadoine, 
requested therefore that the tests which I had conducted 
should be looked upon in the light of preliminary trials, as 
he proposed to make further experiments and again ask the 
Committee to send some one to conduct farther tests. 

In accordance with this arrangement, therefore, and 
your instructions at the further request of the Société John 
Cockerill received through Messrs. Adam Brothers and 
Company, of Newcastle-upon-Tyne, I again visited the 
Société’s works at Seraing, and watched the whole method 
of making the steel, and also witnessed a large number of 
carefully conducted mechanical and chemical tests upon the 
material after its manufacture, which will be hereafter 
alluded to. 

The steel is still being manufactured by the Bessemer 
indirect process, which has been previously fully described. 
The use of spiegeleisen has, however, been abandoned, and 
ferro-manganese substituted, in order to produce the kind 
of *‘ mild’’ steel plates and angles required for shipbuilding 
purposes. 

Each ~~~ consists of specially selected pig iron, steel 
scrap, and ferro-manganese, and would vary from six to 
eight tons. It takes from 30 to 35 minutes from the time 
that the metal is put into the converter to eliminate the 
silicon, carbon, and other impurities from the charge. 

After the charge has, according to the judgment of the 
attendant, been sufficiently “ blown,’’ a sample is taken 
from the converter, drawn out under a steam hammer, 
tempered, and broken. The quality of the charge can be 
pretty accurately determined, by an experienced eye, from 
the appearance of the fracture, which should be of a certain 
colour, and quite free from crystallisation. 

The charge is next run into ingot moulds, and samples 
taken for the usual chemical and mechanical tests; a 
careful record of the results of which are kept for reference, 
and from those results the use for which the charge is best 
adapted can be determined. 

During the operation of ‘‘ blowing,’’ the observations of 
even the experienced eye are materially assisted by the use 
of a prismatic spectrum, throughout the various stages. 

For the purposes of the mechanical and chemical tests, 
which I conducted, sample ingots from four different 
charges were selected, viz.: numbers 8844, 6593, 6594, 
and 9461 respectively, and rolled into plates, angle irons, 
beams, bars, &c. The charge No. 9461 was selected as a 
sample of the material recommended by the Société Jobn 
Cockerill as being, in their opinien, very suitable for boiler- 
making purposes ; and as it was known before testing it, 
that it would withstand a higher tensile strain than it is 
at present admitted for shipbuilding purposes, the results 
of the tests of the said charge have been shown separately 
from the other three charges which were selected from 
the material made to fulfil the Committee’s requirements 
for shipbuilding. 

The following are the results of the chemical analyses of 
the charges selected for experimental purposes : 

Numbers of the respective charges— 

88 6594 


6593 9461 





per cent. per cent. per cent. per cent. 
0.08 0.10 0.15 0.12 





Combined carbon ... 


Silicon 0.02 0.01 0.01 0.45 
Sulphur 0.05 0.05 0.065 0.07 
Phosphorus 0.065 0.045 0.045 0.085 
Manganese... aes AE 0.30 0.30 0.15 

It may be useful, for the purposes of comparison, if I 
here give the results of the chemical analyses of three other 
sam ie of ‘‘ mild” steel made by other makers, for ship- 


building purposes. Sample No. 1 was sent to Seraing from 
the te and is alleged to be a portion of steel being used 


in building a steamer there, and samples numbered 2 and 
3 were pieces of ‘ soft’’ steel made in Sweden. 
Sample Sample Sample 
No. 1. No. 2. No. 3. 
per cent. per cent. per cent. 
Combined carbon 0.13 0.14 0.18 
Silicon ‘ traces 0.02 0.02 
Sulphur 0.11 0.03 0.03 
Phosphorus ... 0.066 0.055 0.088 
Manganese ... ose 0.43 0.65 0.65 
A glance at the above results of the chemical analyses of 


the several samples will show, that the shipbuilding steel 
made at Seraing is as comparatively free of impurities as 
either the English or Swedish samples. 

A number of samples of steel plates, selected from the 
above-mentioned charges, made by the Société John 
Cockerill, were carefully prepared for the purpose of as- 





certaining the elastic and ultimate tensile strength of the 
material. Some of the samples were tested unannealed 
and some after being annealed. A summary of the results 
of those experiments are given in the Appendix Table A. 

By referring to that Table, it will be seen that the mean 
ultimate strength of five unannealed samples lengthwise of 
the fibre is 28.1 tons per square inch of section, with a mean 
ultimate elongation of 24.4 per cent. on a length of 8 in. 
These mean results quite fulfil the Committee’s require- 
ments. But on looking more closely into the details, a 
want of uniformity in the results will be observed. For 
instance, the ultimate tensile strength ranges from 24.5 to 
85.3 tons per square inch of section, and the elongation 
from 18.8 per cent. to 27.6 per cent. on a length of 8 in. 

On the other hand the results of the tests of the an- 
nealed plates are very satisfactory, both as regards the ulti- 
mate tensile strength and elasticity, as well as in the uni- 
formity of those results in detail, The mean ultimate 
strength of six annealed samples lengthwise of the fibre is 
29.6 tons per square inch of section, with a mean ultimate 
elongation of 22.07 per cent. on a length of 8 in.; while 
the ultimate tensile strength of six pee varies only 
from 29.1 to 31.1 tons per square inch of section, and the 
elongation from 20.08 to 25.0 per cent. 

The mean ultimate strength of six annealed samples 
crosswise of the fibre is 28.8 tons per square inch of section, 
with a mean ultimate elongation of 21.7 per cent. on a 
length of 8in. The ultimate tensile strength of these six 
specimens varies from 27.7 to 30.2 tons per square inch, 
and the elongation from 20 to 24 per cent. 

These results show the great importance of annealing 
after rolling, in order to insure uniformity in the cha- 
racter of the material before it leaves the maker’s works ; 
as from inquiries instituted after the above tests were 
made, I have reason to believe that the want of uniformity, 
shown by the unannealed plates, arose entirely from their 
being allowed to cool in damp and exposed places after 
rolling. Experience has also shown how desirable it is to 
anneal steel plates after hammering or partial reheating at 
the shipbuilders’ or boilermakers’ works. 

Another curious feature worth mentioning is, that while 
annealing made the material more uniform in quality, as 
might have been expected, it seems to have also had the 
effect of proportionately reducing its elasticity, and raising 
its ultimate strength, as an examination of Table A will 
show. In all other tests that I have seen, annealing has 
had exactly the contrary effect upon steel. 

Attention should also be directed to the fact that the 


elastic stress borne by this material is unusually high, the | 


unannealed plates having given a mean of 18.7 tons, and 
the annealed plates 20.8 tons per square inch of section. 
This quality would render the steel capable of withstand- 
ing comparatively high longitudinal strains, as well as 
impart a high percentage of local rigidity to a structure. 

The next tests to be described are the results of the 
elastic and ultimate tensile strength of the samples taken 
from the charge No. 9461, which the makers recommend 
as being, in their opinion, suitable for boiler making par- 
poses. An examination of those results, which will be 
found givenin Table B in the Apendix, will show that the 
tensile strength of this steel lengthwise and crosswise of 
plates varies from 35.8 to 37.6 tons per square inch of 
section. Whereas the Committee have, by circular No. 397, 
dated the 7th instant, and issued since these tests were 
made, limited the ultimate tensile strength of steel for 
boilers to ‘‘ not less than 26 tons, and not more than 30 tons 
per square inch of section.’’ 

The other stipulations made by the Committee, in the 
circular above referred to, in order to determine the 
quality of the steel to be admitted for boilers of ships in- 
tended for classification in the Society’s register book, is, 
that samples shall ‘‘ be heated to a low cherry-red, quenched 
in water 82 deg. Fahr., and stand bending to a curve of 
which the inner radius is not greater than one and a half 
times the thickness of the plates tested.” 

The steel proposed for boiler making by the Société John 
Cockerill was not put to quite so severe a temper test as 
the above; but it stood satisfactorily the tempering test 
required by the Committee for shipbuilding steel, viz., 
‘bending double round a curve of which the diameter is 
not more than three times the thickness of the plate 
tested.”’ It also stood some very severe bending, shear- 
ing, and punching tests when cold. 

tt may, however, be said with some force, that the tests 
I conducted upon the steel, proposed for boilers, were not 
sufficiently numerous to enable any very definite opinion to 
be formed as to the uniformity of character of the material, 
and that the Committee’s conclusions in the circular referred 
to, based, as they doubtless have been, upon the results 
of a large number of carefully conducted experiments, are 
against the admission of steel having even so high a tensile 
strength as has been considered safe for shipbuilding. But 
I am enabled by the courtesy, and with the permission of 
the Société Cockerill to place before you some interesting 
information relating te steel boilers, which are at present 
in use at their works, and which seems to point to the 
successful use of a much harder kind of steel for boiler 
making than the Committee are prepared to admit. 

The Société John Cockerill have fifteen or sixteen steel 
boilers at work, ranging from two to seven and a half years 
of age. The working pressure of the whole of them has 
been and is still 60 1b. per square inch. I have been 
favoured with a tracing of those boilers, which I enclose 
herewith. The dimensions shown thereon in black ink, 
are those adopted for steel, and in red ink for iron boilers. 
The tensile strength of the steel, in the boilers referred to, 
was reported to be from 38 to 40 tons per square inch of 
section with an elongation of 20 per cent. on a length of 
4in. The holes were all drilled in the plates and the 
rivets were of iron. ’ 

On my expressing a desire to have an opportunity of 
examining one or two of the steel boilers, the Société 
readily agreed to my request, and caused two of the oldest 


ones to be laid off and cleaned out. I made a most minute 
examination of them, both inside and outside, and I could 
not detect the least indication of wasting or pitting in ong 
part, including the steam domes and stays therein ; ind 
the landing edges and butt laps of the plates and the 
surfaces of the rivet heads and points were smooth and 
showed not the least signs of deterioration. 

For every steel boiler made an iron one was also fitted 
up at the same time. And according to the statements of 
the manager, none of the steel boilers had required any 
repairs worth mentioning, whereas some of the iron ones of 
corresponding age had had several plates renewed, and 
other extensive repairs. 

With this experience in the use of boilers made from 
comparatively hard steel, and the practical results 
derived therefrom, it is not surprising to find this firm 
advocating the use of steel of a higher tensile strength and 
greater rigidity than admitted by the Committee. 

Some tests were made in order to ascertain the extent 
of the loss of strength, if any, the shipbuilding steel sus- 
tained by the operation of punching as compared with 
drilling of the holes. The results are shown in detail in 
Table C in the Appendix. 

The limited power of the Société’s testing machine would 
only admit of these experiments being carried out on a com- 
ee en small scale ; that is the samples could only be 

roken with a single punched or drilled hole in each. The 
results show, that the ratio of the breaking strain of the 
punched plates, to the mean strength of the drilled plates 
was, as 1 : 0.89 lengthwise and as 1:0.81 and 1: 0.94 
crosswise of the fibre. The fractures of all the punched 
plates showed more or less crystallisation around the 
holes, while the fractures of the drilled plates were silky 
and entirely free of crystillisation; proving that the mole- 
cules of the metal around the holes had been disturbed 
by the punching. 

The above experiments merely confirm the fact, that 
there is a loss of strength due to the punching of this steel, 
as was previously known to occur in all other kinds of 
steel yet made, but the experiments are not on a sufficiently 
large scale to determine accurately what would be the 
exact measure of the loss in practice due thereto. For as 
| has been previously proved much of the compression of the 
|metal around the hole caused by punching such narrow 
jane after pre tion, as in this case, is relieved by 

t ulging and elongation of the sample around the hole. 

| Whereas by punching a steel plate of a width that would 
i be used in practice, the metal would be disturbed for a 
‘larger area around the hole and consequently a greater 
| loss of strength occurs than these ee samples show. 
But nearly the whole strength of the metal is recovered 
by annealing after punching, and no loss of strength occurs 
when the plates are drilled. 

Samples of annealed steel plates, selected from charges 
numbered 8844, 6593, and 6594 respectively were next sub- 
mitted to some very severe percussive tests. The results 
of those tests are given in Table D in the Appendix. They 
may be summarised as follows: A 27 cwt. cast-iron ball 
was allowed to fall five times upon each plate, viz., from 
a height of 5} ft., 8 ft., 10 ft., 12 ft., and 28}ft. All the 
samples were of a circular shape, about 33 in. in diameter, 
and were rested upon a steel railway tyre placed under the 
falling weight. ‘The inside diameter of the tyre was 26 in., 
and the inner sharp edges of it were slightly rounded. The 
plates were reversed between each blow, excepting before 
the last one, when they were not reversed. Besides being 
deflected after each blow, to the extent mentioned in the 
Table referred to, they were considerably buckled, but 
showed no signs of fracture. 

In order that the severe nature of these tests may be 
more readily realised, I may state that the momenta of the 
27 ewt. ball falling fromthe several heights, which these 
plates successfully resisted, without being fractured, would 
|be as follows: $$ ft., 252 tons; 8 ft., 293 tens; 10ft., 
| 333 tons; 12 ft., 372 tons ; and 28} ft., 563 tons. 
| A large number of the annealed and unannealed samples 
| of steel plates and angles, from the several charges above 
| referred to, were submitted to what is known as the temper- 
jing test, viz., heated to a low cherry-red, cooled in water 
| of 82 deg. Fahr., and bent double round a curve, of which 
| the inner diameter was not more than three times the thick- 

ness of the plates or angles tested, and the results were 
very satisfactory. 
he cold tests consisted of twisting 3} in. by 3}in. by 
| y's in. steel angles, 34 in. long, from one and a half to two 
|tarns round in a lathe. The flanges of several 3-ft. lengths 
| of 34 in. by 34 in. by {% in. angles were opened flat one end 
| and doubled the other end; the opened ends were doubled 
| backwards lengthwise in some samples, and inw in 
|others. The flanges of some were doubled their entire 
| length of 3 ft., and folded nearly double lengthwise. Steel 
| plates of various thicknesses were folded and re-folded. 
The whole of the foregoing cold tests were performed under 
| the steam hammer and the specimens stood these severe 
trials without fracture. 

Strips were also cut from plates and angles and were 
bent double when cold without fracture. The thickness of 
the samples thus tested varied from }; in. to 3 in. 

Square steel bars were twisted cold in a lathe to the 
shape of a corkscrew; anda H beam was slotted 7 the 
centre for a length of 3 ft. from the end, and the lower 
half bent cold to the shape of a beam-arm; a steel plate 
was afterwards welded with great facility into the space 
thus formed, making a very neat beam knee. 

Rivet steel was selected from charge No. 8844 which 
contained a very low percentage of carbon, and submitted to 
severe cold tests. It could be twisted and turned into almost 
any shape without fracture. Rivet heads were flattened out 
cold until they were only about #, in. thick without starring 
around the edges or being separated from the shank. 

This rivet steel was also submitted to severe hot tests, 
all of which it stood most satisfactorily. It was also 
successfully forged and shaped into many curious devices. 




















Jan. 10, 1879.] 


ENGINEERING. 


41 





APPENDIX A.—Summary of the Results of geen 


anufactwred by the Société John Cockerill, Seraing. 


to ascertain the Elastic and Ultimate Tensile Strength of Steel Plates made by the Bessemer Process. 

































































LENGTHWISE. 
g ORIGINAL. STRESS. 2 FRACTURED. StREss, EXTENSION. 
E , . 8° 4 
é g re Reduction. 4g 3 as 
= DESCRIPTION. Ay R| , fi a5 s ny a 
= Size. Area. - 5 33 Size. Ares. = $ 2 
Z 32 Fy j Py: Area. | Per Cent. oe” 248 & 
z he a = 
= an 5a a> & ° 4 an 5 
i \ in. tons. tons. per cent. in. in. per cent. | tons, per cent. | per cent, 
8844 |Unannealed 1.19 by .275 327 19.8 26.4 75.1 842 by .157 132 195 59.6 65.3 13.1 22.2 100 per cent. silky. 
8844 do. -984 ,, .440 432 15.6 24.5 63.6 649 ,, .236 153 279 64.5 69.4 21.5 27.6 do. 
6593 do. -988 ,, .385 379 15.8 26.7 59.1 669 ,, .216 .144 235 62.0 70.3 13.1 27.5 do. 
6593 do. 807 ,, .403 825 26.1 35.3 73.9 688 ,, .236 -162 .163 50.1 70.9 Nil 18.8 do. 
6594 do. .980 ,, .370 .362 16.5 27.9 59.1 629 ,, .216 185 .227 62.7 75.0 9.5 26.0 do, 
Mean 365 18.7 28.1 66.1 145 219 59.7, 70.1 11.4 24.4 
8844 |Annealed 1.20 by .275 .330 22.7 29.16 778 866 by .169 .146 -184 55.7 65.9 5.2 25.0 100 per cent, silky 
8844 do. 992 ,, .401 897 21.4 81.1 68.8 689 ,, .236 .162 235 59.2 76.8 5.7 24.1 do. 
8844 do. 1.007 ,, .381 882 20.0 29.1 68.7 724 ,, .286 -170 .212 55.5 65.4 4.0 20.08 do} 
6593 do. 984,, .411 404 21.6 29.7 72.7 708 ,, .275 .194 .210 51.9 61.8 5.1 21.37 do. 
6593 do, .798 ,, .527 417 20.0 29.3 68.2 590 ,, .872 219 .198 47.4 55.9 5.2 21.10 do, 
6594 do, 1.19 ,, .291 .346 19.5 29.2 66.7 949 ,, .187 .130 -216 62.4 178 5.7 20.8 do. 
Mean 379 20.8 29.6 70.5 .170 .209 55.3 67.1 5.1 22.07 
CROSSWISE. 
8844 /|Annealed 1.20 by .279 334 23.1 29.4 78.5 874 by .196 171 .163 4a8 | 57.6 4.7 20.0 100 per cent. silky. 
8844 do. 1.01 ,, -405 409 21.4 30.2 70.8 748 ,, .295 -220 .189 46.2 56.2 5.2 24.0 do. 
8844 do. 1.18 ,, .285 336 22.3 28.2 174 834 ,, 1.57 .130 .206 61.3 73.0 6.0 22.1 do. 
6593 do. 982 ,, .383 .376 20.6 28.5 72.2 689 ,, .236 .162 .214 59.9 66.3 6.6 21.5 do. 
6593 do. .795 ,, .625 417 20.3 29.8 69.2 511 ,, .872 .190 .227 54.4 64.4 5.0 21.2 do. 
6594 do. 972 ,, 381 .370 18.2 27.7 65.7 708 ,, 252 .178 .192 51,8 | 57.59 £3 21.50 do. 
Mean 373 20.9 28.8 72.3 | 175 .198 53.2 | 62.5 5.8 21.7 
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APPENDIX B.—Summary of the Results of Experiments to ascertain the Elastic and Ultimate Tensile Strength of Steel Plates recommended by the Société John Cockerill for 
Boiler Making ; Bessemer Process 


y 
Manufactured by the Société John Coc 




















LENGTHWISE. 
| ORIGINAL. STREss. FRACTURED. STREss. EXTENSION. 
— D Tiinatic F APPEARANCE 
A ata Elastic | Ultimate| to Repverion. | Per Square] At 24 tons per | Ultimate | p, 2" np 
: Size. Area. {per Square|per Square] Ultimate. Size. Area. Inch of | Square Inch on & 4 
tech. Inch. Fractured |on ‘a Length of|Length of 
Area. | Per Cent.| Area. 8 in. in. 
in. in. tons. tons. per cent. in. in. in. per cent. tons. per cent. per cent. 
9461 | Unannealed _.../1.19by.307/ .365 24.6 37.6 905 by.212} .191 174 47.6 71.9 Nil 19.5 100 p. ct. silky. 
9461 | Annealed ++/1.18 ,, .285) .352 24.8 36.2 68.5 -905 ,, .212} .191 161 45.7 66.7 Nil 20.0 do. 
CROSSWISE. 
9461 | Annealed ..{L18by 311) .366 | 26.6 | 35.8 | 74.3 | 286 by.240 .229 | .187 | 87.4 | 57.3 | Nil | 17.0 hoo p. ct. silky. 



























































APPENDIX C.—Summary of the Results of Experiments on Steel Plates to ascertain the Extent of the Loss of Strength, if any, the Material sustained by the Operation of 


Punching as compared with Drilling the 


Holes. 


The Steel Plates were manufactured by the Société John Cockerill, Seraing. 








, 2 rr LQ. 
& => 4 E 4238 
a 
F Sze | ood | FaES 
5 DESCRIPTION OF TEST. Breadth. | Thickness. Area. 2 | & 53 sé a, REMARES. 
3 Bes | ge | 3733 
K 3 5 Ba 5 SS gaas 
ngth d i 0.398 0.400 11.875 29.7 1:1 | Fracture 100 t. silky 
8844 Unannealed le: wise hole drilled ... 1.02 ; F , i : racture 100 per cent. silky. 
8844 Pa ae 1.02 0.386 0.393 11.75 380.4 _ a 
8844 - lengthwise ,, punched ... 1.03 0.393 0.404 10.625 26.3 1: .89 »» ®Slittle crystalline around the hole. 
8844 ss crosswise 4, 4,  «.. 0.984 0.386 0.379 10.375 27.3 1: .89 6 a 2 re 
6594 Annealed lengthwise hole drilled... 1.17 0.275 0.321 9.5 29.6 A: », 100 per cent. silky. 
6594 ja CrOSSWis6 3 ,, 53 _ «. 1.18 0.279 0.329 10.125 380.7 1:1 ” ‘ ‘a 
6594 os lengthwise ,, punched ... 1.18 0.280 0.330 9.25 28.0 1: .94 »» crystalline around hole. 
6594 pes crosswise 5, 5, + 1.18 0.280 0.330 8.25 25.0 1: 81 a a 4 
































MEMORANDUM.—The punch used to punch the samples 0.59 in. in diameter, and the bolster was 0.70 in. in diameter. 


APPENDIX D.—Summary of Results and Experiments on Steel Plates in order to Test their Power to withstand Violent Percussion, due to Collision or Stranding of Vessels. 
The Plates were manufactured by the Société John Cockerill, Seraing. 























Height from which a 27 cwt. cast-iron Ball fell —_ 
Ss the Steel Plates, and the Deflection of the Plates after 
§ 5 DESCRIPTION OF SAMPLE. each Blow. REMARES. 
| 
26 5 ft. 6 in. | 8 ft. 0 in. 10 ft. 0 in. 12 ft. 0 in.|28 ft. 6 in. 
| , : 
, ; in. in. ay —r - All the specimens were of a circular shape, about 33 in. in diameter, and 
oes Aamaaied. gine, = > Se + : 3 2 ; were rested upon a steel railway tyre under the ball. _ The inside diameter 
5 ae Je 2 2 3 3 64 of the tyre was 26 in.; the inner shenp edges of it were slightly rounded. 
= we _— 8 4 7 The plates were reversed between each blow, excepting before the last one, 
= i ‘393 a 3 | 4h 7 when they were not reversed. Besides being deflected to the extent men- 
ene ™ : - t tioned, they were considerably buckled, but showed no signs of fracture. 







































MEMORANDUM.—The momenta of the 27 cwt. ball falling from the several heights which the above plates successf 


follows: 5} ft., 25} tons; 8 ft., 29% tons; 10 ft., 333 tons ; 12 ft., 373 tons; and 28} ft., 56% tons 
J. WILLIAMSON, Surveyor t 


Sunderland, March 18, 1878. 


resisted without being fractured, would be as 


oO Lloyd’s Register of Shipping. 
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PRICH LIST OF MATERIALS. 
THURSDAY, JAN. 9, 1879. 
M 4 STer. CASTINGS (per cwt.) — ARSENIC— s. & - ¢€ MAHOG (per footlin)£s. 4d. 2 s. d. 
—— . £ 8 Hydraulic cylinders in Min Le Lt eel i Oity St. Bom omingo ome COR Et 4 
ORE ton)— 3g © the Powdered WE.) -reses 8 6 9 @ Cab, .......crcccrcovceercceces © © GF GO Q 
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x ~~ seeees rr 3.2 2 28 0 BoraX—refined (per cwt.) 35 ° 4 o Surinam ......00000 0 0 2 OO 4 
Sheets, 48 x24 ... ° 7 o 8 y-2 | ow 8. 8. sss & 
es 28 Oo > 10 5 12 e©og 0 5 
Cassmes Tren it GiRvELAND sal ed Flow seeseesee-ctenecseresecesee EE O 14 O 
r ton) £ 6. £ s. RI] sosererecsereeeeees 8 10 9 © 9x10x5 0 36 040 
aitters o 5 5 24 0 COPPERAS -— - ii, Pine - ©30° 036 
© I oe ee ee $ > : 3 Holders-up ‘for “rivetting CopPER — falphate (per . | s 4d, e Hemlock ns ©23 °2 6 
- machines, 4c., 14 to ee secscessorserceseesce 20 «© IT wcerereee cosets O DB 3 @ 2B 
oe rl A everaeenee 2 0 26 0 Lana, Qui Ke pet éwi.) * ' enimeait 
le cranks, cross 8. seeteereceeeees 25 oe 32 ° 
57 © §7 5 crane wheels, engine own 4 - 6 a: ¢ (Per Petersburg omaleod) 
65 o 67 10 slides, &e. 4.0 jo © BBGB .ccsoccohecee 17 90 8 0 ei —_— 
63 10 64 10 Tumbler bars and other tO seepeereserees o 2 0 22 0 eossscrcenne IE § © 12 7 6 
65 ° S ° castings for dredging LaTuancs Lain Ee i9 0 25 © ‘- se 07 6 
a - ° urposes. . 20 Oo 26 ASH— roma per os 5 
) a : a wens Inox ‘Pob) at . Saxena (pe eee >a Seat ro ~ $ pe ; 
~ &2 ee 
— '— oe ia, British - 6 3 «OO Gottenburg 7 & + 22 0 230 Stockholm 2nd red battens -- to 6 @ 060 
” puddling 160600 17 0 ‘ier A eee ce ° 5 a. a 6 a6 Tunedal 2nd red battens ... Iso @ 0 0 
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Iron Pra (per ton)— 4% » hammered .....,.....0.. o 4 (© Pw, eee : 3 6 rs 4 penned 
Barrow No.1 .....+ 2 5 0 Tix bi s NDON. 
” » 2 62 6 63 © Staite... soocmccrcecnce GO 80 Gs © 0 CEFCANS sesessecsrererree £3 10 3 35 (Per Petersburg standard.) 
_" 9.8 -e 6r 0 6 (oo Billiton .. eo o oo © TIMBER, DEALS &c. Are Ist yellow... ™m™ 0 @ 1900 
Cleveland No. 1 37 © © Oo om a am a ’ ” Ay eee EE OO @ 12 0 O 
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Bars were welded together and bent through the welds 
without starting them. 

The steel in a variety of forms was subjected to severe 
punching, shearing, and turning tests, all of which it stood 


most satisfactorily. 
aa advan of annealing the steel plates were so 
parent from mn o X & San t tests, that the Société 


Cockerill sreaily agpees Se all plates. intended for 
shipbuildi making Den ~—4.£ previous to their 
being sent from their works 
The Société further undertook to comply with the ey 
a he Sp age 
ich it is every ang 
intended for for classifcaticn i in the Society’s 


supplied for shi 
be clearly and distinctly stamped in 


register book s 





two places with the brand a 


denoting that a shearin; _— 


has successfally bent 


in the temper test, and det a the 
ble of withstanding an 


ene by the py 


é plate or angle, so 
bean being tempered, prod an 

te or angle in question, 
timate tensile strength of 


not than 27 and not exceeding 31 tons per square 
inch of section, with an elongation corresponding to 20 per 
cent. on a length of 8in. before fracture.” 

The foregoing results of the valuable experiments, which 


I had the honour of conducti 
by the Société John Cockerill 

uirements laid down for ‘ 
in their classed ships and 


building and boiler 


. 


steamers; and after having 
of making it, and the elaborate tests to which each charge, 


carefully watc 


i upon the steel being made 


—_ eh the Committee’s 
”” steel used for ship- 


watched the system 





, and sagt are subjected, I am satisfied that that 
is capable of making the ‘‘ mild” steel required, of a 
ically uniform quality. 

The vast resources which the Société John Cockerill 
possess, will also enable them to produce this “ soft’’ 
steel in large quantities, and, as I 

t being quoted 


siderably less cost than the prices at presen 
English makers. It would not, gto, be sur- 


pA the 

to find that the more rapid development of steel 
shipbal a oehding in this country had received an impetus 
—- the enterprising energy of this important Belgium 


‘ I am, Sir, your bnans servant, 
Wi a 
Surveyor to Lloyd's Register of Shipping 
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PAN AMALGAMATION OF SILVER ORES 
IN NEVADA AND COLORADO. 
By T. Eaueston, Ph. D. 


Tue various metallurgical processes for the work- 
ing of silver and gold ores depend upon having some 
other metal, generally mercury, lead, or copper, as 
an intermediate product, in which the precious 
metals can be concentrated. Such processes as 
these are—pan amalgamation, the lead processes of 
Nevada, Utah, and Colorado, and the copper pro- 
cesses of the Boston and Colorado Works. (See 
ENGINEERING, vol. xxii.) 

Wet processes, such as Van Patera’s leaching pro- 
cess for silver and chlorination in California, which 
is applicable only to gold ores, are used. Itis neces- 
sary that the ores so treated should be very finely 
crushed, and they generally come as an accessory pro- 





duct from the amalgamation process. To be carried 
out cheaply the work should be done on a very large 


other, according to the character of the ore, which 
are known as the Washoe and the Rees River pro. 
cesses, from the districts in Nevada where they 
originated, They differ very slightly. In one (the 
Washoe process) the ores are of such a character 
that they require only to be stamped, and then go 
directly to the mill to be amalgamated ; while in the 
other (the Rees River process) they require to be 
dried on drying floors, heated by the waste heat of 
the furnaces, and then roasted, previous to being 
amalgamated. The processes of roasting are various 
in different localities at different times. There are 
a number of furnaces which have been invented for 
this purpose, which have been more or less success- 
ful. They are generally reverberatory furnaces 
with a number of hearths, either placed the one 
after the other, so as to make one long furnace, or 
placed at different levels, sometimes directly over 
each other, or in the shape of steps. The only shaft 
furnace which has continued in use is the Stedefeldt 
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scale. Although successful in a metallurgical 
way, the chlorination process is often not successful 
financially, owing to the impossibility of getting 
a sufficient supply of ore at all times, Up to 
this time it has only been applied to the con- 
centrates from gold mills. It cannot generally be 
used for the concentrates of silver mills, because all 
the silver contained in them would be lost. 

Taking into consideration the fact that most of 
the American mills have been started by mechanics, 
and superintended by men who are generally 
innocent of all metallurgical knowledge, it seems 
wonderful that they should be able to work the ore 
as closely as they do. It seems to Europeans very 
extravagant that tailings in certain districts con- 
tain from 15 oz. to 18 oz. of silver to the ton, 
or even more; but this is generally the case, 
because the price of labour is so high that it 
will cost 21 dols, to get out the 20 dols. To 
attempt to use any process based on European ex- 
perience of labour, would, therefore, be unwise in 
the West. The doing of it, however, is the reason 
why so many foreign enterprises have resulted dis- 
astrously. 

The processes in use in the United States for the 
extraction of silver are: 1. Pan amalgamation. 2. 
Lead fusion. 3. Fusion with copper ores, The 
first is applicable to ores containing very few base 
metals, the second to ores occurring in ena, 
where the galena is in excess, and can be had in 
quantities, the third is applicable to ores carrying 
copper, which usually contain considerable gold at 
the same time. 

Pan amalgamation is practi:ed in Colorado and 
Nevada, and lead fusion in Colorado, Utah, Nevada, 
andthe East. When the lead ore contains but little 
copper, a copper matte is produced as an accesso’ 
- uct in this fusion, which is collected and sold. 

he third process is most successfully applied in 
Colorado, at the Boston and Colorado Works. 

The amalgamation of silver ores in the West is 
performed by two processes which differ from each 




















furnace, which is applicable only to “light” ores, 
or those containing very little sulphur. Of revolving 
furnaces, Briickner’s cylinder has already been 
described (ENGINEERING, vol, xxii., page 515); and 
Teat’s furnace, which is almost identical with it. 

The amalgamation is almost uniformly performed 
in pans, but occasionally in barrels. It would seem 
that the barrel process would be the cheapest, but 
it has been superseded by the pan, with the use of 
which every one is familiar. 

The general arrangement of the mills is the same, 
exception being made of the presence or absence of 
roasting. When roasting is done, the ore is crushed 
dry; when it is not, it is crushed wet. 

In discussing these processes, no particular mill 
will be described, since they all resemble each other. 
The details which are given have been taken for dry 
crushing from Stewart’s and Judd and Crosby’s 
Mills in Georgetown, and the Nederland Mill in 
Boulder, Colorado; for wet crushing, from the 
Brunswick, Eureka, and Consolidated Virginia Mills 
in Nevada, for pan amalgamation. Dry crushing 
and barrel amalgamation, as practised in the Pelican 
Mill in Georgetown, Colorado, have already been 
described in ENGINEERING, vol. xxiv., page 297. The 
plan of this mill is shown in Fig. 1. 

About 25 to 30 per cent. of the Comstock ores is 
gold, the rest is silver ; but in the bullion produced 
the proportion is somewhat higher, as the gold is 
more completely saved than the silver. As a general 
thing, the richest ores are treated by dry crushing 
and roasting, and the poorer ores are crushed wet, 
and directly treated by amalgamation, which is the 
Washoe process. 

The ores treated in 1874 at Stewart’s Custom Mill 
in Georgetown, Colorado, averaged 150 oz. of gold, 
5 per cent. of lead, and 30 to 70 per cent. of zinc, 
mostly zincblende. There is a trace of copper and 
some gold, but not enough to se te it. e rock 
is quartz, and contains from 30 to 50 per cent. of 
ore. Judd and Crosby’s Custom Mill treats ores of 
about the same grade, Both these mills roast in 


reverberatory furnaces, The Nederland Mill is 
a company mill, and treats ores from its own 
mines. They contain 50 oz. of silver, 3 per cent. of 
lead, 2 per cent. of copper, and 60 per cent, of 
quartz. The roasting is done in Brickner’s. cy- 
linders, (See ENGINEERING, vol. xxii., page 515. 

In Colorado 40 oz. of silver can be treated, but 
only 60 oz. yields a profit to the miner. The ore 
treated at the Eureka Mill in Nevada yields from 
50 dols. to 160 dols. of gold and silver, three-fourths 
being gold and one-fourth silver. For the prices 
paid for Colorado cres see the description of the 
Boston and Colorado Works, ENGINEERING, vol. xxii., 
page 200. 

n all the large mills the ore is assayed by the 
assayer of the company. The samples are taken 
from the mine or from the ore delivered. In the 
speculative mines this is a matter of great secrecy, 
and only the superintendent and_chief officers of the 
mill know its history. The sample is wrapped in 
wrappers which are printed like the bullion assay 
wrappers, both on the inside and outside, so that 
there shall be no mistake. Three samples are taken ; 
two go to the assay office, and the third is kept in 
the office of the mill. A careful record is kept in 
both places of all the numbers and marks on the 
papers as well as of the assays, which are reported 
on the blank below. 

At the end of a time determined when it is 
certain that there will be no call for further 
assays, all the assay samples are collected and 
added to a charge in the pan. 

The ore is delivered to rock breakers, placed at 
the highest level of the mill, Below the rock 
breakers, between them and the batteries, the 
drying floor in dry crushing is placed. This floor 
is made of cast-iron plates, 36 in. by 42 in., 
flanged on the sides, so that the plates may over- 
lap and still give an even floor. A flue from the 
roasting furnace runs backwards and forwards 
under this floor, the partition walls of which serve 
as supports for the plates. This floor is placed 
directly behind the stamps, and the ore is spread 
over it until dry, when it is charged by hand or 
automatically into the stamps, which are on the 
same level. 

Below the discharge level of the stamp, the roast- 
ing apparatus—if the ore is to be roasted—is placed 
in such a position that the ore from the stamps can 
be discharged into them, or be carried by a screw 
conveyor or an endless chain to an elevator which 
discharges into hoppers containing a charge for the 
furnace, when the ore is to be roasted or chloridised, 
or both, The supply of ore is cut off from the fur- 
naces automatically, when the hoppers are full, The 
speed of the elevator feeding the pulp into the 
na is regulated by two sets of cone pulleys, 
and may be made to vary from 40 to 300 revolutions 
per minute. In front of the furnace there is a brick 
or iron cooling floor, where the ore remains until it 
is cool enough to be charged into the pans. Ona 
still lower level are the pans and catch pits, if the 
mill is wet crushing, and lower still the settlers. 
The arrangement of the mill for dry crushing with 
Briickner’s cylinders, is shown in the plan of the 
Nederland Mill, Figs. 2 and 3, and with the 
Stedefeldt furnace in Fig. 3 (see the two-page 
plate in this week’s issue). The power for the 
mill is generally steam, sometimes water, and 
sometimes both together. It is communicated to 
the various parts of the mill by shafts above and 
underneath the floors. Each kind of machinery 
has its own independent line of shafting. The 
power is always transmitted by belting. The 
stamps are so arranged that any stamp or any 
battery may be hung up in a few moments without 
stopping the mill, and each pan can be detached 
from the others and remain motionless. The power 
required to drive the pan is from three to six-horse 
power, according to its capacity. The power re- 
quired to crush and amalgamate one ton of ore will 
vary from three to five-horse power, depending upon 
the way the mill is managed. 

The process of amalgamation is the same, the 
barrel process having almost entirely disappeared. 
The process of crushing is generally the same, and 
consists in the use of revolving stamps, the crush- 
ing. being either dry or wet according to circum- 
stances. Silver ores, which can be amalgamated 
directly, are generally crushed wet; those that are 
to be roasted are crushed dry, The general outline 
of crushing is, first, to reduce the rock in a Dodge 
or Blake’s crusher to a certain size, It is then fed 





under — arranged in batteries of five, the 
weight of which will vary from 600 1b. to 1000 lb. 
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each. They make from 60 to}100 drops a minute, 
depending upon their weight, and the lift it is ne- 
cessary to give the stamp. The drop varies from 
5 in. to 10 in, 

(To be continued.) 
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Instructions for Testing Telegraph Lines and the Tech- 
nical Arrangements of Offices, written on behalf of the 
Government of India under the Orders of the Director- 
General of Telegraphsin India. By Louis ScHWEN- 
DLER, Vol. I., Second Authorised Edition. London: 
Triibner and Co. : 

In 1867, in an article on the Indian telegraphs, we 


called attention in these columns to the state of the 
telegraphs in India, and pointed out the utter want 
of knowledge on the subject displayed by the staff 
then employed. To improve the knowledge of the 
staff then existing we had in our article advised 
the despatch of some practical electricians to teach 
the staff something of the principles of testing, &c. 
Soon after this some steps weretaken by the Govern- 
ment to remedy the defect. A more educated staff 
was gradually sent out to India, Mr. Louis Schwen- 
dler from Messrs. Siemens, and Mr. Lambert from 
Messrs. Clark’s office, were sent out for a term of 
years to instruct the then existing staff. Mr. Louis 
Sewendler was ultimately permanently attached to 
the department, and we have now from his pen a 
book of instructions on teaching, &c., for the use of 
the superintendents and other officers of the depart- 
ment. Although the book is no doubt the work 
of a thorough electrician and mathematician, and 
contains most clever writing, yet the order of the 
work seems to us strange. 

Mr. Schwendler introduces the reader at once to 
Wheatstone’s bridge, explaining it thoroughly by 
algebra and differential calculus, but a geometrical 
illustration of the problem is omitted, and we think 
this is rather to be regretted. However, when we 
say that the chapter on the bridge contains 27 pages, 
it will be seen that the subject is amply treated. 
We have next the differential galvanometer treated 
in a very elaborate manner. Then we have Ohm’s 
law and Kirchoff’s corollaries, which we should have 
thought ought to precede the bridge. Next comes 
battery testing, and then line testing. The pre- 
liminary remarks treat of polarisation currents, 
earth currents, atmospheric electricity, &c. We 
have then regular testing, which is divided into 
conduction and insulation tests. The regular tests 
evidently are very complete. The Indian lines are 
composed of iengths of wire of different gauges, and 
the actual mileage is reduced to a resistance mileage 
of one standard sized wire of the largest size, and 
the measured resistance is divided by this reduced 
length, giving the resistance per mile of this reduced 
length, and as the standard wire is of the largest 
section used, the reduced length is always larger 
than the actual length of the line, The resistance 

er mile is thus shown as smaller than it really is 
or the sake of comparison. The insulation resist- 
ance is divided by the actual mileage. The correc- 
tions for regular tests are elaborate, but there are 
various Tables for facilitating them. There are in- 
structions also for scrutinising the tests. 

Then come fault testing for disconnexions by dis- 
charge. In this there are some good remarks on the 
question of damping the swing of the needle when 
taking discharges. ‘The balancing of charges method 
is also given with Thomson’s method, using Varley’s 
slides. This subject is very fully treated. 

We have next the finding of “earths” and con- 
tacts by the bridge and loop test. These are also 
very complete. In one example it is shown how if 
the leakage due to imperfect insulation were not 
taken into account an error of 39 miles in 329 would 
occur. 

We note that aspecial Indian wire gauge is em- 
ployed which has its numbers in the reverse order 
to the Birmingham wire gauge, No. 1 being its 
smallest size, equal to 42 thousandths of an inch, 
and No. 50, its greatest, equal to 300 thousandths of 
an inch. It appears that No. 12 I.W.G. corre- 
sponds about with No. 8 B.W.G. 

By a few of the samples of the test pages it 
“- ears that the insulation per mile is very good, 
The book appears to be a valuable treatise on test- 
ing of land lines, and evidently the Indian lines, if 
these regular tests are carried out, must be the most 
accurately tested land lines in the empire, and the 
staff must be all that can be desired. Indeed, the 
author in his preface states that “There is a large 











staff of officers available with a first-rate general 
education, with a strong desire for improvement, 
and many of them are well trained in conducting 
physical experiments.” There must therefore be a 
vast improvement in the lines and staff since we 
commented on the subject some eleven years ago, 
and we congratulate the Indian Government accord- 


ingly. 


CANADIAN RAILWAYS.—No. XIII. 
WINDSOR AND ANNAPOLIS RAILWAY—(continued). 


From the earliest settlement of Canada, the 
French strengthened their alliance with the natives 
by constant and friendly intercourse, by an assimila- 
tion to their manners, by their common religion, for 
the Indians were early and earnest converts to the 
Catholic faith, and by frequent intermarriages. 
During the 110 years that they held Nova Scotia, 
they gained so thoroughly the goodwill of the 
Indians, and inspired them with such an inveterate 
hatred of the English, that the British ever found 
them, in this country, implacable enemies. In the 
long struggle between the two powers on the conti- 
nent on five different occasions the English forces 
captured Port Royal,{the capital, and the district 
surrounding it, bat each time on the conclusion of 
peace the Court at Whitehall cared little for these 
barren conquests, and Nova Scotia was handed back 
to its original masters. Each time a large number 
of French soldiers and settlers were left in the 
country, who had been parolled on condition that 
they should not again take up arms against the 
British. The result was that these ‘French 
neutrals,” as they were called, most of them with 
Indian wives and half-breed children, soon formed 
a considerable colony amongst themselves, and were 
constantly being recruited by others in the same 
political condition. The position of these people 
was most peculiar; for more than a century they 
were constantly changing masters, and had no sooner 
acknowledged themselves the subjects of one crown, 
than they found themselves handed over to another. 
By the treaty of 1713 France lost for ever a colony 
that she had never appreciated, and for the last time 
the Acadians changed masters, but they privately 
informed Vaudrieul, the French commandant at 
Quebec, that though compelled to submit to the 
English, His Majesty the King of France had no 
more loyal subjects. 

But they were excellent colonists, frugal, clever, 
and industrious; they held under cultivation the 
best land in the provinces, they were free from rent, 
taxes, and the vicissitudes that distracted other 
early settlers, and in thirty years after the peace 
they numbered 18,000 souls. Whilst prosperity, 
however, smiled on the happy Acadians, France in 
1744 again declared war against England, and the 
next year Louisbourg, her great stronghold in Cape 
Breton, fortified at a cost of 30 million livres, fell 
before a combined attack of the Massachusetts army 
and the British fleet, The crisis was approaching, 
and both parties were strengthening their defences. 
On the 4th December, 1746, a detachment of troops 
was sent to the forts on Minas Basin, but as the 
season was too far advanced for navigating the 
inland waters, they were landed on the shores of 
the Bay of Fundy, and after a weary march of eight 
days reached the Acadian village of Grand Pré. 
Here they recruited themselves in an unguarded 
manner, with 50 leagues of a trackless forest, and a 
deep snow between them and danger. The French 
garrison at Chiegnecto were however accurately in- 
formed of their position, and after a wonderful march 
at the most inclement season of the year, during a 
violent snow-storm, and at three o’clock in the morn- 
ing, they rushed upon the unsuspecting Englishmen. 
It was at first more a massacre than a battle, 
but after the senior officers and nearly one-third 
of the private soldiers had been killed, Captain 
Morris succeeded in rallying his men, and made a 
gallant defence. Though compelled to surrender, 
they stipulated that they should march to Annapolis 
with their arms in hand and their colours flying. 
This was the battle of Grand Pré, and it was the 
remains of those brave fellows, thus brutally 
murdered, that were disturbed in the excavation of 
the railway immediately, west of the little Grand Pré 
Station. The year after, another English fort, which 
stood on the hill near the iron bridge over the 
Gaspereaux, was susprised at a moment of imagined 
security by a body of St. John Indians, who besieged 
and took it; and in 1750 a force sent off secretly to 
capture the French Fort Cumberland found the 
Indians and Acadians in force there before them, 











and 450 of the latter under arms. The position of 
the English throughout the country was very pre- 
carious, and even the settlers in the new city of 
Halifax were unable to move beyond the lines of 
their fortifications without being shot, scalped, or 
captured by the hostile Indians that surrounded 
them. It was impossible not to connect many of 
these disasters, and the early information given to 
the enemys with the presence in the colony of these 
disaffected Acadians, and it was known that at the 
least misfortune or surprisal of the fortress at 
Annapolis, 4000 of them were ready to take up arms, 
and complete the destruction of the British. Under 
these circumstances it was determined to confiscate 
their property, break up their settlements, and 
disperse them amongst the other colonies from Maine 
to Virginia. The order was carried out with cruel 
haste. Summoned to collect at the church of Grand 
Pré and other centres on the 5th of September, 1755, 
they were kept prisoners till the 10th, and then 
shipped away. Of those resident on the Grand Pré 
1923 were thus despatched, and from Windsor to 
Annapolis, at Argyle, and in Cumberland across the 
basin, the whole country was in a blaze with the 
burning of their houses and the destruction of their 
farm buildings. In the parish of Minas alone 255 
houses, 276 barns, 11 mills, and a church were 
burnt, and on the other side of the basin 253 houses 
were to be seen on fire at the same time. Some of 
the Acadians ran away into the woods and joined 
the Indians, others escaped in onejway or another, 
but 7000 were actually expatriated, and of these 
probably one-half died from the effect of their hasty 
removal, and the hardships they were compelled to 
undergo. It was a cruel transaction, and with 
the knowledge we now possess of the result of the 
coming campaign it was unnecessary ; but with the 
uncertainty that then hung over the approaching 
death struggle between England and France fer the 
possession of America, there is much to palliate 
what seemed to those in authority a necessary pre- 
caution, 

Leaving Grand Pré, the scene of so many incidents, 
the train passes a number of villages, all of them 
rare A and many of them with public and private 

uildings mast tastily designed. Large quantities of 
plums and other fruit are grown in this neighbour- 
hood, and potatoes for the American market were 
at one time cultivated all through this dyked district 
to an enormous extent, but this has quite fallen off 
now, apple growing and cattle-raising being the 
principal sources of agricultural wealth. Very much 
of the success that has attended the former of 
these branches of their business is due to the efforts 
of a society called the Fruit Growers’ Association, 
whose head-quarters are at Wolfville, the next 
station to Grande Pré, and who have an exhibition 
building on the railway grounds there, where a series 
of meetings are held, each year more numerously 
attended, and which has by judicious competition, 
liberal prizes, lectures, and discussions, done an 
immense deal of good in disseminating a know- 
ledge of, and an interest in, a subject that a few 
years since was an entirely neglected branch of hus- 
bandry. 

At Kentville, 70 miles from Halifax, are the 
principal offices and repairing shops of the railway, 
and where the works have been concentrated. 
Here the influence of the tide ceases to be felt, and 
the rich agricultural pastures that have been passed 
over are succeeded by a sandy substratum, but never- 
theless tolerably productive, as far as Berwick, 
ten miles from Kentville, where the road comes upon 
the Carriboo Bog, the summit of the line, and in 
which the Cornwallis river, up the valley of which 
we have passed, and the Annapolis river, our com- 
panion forward, both have their origin. The bog 
itself isa bed of peat 7 miles long, although the 
railway crosses it in 3 miles, and the depth varies 
from 6 ft. to 20 ft. Sam Slick, the clockmaker, 
explains its position and ownership in this way, that 
in the original division of the country, the Church 
took the land, the Crown the minerals, and this 
Carriboo Bog was adjudged to the devil, and ‘“‘ they 
do say,” adds Mr. Slick, ‘‘ that the old gentleman 
was badly used in the transaction.” The railway 
has, however, found a good location over it, and 
beyond the annoyance of its occasionally getting on 
fire in the summer from the engines it has given no 
trouble. About two miles north of Berwick Station 
an enterprising ‘‘ blue nose” commenced some five 
or six years since a “minkery.” The mink is an 
animal of the weasel family, and his skin is worth 
from six to ten shillings. They breed very fast, 
and their food is—at least our friend fed them upon 

















Jan. 17, 1879.] 


ENGINEERING. 


45 





—fish, The profit is enormous, when everything 

oes right, but in this case it did not, for a sudden 
freshet washed out a small hole by the side of the 
iron grating placed to secure the little stream which 
it is necessary should constantly run through their 
enclosure, and the family of 200 minks, one-fourth 
of whom were to have been killed ‘‘next week,” 
tired of their life of idleness, preferred finding their 
own living as their forefathers had done in the forest, 
and left without any acknowledgment of the past 
favours conferred upon them, Perhaps, it was 
suggested, they were tired of the monotony of their 
fish diet ; at all events the disgusted proprietor has 
not sold a mink-skin since, and doubts whether 
this description of live-stock is really so profitable 
as it has been represented. 

For nearly 20 miles after leaving the bog, the soil 
is too sandy to be valuable, although on each 
side of the railway are some well-to-do farms, 
until Middleton is reached, where the Annapolis 
river begins to be from 80 ft. to 120 ft. wide, 
and below which the tide and the rich alluvial land 
again commence. From this station, through a 
notch in the South Mountains, a railway now under 
construction, 67 miles long, will connect this rail- 
way with Lunenburg and Bridgewater, the former 
aseaport on the Atlantic, and other a timber ex- 
porting town of some importance on the Lahaoe 
river. Besides the lumber (sawn timber), this road 
has for its prospective traffic some enormous deposits 
of iron ore which exist all the way along this South 
Mountain range. Formerly an iron works was in 
operation near Middleton, which smelted a ‘shell 
ore,” the iron being associated with a carbonate of 
lime, but the large quantity of phosphorus spoiled 
the iron, and the works partly on this account, and 
partly from their isolation, were abandoned. The 
present proprietors of the minerals have opened out 
several rich veins of limonite, brown hematite, and 
micaceous ores, and they claim in addition to have 
discovered a deposit of red hematite. On the com- 
pletion of this railway they propose to export these 
ores to the United States, to be smelted in the fur- 
naces of New Yorkand Pennsylvania. The present 
prospects for this, it must be confessed, are not very 
promising, and the Niclaux and Atlantic Railway 
is not progressing so fast as it might do to a com- 
pletion. ‘The Government granted a subsidy of 
6000 dols. per mile, the right of way, and 100,000 
acres of land, but the general opinion is adverse to 
the scheme, and the granting of the subsidy, or the 
expenditure of any money at all upon such a line, is 
believed to be a mistake. 

From Middleton to Annapolis, 28 miles, the rail- 
way closely follows the course of the river, which 
gradually widening is nearly half a mile across oppo- 
site the old town, with a tidal rise and fall of from 
20 ft. to 28 ft. The whole of this district is a rich 
alluvial soil, much of it dyked, and admirably 
adapted for fruit growing and cattle raising. Apples 
are, as in Cornwallis, the principal article of export, 
and from 150,000 to 200,000 barrels are annually sent 
away of the choice kinds, whilst the inferior varieties 
are converted into cider. Cheese and butter fac- 
tories have been introduced and are doing well, 
working on a sort of co-operative system, each pro- 
prietor furnishing a certain quantity of milk, for 
which he is paid at a fixed nominal price, taking the 
same proportion of the profit in addition that he has 
furnished of the milk used, so that in reality it 
makes but little difference at what price the milk is 
valued at the factory. ‘The economy and cleanli- 
ness of this system over the old method of cheese 
and butter making at the farmhouses must be 
obvious, being able to pay for good management 
and skill at the wholesale establishment, and saving 
a lot of disagreeables in the houses of the farmers. 

The Windsor and Annapolis Railway was opened 
throughout on the 18th of December, 1869. It was 
constructed on the 5 ft. 6 in. gauge, which was then 
the standard for Canadian railways, but in 1874 and 
1875 the Great Western and Grand Trunk having 
altered these rails to the American 4 ft. 8} in. 
gauge, it was decided to complete the unfinished 
Intercolonial onjthe same, and to assimilate the 
older portions that were working to the new 
standard. ‘This necessitated the alteration of the 
Annapolis and the Windsor Branch railways, the 
Government assisting the company to the extent of 
exchanging the trucks or bogie frames of all the 
cars for new ones, with wheels and axles on the 
narrow gauge, giving the company six altered 
engines for their own old ones, which were com- 
pletely used up, and lending them three new engines, 
which, although nominally the property of the 


Government, with their ownership pone on them, 
have nevertheless done by far the heaviest part of 
the running ever since. The rails are the Erie 
pattern, 67 lb. per yard at the Windsor end, and 
50 lb. to the yard at the Annapolis end. The com- 
pany have relaid some six or eight miles of the 
25 miles between Kentville and Windsor, the whole 
of which is now in pretty good order, but the 
60 miles of line now between Kentville and Anna- 
polis has a very badly worn rail, which must be 
renewed before the company can hope for any very 
heavy traffic to be carried over that portion of the 
road. Some great improvements have been made 
in filling] up the old trestle bridges with earthen 
embankments and culverts, but as the line started 
into being with seventy wooden structures, the 
only timber procurable for which was of a very 
perishable description, there is still a heavy expen- 
diture required to render these works satisfactory or 
durable. 

From the date of commencing the traffic, the 
company have been unfortunate in their relations 
with the Dominion Government. One of the 
clauses stipulated in the original agreement was for 
running powers into Halifax, and the control of 
their own traffic. The main business expected was 
the through traffic between Halifax and St. John, 
and it was perfectly foreseen that, when the Inter- 
colonial Railway was complete, these two lines 
must necessarily be competitors for the business 
between these two cities. The Government for some 
time acted in a most illiberal manner, and the two 
years that elapsed before the Annapolis Company 
were allowed to run into Halifax was for them a 
fatal delay, as it prevented them establishing a 
trade, and making traffic arrangements until the 
all-rail route was almost ready to go into operation. 
The refusal of the Government to recognise this 
legitimate claim of the company led to several de- 
putations from England to Ottawa, and a long 
correspondence, conducted with some acrimony, and 
productive of a bad feeling which has never been 
allayed. Finally, after two years negotiation, a lease 
of the Windsor Branch for 21 years was given to the 
Annapolis Company, the Government to maintain 
the roadway, and to receive one-third of the gross 
earnings. This arrangement commenced January lst, 
1872, and for over six years continued undisturbed. 
There were occasional disagreements, and the com- 
pany had every reason to complain of the very bad 
condition of the branch, the rails of which, nearly 
20 years old, were completely worn out, and their 
repeated breakage led to several serious accidents, 
the damages of which had to be borne by the 
Annapolis Company. In 1874 the Western Counties 
Railway, an extension of this road to Yarmouth, 
obtained an Order in Council giving them as a free- 
hold the Windsor Branch, and on the Ist of August 
last to carry this into effect, the Government 
abruptly terminated the lease, and took forcible 
possession of the line, putting their own engines 
and station masters on, and depriving the Annapolis 
Company of any privileges beyond Windsor. On 
the 22nd of September these men and trains were 
withdrawn to make way for the staff of the Western 
Counties Company, who have worked the line ever 
since. As by a fiction of the law the Queen can do 
no wrong, and the Government therefore are 
superior to the courts of justice, the Annapolis 
Company have entered an action against the Western 
Counties for trespass, and the courts so far have 
decided in favour of the validity of their lease. A 
worse piece of official bungling was never per- 
petrated, and the hasty and ill-considered act of the 
Government has seriously damaged the prospects of 
both the companies thus forced into hostility, and 
inflicted a serious blow upon the business and con- 
venience of a very large section of the community, 

In 1875 the company rearranged their capital ac- 
count, which now shows a gross expenditure to the 
30th of June, 1877, of 881,1307, of which 40,7557. 
was then a floating debt, but subsequently to this 
report the Local Government endorsed 50,000/. of 
a debenture stock, against certain securities given 
to the Government, and this amount would pro- 
bably relieve this floating indebtedness, The financial 
result, however, is very bad, and the prospects for 
the future are black in the extreme. By the 
directors’ last report the net revenue for the year 
showed a loss of 16,353/., and from previous reports 
the aggregate loss for the eight years the line has 
been in operation has been over 100,000/. The 
revenue for the year ending June $0, 1877, was 
37,7282, of which 18,733/. was earned on the 





Windsor Branch, of which the company have been 


since dispossessed. The test amount earned on 
the 84 miles of the Windsor and Annapolis pr 
was in 1871, when it reached nearly 21,000/,, but 
the average has not been over 20,000/.; and as by 
the scheme of arrangement 425,000/. of bonds are 
authorised, of which at least 350,000/. are issued 
at 6 per cent., the gross receipts of the railway itself 
do not equal the interest on the mortgage. 

From Annapolis the route to St. John is by 
steamer down the river to Digby 16 miles, and 
across the Bay of Fundy 45 miles, or 61 altcegether. 
Halifax being 129 miles from Annapolis makes the 
total distance between the two cities 190 miles by 
this route, against 276 miles by the Intercolonial, or 
roughly as two to three in favour of Annapolis, 
The nominal time occupied either way is 12 hours, 
the trains leaving each end about eight in the morn- 
ing, and being due about the same time at the 
other end in the evening. The Intercolonial has, 
however, a night train, excepting about three months 
in the winter, which as a rule carried more through 
passengers than both the morning trains. If, how- 
ever, the Annapolis Company worked their pas- 
senger traffic at the same speed as the Intercolonial, 
and no time were lost in the transfer to the steamer, 
which running direct can do the distance in 44 hours 
from Annapolis to St. John, this route would save 
from an hour to an hour and a half over the longer 
line. The saving of time, of distance, and of ex- 
pense ought to give this line, especially in the 
summer season, a preference, which would un- 
doubtedly control the traffic, but for the unfortunate 
breaking up of the route amongst three corporations, 
the result of which, and the unpopularity and mis- 
management of the whole concern, has driven the 
through traffic off the line completely, and alienated 
the sympathy of the community from the enterprise 
altogether. 








RAILWAY ROLLING STOCK AT THE 
PARIS EXHIBITION.—No VI. 


Tue Paris, Lyons, and Mediterranean Railway 
Company exhibited three vehicles amongst the other 
French rolling stock in the annexe adjoining the 
Porte Rapp, while in one of the annexes on the 
Trocadéro side of the Seine a first-class carriage 
made for the company by Messrs. Descouches, David, 
and Co., of Pantin, was also shown. Of the three 
vehicles exhibited in the annexe near the Porte 
Rapp, one was a saloon carriage, another a first-class 
carriage with sleeping accommodation, while the 
third was a coal wagon. 

Of the saloon carriage just mentioned—which 
like the other vehicles has been constructed from 
the designs of M. E. Marie, the engineer-in-chief 
of locomotives and rolling stock—we give outline 
engravings in Figs. 1 and 2 on the next page, these 
views suflicing to show its general arrangement. As 
will be seen, the vehicle has three compartments, the 
central one only being provided with side doors, the 
others being entered only by doors in the partitions 
between them and the central saloon. ‘The side doors 
we should mention are made wide so as to admit of 
an invalid being carried in on a couch if ne- 
cessary. The end compartments each contain a 
couch forming a bed and also a couple of seats, 
which can be drawn out to form a second bed, so 
that four good beds are available for night service. 
The central compartment is also fitted with seats | 
which can be drawn out to form beds, as shown by 
the dotted lines in Fig. 2, while a central table (not 
shown in our engravings) is also provided. Each of 
the end compartments has a portion partitioned off 
to form a cabinet, this cabinet in one of the com- 
partments containing a lavatory and water-closet, 
while in the other it is fitted with seats for two 
servants. ‘These cabinets are lighted by windows in 
the ends of the vehicle. 

Altogether, as will be seen, the carriage affords 
places for fourteen people during day service, or ten 
during night service, and as the floor area of the 
vehicle is almost exactly 200 square feet, it follows 
that the floor area allowed per passenger is 14.3 
square feet during the day and 20 square feet dur- 
ing the night, a very liberal allowance. The weight 
of the — empty is 11 tons 15 cwt. 3 qrs., and 
the weight of vehicle per passenger is thus 16.8 cwt. 
during day and 23.6 cwt. Sone night service. 

The general fitting up of the carriage—which 
was constructed at the works of the company at 
Paris—is excellent, and the vehicle is altogether a 
very comfortable one. The window sashes are 





covered with velvet to avoid rattling, and are all 
counterweighted so as to stop in any position. The 








~ 


pay haart lg SE 


» * 
a te ee) 


“eae 


es 





4 
; 





ord 


yy 





ENGINEERING. 


4 


42 





- 


Cl ehiuayr: 


PRION LIST oF =e 





he pe A ad weowcoso ecole 6 0000 © eo e¢°0 eococoo ©000000000 690009 00 06909 6 Ow scooose oo°e BFRace 
Betucuy then Broacoe ©0f°S @ egee 2g ge epee coogegge RQmereess% weeeces ge “go » ga cowmow Peg rceeoce~ 
s BR°oooe verse f fen © neo z2°S Qe BHP He MTT mmo tre mamece ne tHe m a6 aeeen @coaq oagoooc: 
AEESS SS Seer | eeecaa ¢ o060 ee P0cBBoocccc. ©0000020990 op000°0 00 ©0900 6 g6 cosee ooaq TTow of 
0008S mat meet | eog°s ™ gogo ae eet omvugon moe@eoucogo meeeg°o co 80° 9g wo HMgeZo eaecono 
Le mur°° noone o gro~ceon MTTEMMMOTM me who oO or" 8 aa MaHeKe peer a a 


: 
mtg a 
Wie aie fal 


i iH he 


i 
ia! 





° 
° 
> sf 
eu: 
Py id 
if 
3 


he 


1 taal val a 


iif ee 
frat mt 


seereecweroeren ces 
es 
see 


POe eee neseresaecesrenses 





ne cieebgieie Sts 


ui 
H 


as ee : 





Seccednoceds Googe .w Coa0M ¥ Fae Oe OER RTES OME my Oe 
atooneesonsg Reese © eee” i PET Sala totes’: Gua: >| ade 
POPS LOLOGe CoCee + cowes 2 PH OA Hm OmMOE TOS oOMmo eee 
rie parse ° mm =) hai jc sili opel 6) pa 
fig: : : 
a Bis ti } ge 
i 
Hil il ful 
ii: g 
é 





iH ‘ti 
a 
fealty 54 


“te 


wwoo 
eneo 
©ceeno 
ofee 
&°ge 


CeO mo 


Heys al] 
i 


3 


gre cate i 


Rigi 


aa Hie 





~ ROR 


°§ ~cwOrwen 0900 a Amaxeon -=oUm™ eqaeoce ooaog 
oa gen cogs ~~ Meee O en egeceo oooo 
~s gqeoogo goo eo eoocoeo coo 9 Tagan gone 
° Sesaqn C0OF 0 On On go om © ©aG00 Go00 
» G4 Sum nw oge~ S “ MH m Ooo “unm wPawrow coon 
“1 Roecqo, ome E. © ©00°000°0 ec 0 1 ob | gee ied 
Fn te aT / i tk le 























dooo ° 3 2 eo #900 et ee oe 2 ee wowwoccowow wo Rsceeccact geo oo oom 8° 0 © BO90BO]C]COO moO 3S.Ce0 
“358 5 B HR F WMT SHLSSSSavgsaagrs eRelnseres Os areee om Se? 8 8 “ BESBBRATES SQ Foeoaye 
wooo © 8© © @ 8000 gooevag doccodons Yu cccceeces ee SL og 000 'O @ @ eésiquneoee fe grtttso 
: Gun RE SPS SISTIIS pipes heb: Ou Somme ne om og B 33 = oy bp sd diets pects BR gtee°ae 
i. af Eau: || i) PTidieiti (3; = "S88 ss if GiiBig: : giitipii: og : 
) ‘ai fumiii ii ® ii, eid We 
ig iti bili: Pidiiiaigio tii 
fa ¢! Site pee ‘nens duel ga’ 45 
: SF bis cic a, 6 pelea “ive ba ale 
il hat Be HEU 9% Te ORL 
: ss z 
5 RA 3 a gs oe oe Ben 
§ 06 & a as 








; HAGE 


238 


ii i 
“a i 


Hh - 








Cogan eo ° . 
« < “ees od ° PHCEMP PA ¢Oidy SOM 016 6p 04 ch CERO woocco Sommungyg nogoogmoo gone oo ° » ee 29298 OmomMS 
So. 
SEGA S MOTY BSESSSR ALT CHSPSASS AKAs oeese+ssess Tye5 F FARRKH_Worenvvrenmeramcre sere yo = S eM Evgeserooen 
- “= 

eootts ¢Onmr ceogooodeo _ PRI ee hea ges eocooe ow 7 nee soo Of ° gg 08 2°88 S8OmomMS 

= 

cco me = — 
Bapeookan BVSSSKRSER Sgsnss% 88 Ss eesenessee vaeges! EZVESZUMV ON MM NCCLmnemoom FETE Yo + E OY THE rEe~ rane 
~ 


eeee eet seeee 


f ii 


METALS, 





. Hy al 
“HEHE, | THE 
fast 





(South Wale)... " 

(North Wales) . 
Govan, ‘at Broomielaw 
Calder, at Port Dundas. 


Scoteh 
G.m.b., at 
Coltness . 
Summerlee 


Welsh 


Ws 


























, avoid the change of weight which takes place if 
are also made strictly to 


used, and they 


ickness eel 
wood is 

Span « t ! 7 
ne Ot ee ene che ee RO ee nee 


~~ le a = & = 





in Europ 


made 


with 


we may venture thie remark 


relerenct 


i 


— o- 





seca aa Set Nii ABI Henig, Sas BL 


‘ 


facta, that wherever 


a 


La 


PAN AMALGAMATION OF SILVER 
(For Deber 























ER ORES IN NEVADA AND COLORADO. 


or Debcrighion, see Page 43.) 





































mht og Fh 











Jan. 17, 1879.] 


43 





PAN AMALGAMATION OF SILVER ORES 
IN NEVADA AND COLORADO. 
By T. Ecxiesron, Ph. D. : 


Tue various metallurgical processes for the work- 
ing of silver and gold ores depend having some 
an metal, generally mercury, or copper, as 
an intermediate uct, in which the 
metals can be concentrated. Such processes as 
Sar eat 

ev: tah, an 
cesses of the Boston and Colorado Works. See 
ENGINEERING, vol. xxii.) : 

Wet processes, such as Van Patera’s leaching pr 
cess for silver we cape Yea in oe w 
is licable only to gold ores, are is neces- 
pony the ores so treated should be very finely 
crushed, and accessory pro- 





they generally come as an 
duct from the smnlgamation a sang To be carried 
out cheaply the work should be done on a very large 


ted. The processes 
in different localities at different times. There are 


a number of furnaces which have been invented for 
this which have been more or less success- 
ful. They are peed reverberatory furnaces 
with a number of hearths, either placed the one 
after the other, so as to make one long furnace, or 
placed at different levels, sometimes directly over 
each other, or in the shape of steps. ‘The only shaft 
furnace which has continued in use is the Stedefeldt 











Fig . 7. 
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scale. Although successful in a metallurgical 
way, the chlorination process is often not successful 
financially, owing to the impossibility of getting 
a sufficient supply of ore at all times, Up to 
this time it has only been applied*to the con- 
centrates from gold mills. It cannot generally be 
used for the concentrates of silver mills, because all 
the silver contained in them would be lost. 

Taking into consideration the fact that most of 
the American mills have been started by mechanics, 
and superintended by men who are generally 
innocent of all metallurgical knowledge, it seems 
wonderful that they should be able to work the ore 
as closely as they do. It seems to Europeans very 
extravagant that tailings in certain districts con- 
tain from 15 oz. to 18 oz. of silver to the ton, 
or even more; but this is generally the case, 
because the price of labour is so high that it 
will cost 21 dols, to get out the 20 dols. To 
attempt to use any process based on European ex- 
perience of labour, would, therefore, be unwise in 
the West. The doing of it, however, is the reason 
why so many foreign enterprises have resulted dis- 
astrously. 

The processes in use in the United States for the 
extraction of silver are: 1. Pan amalgamation. 2. 
Lead fusion. 3. Fusion with copper ores, The 
first is applicable to ores con very few base 

e second to ores in ena, 

the galena is in excess, and can be in 
quantities, the third is applicable to ores 

copper, which usually contain considerable at 
the same time. 

wifi ein te 

an on e 
andthe East. When the lead ore contains but little 

















furnace, which is applicable only to “light” ores, 
or those containing very little sulphur, Of revolving 
furnaces, Briickner’s cylinder already been 
described (ENGINEERING, vol, xxii., 515); and 
Teat’s furnace, which is almost identical with it. 

The amalgamation is almost uniformly performed 
in pans, but occasionally in barrels. It would seem 
that the barrel process would be the chea but 
it has been superseded by the pan, with the use of 
which every one is familiar. 

The general arrangement of the mills is the same, 
exception being made of the presence or absence of 
roasting. When roasting is done, the ore is crushed 
ary i when it is not, it is crushed wet. 

n discussing these processes, no particular mill 
will be described, since they all resemble each other. 
The details which are given have been taken for dry 
crushing from Stewart's and Judd and Crosby's 
Mills in Georgetown, and the Nederland Mill in 
Boulder, Colorado; for wet crushing, from the 
sg a gsi and Consolidated ae gpa Mills 
in Nevada, for amalgamation. crushing 
and barrel sail raiment in tee Pelee 
Mill in , Colorado, have already been 
described in ENGINEERING, vol, xxiv., page 297. The 
plan of this mill is shown in Fig. 1. 

About 25 to 30 per cent. of the Comstock ores is 


The ores treated in 1874 at Stewart’s Custom Mill 
Colorado, averaged 150 oz. of gold, 


rparts it.” he rock 
to 50 per cent. of 


om Mill treats ores of 


reverberatory furnaces, The Nederland Mill is 
a company mill, and treats ores from its own 
mines. They contain 50 oz. of silver, 3 per cent. of 
lead, 2 per cent. of copper, and 60 per cent. of 
quartz. The roasting is done in Brickner’s cy- 
linders, (See ENGINEERING, vol. xxii., page 515. 

In Colorado 40 oz. of silver can be treated, but 
only 60 oz. yields a profit to the miner. The ore 
treated at the Eureka Millin Nevada yields from 
50 dols, to 160 dols. of gold and silver, three-fourths 
being gold and one-fourth silver. For the prices 
= Colorado ores see the description of the 

and Colorado Works, ENGINEERING, vol. xxii., 


200. 
i the large mills the ore is assayed by the 
assayer of the one. The samples are taken 
acwode oars ey gg Age sete In the 
speculative mines this is a matter o' 7 meee fo 
and only the superintendent and chief officers of the 
mill know its history. The sample is wrapped in 
wrappers which are printed like the bullion assay 
wrappers, both on the inside and outside, so that 
there shall be no mistake. Three samples are taken ; 
two go to the assay office, and the third is kept in 
the office of the mill. A careful record is kept in 
Capes De ene = marks on the 
papers as well as of the assays, which are reported 
on the blank below. a 

At the end of a time determined when it is 
certain that there will be no call for further 
assays, all the assay samples are collected and 
added to a charge in the pan. 

The ore is delivered to rock breakers, placed at 
the highest level of the mill, Below the rock 
breakers, between them and the batteries, the 
drying floor in dry crushing is placed.. This floor 
is made of cast-iron plates, 36 in. by 42 in., 
flanged on the sides, so that the plates may over- 
lap and still. give an even floor. A flue from the 
roasting furnace runs backwards and forwards 
under this floor, the partition walls of which serve 
as supports for the plates. This floor is placed 
directly behind the stamps, and the ore is 
over it until dry, when it is cha by hand or 
automatically into the stamps, which are on the 
same level. 

Below the discharge level of the stamp, the roast- 
ing apparatus—if the ore is to be roasted—is placed 
in such a position that the ore from the stamps can 
be discharged into them, or be carried by a screw 
conveyor or an endless chain to an elevator which 
discharges into hoppers containing a charge for the 
furnace, when the ore is to be roasted or chloridised, 
or both. The supply of ore is cut off from the fur- 
naces automatically, when the hoppers are full, The 
speed of the elevator feeding the pulp into the 
i. is regulated by two sets of cone pulleys, 
and may be made to vary from 40 to 300 revolutions 
per minute, In front of the furnace there is a brick 
or iron cooling floor, where the ore remains until it 
is cool enough to be charged into the pans. Ona 
still lower level are the pans and catch pits, if the 
mill is wet crushing, and:lower still the settlers. 
Thé arrangement of the mill for dry crushing with 
Briickner’s cylinders, is shown in the plan of the 
Nederland Mill, Figs. 2 and 3, and with the 
Stedefeldt furnace in Fig. 3 (see the two-page 
plate in this week’s issue). The power for the 
mill is generally steam, sometimes water, and 
sometimes both together. It is communicated to 
the various parts of the mill by shafts above and 
underneath the floors, Each kind of machinery 
has its own independent line of shafting. The 
power is always transmitted by belting. The 
stamps are so arranged that any stamp or any 
battery may be hung up in a few moments without 
stopping the mill, and each pan can be detached 
from the others and remain motionless. The power 
required to drive the pan is from three to six-horse 
power, according to its capacity. The po 
quired to crush and amalgamate one ton of ore will 
vary from three to five-horse power, depending upon 
the way the mill is managed. 

The process of ge or is the same, the 
barrel process having entirely disappeared. 
The process of crushing is generally the same, and 
consists in the use of revol stamps, the crush- 
ing being either dry or wet according to circum- 
stances, Silver ores, which can be amalgama 
directly, are generally crushed wet; those that are 
to be roasted are crushed dry. The general outli 
of crushing is, first, to reduce the rock in a Dodge 
or Blake’s crusher to a certain It is then fed 





Both these mills roast in 


under stamps arranged in batteries of five, the 
weight of which will vary from 600 lb. 
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each. They make from 60 to,100 drops a minute, 
depending upon their weight, and the lift it is ne- 
cessary to give the stamp. The drop varies from 


5 in. to 10 in. 
(To be continued.) 


LITE RATURE. 


a ‘or Testing Telegraph Lines and the Tech- 
par ok yew andes of ; 4 at on behalf of the 
Government of India under the Orders of the Director- 
General of Telegraphsin India. By Louis ScuwEn- 
DLER, Vol. I., Second Authorised Edition. London : 

Triibner and Co. 

In 1867, in an article on the Indian telegraphs, we 
called attention in these columns to the state of the 
telegraphs in India, and pointed out the utter want 
of knowledge on the subject displayed by the staff 
then employed. To — the knowledge of the 
staff then existing we had in our article advised 
the despatch of some practical electricians to teach 
the staff something of the principles of testing, &c. 
Soon after this some steps weretaken by the Govern- 
ment to remedy the defect. A more educated staff 
was gradually sent out to India, Mr. Louis Schwen- 
dler from Messrs. Siemens, and Mr. Lambert from 
Messrs. Clark’s office, were sent out for a term of 
years to instruct the then existing staff. Mr. Louis 
Scwendler was ultimately permanently attached to 
the department, and we have now from his pen a 
book of instructions on teaching, &c., for the use of 
the superintendents and other officers of the depart- 
ment. Although the book is no doubt the work 
of a thorough electrician and mathematician, and 
contains most clever writing, yet the order of the 
work seems to us strange. 

Mr. Schwendler introduces the reader at once to 
Wheatstone’s bridge, explaining it thoroughly by 
algebra and differential calculus, but a geometrical 
illustration of the problem is omitted, and we think 
this is rather to be regretted. However, when we 
say that the chapter on the bridge contains 27 pages, 
it will be seen that the subject is amply treated. 
We have next the differential galvanometer treated 
in a very elaborate manner. Then we have Ohm’s 
law and Kirchoff’s corollaries, which we should have 
thought ought to precede the bridge. Next comes 
battery testing, and then line testing. The pre- 
liminary remarks treat of polarisation currents, 
earth currents, atmospheric electricity, &c. We 
have then regular testing, which is divided into 
eonduction and insulation tests. The regular tests 
evidently are very complete. The Indian lines are 
composed of lengths of wire of different gauges, and 
the actual mileage is reduced to a resistance mileage 
of one standard sized wire of the largest size, and 
the measured resistance is divided by this reduced 
length, giving the resistance per mile of this reduced 
length, and as the standard wire is of the largest 
section used, the reduced length is always larger 
than the actual length of the line. The resistance 

r mile is thus shown as smaller than it really is 
for the sake of comparison. The insulation resist- 
ance is divided by the actual mileage. The correc- 
tions for regular tests are elaborate, but there are 
various Tables for facilitating them. There are in- 
structions also for scrutinising the tests. 

Then come fault testing for disconnexions by dis- 
charge. In this there are some good remarks on the 
question of damping the swing of the needle when 
taking discharges. The balancing of charges method 
is also given with Thomson’s method, using Varley’s 
slides, - This subject is very fully treated. 

We have next the finding of “earths” and con- 
tacts by the bridge and loop test. These are also 
very complete. In one example it is shown how if 
the leakage due to imperfect insulation were not 
taken into account an error of 39 miles in 329 would 
occur. 

We note that aspecial Indian wire gauge is em- 
ployed which has its numbers in the reverse order 
to the Birmingham wire gauge, No. 1 being its 
smallest size, equal'to 42 thousandths of an inch, 
and No. 50, its greatest, equal to 300 thousandths of 
aninch. It bayeos that No. 12 LW.G. corre- 
sponds about No. 8 B.W.G. 

By a few of the samples of the test pages it 
appears that the insulation per mile is very good, 

e book — to be a valuable treatise on test- 
ing of land lines, and evidently the Indian lines, if 
these regular tests are carried out, must be the most 
accurately tested land lines in the empire, and the 
staff must be all that can be desired. Indeed, the 
author in his preface states that “There is a large 











staff of officers available with a first-rate general 
education, with a strong desire for improvement, 
and many of them are well trained in conducting 
physical experiments.” There must therefore be a 
vast improvement in the lines and staff since we 
commented on the subject some eleven years ago, 
and we congratulate the Indian Government accord- 


ingly. 


CANADIAN RAILWAYS.—No. XIII. 
WInpDsor AND ANNAPOLIS RAILWAY—(continued). 


From the earliest settlement of Canada, the 
French strengthened their alliance with the natives 
by constant and friendly intercourse, by an assimila- 
tion to their manners, ‘by their common religion, for 
the Indians were early and earnest converts to the 
Catholic faith, and by frequent intermarriages. 
During the 110 years that they held Nova Scotia, 
they gained so thoroughly the goodwill of the 
Indians, and inspired them with such an inveterate 
hatred of the English, that the British ever found 
them, in this country, implacable enemies. In the 
long struggle between the two powers on the conti- 
nent on five different occasions the English forces 
captured Port Royal,|the capital, and the district 
surrounding it, bat each time on the conclusion of 
peace the Court at Whitehall cared little for these 
barren conquests, and Nova Scotia was handed back 
to its original masters. Each time a large number 
of French soldiers and settlers were left in the 
country, who had been parolled on condition that 
they should not again take up arms against the 
British. The result was that these “French 
neutrals,” as they were called, most of them with 
Indian wives and half-breed children, soon formed 
a considerable colony amongst themselves, and were 
constantly being recruited by others in the same 
political condition. The position of these people 
was most peculiar; for more than a century they 
were constantly changing masters, and had no sooner 
acknowledged themselves the subjects of one crown, 
than they found themselves handed over to another. 
By the treaty of 1713 France lost for ever a colony 
that she had never appreciated, and for the last time 
the Acadians changed masters, but they privately 
informed Vaudrieul, the French commandant at 
Quebeo, that though compelled to submit‘ to the 
English, His Majesty the King of. France had no 
more loyal subjects. 

But they were excellent colonists, frugal, clever, 
and industrious; they held under cultivation the 
best land in the provinces, they were free from reat, 
taxes, and the vicissitudes that distracted other 
early settlers, and in thirty years after the peace 
they numbered 18,000 souls. Whilst prosperity, 
however, smiled on the happy Acadians, France in 
1744 again declared war against England, and the 
next year Louisbourg, her ¢ stronghold in Cape 
Breton, fortified at a cost of 30 million livres, fell 
before a combined attack of the Massachusetts army 
and the British fleet. The crisis was approaching, 
and both parties were strengthening their defences. 
On the 4th December, 1746, a detachment of 
was sent to the forts on Minas Basin, but as the 
season was too far advanced for navigating the 
inland waters, they were landed on the shores of 
the Bay of Fundy, and after a weary march of eight 
days reached the Acadian village of Grand 
Here they recruited themselves in an unguarded 
manner, with 50 leagues of a trackless forest, and a 
deep snow between them and danger. The French 

ison at Chiegnecto were however accurately in- 
formed of their position, and after a wonderful march 
at the most inclement season of the year, during a 
violent snow-storm, and at three o’clock in the morn- 
ing, they rushed upon the unsuspecting Englishmen, 
It was at first more a massacre than a battle, 
but after the senior officers and nearly ‘one-third 
of the private soldiers had been killed, Captain 
Morris succeeded in rallying his men, and made a 
gallant defence. compelled to surrender, 
they stipulated that they sh march to Annapolis 
with their arms in hand and their colours flying. 
This was the battle of Grand Pré, and it was the 
remains of those brave fellows, thas brutally 
murdered, that were disturbed in the excavation of 








early information 
the enemys with the presence in the colony of 
disaffected Acadians, and it was known that at the 
re age a3 sake the ps at 
nnapolis, 4000 of them were to take up arms, 
and pesos: Too the destruction of the British. Under 
these circumstances it was determined to confiscate 
their. property, break up their settlements, and 
— them amongst the other colonies from Maine 
to Virginia. The order was carried out with cruel 
haste. Summoned to collect at the church of Grand 
Pré and other centres on the 5th of September, 1755, 
they were kept prisoners till the 10th, and then 
shipped away. Of those resident on the Grand Pré 
1923 were thus , and from Windsor to 
Annapolis, at Argyle, and in Cumberland across the 
basin, the whole country was in a blaze with the 
burning of their houses and the destruction of their 
farm buildings. In the parish of Minas alone 255 
houses, 276. barns, 11 mills, and a church were 
burnt, and on the other side of the basin 253 houses 
were to be seen on fire at the same time. Some of 
the Acadians ran away into the woods and joined 
the Indians, others escaped in onejway or another, 
but 7000 were. actually expatriated, and of these 
probably one-half died from the effect of their hasty 
removal, and the hardships they were compelled to 
undergo. It was a cruel transaction, and with 
the knowledge we now possess of the result of the 
coming campaign it was unnecessary ; but with the 
uncertainty that then hung over the approaching 
death struggle between England and France fer the 
possession of America, there is much to palliate 
what seemed to those in authority a necessary pre- 
caution. 
Leaving Grand Pré, the scene of so many incidents, 
the train es ee of villages, all of them 
retty and many of them with public and private 
uildings mast tastily designed. Large quantities of 
lums and other fruit are grown in this neighbour- 
ood, and potatoes for the American market were 
at one time cultivated all h this dyked district 
to an enormous extent, but this has quite fallen off 
now, apple growing and cattle-raising being the 
principal sources of agricultural wealth. Very much 
of the success that has attended the former of 
these branches of their business is due to the efforts 
of a society called the Fruit Growers’ Association, 
whose head-quarters are at Wolfville, the next 
station to Grande Pré, and who have an exhibition 
building on the railway grounds there, where a series 
of meetings are held, each year more numerously 
attended, and which has by judicious gamer 
liberal prizes, lectures, and discussions, done an 
immense deal of good in disseminating a know- 
ledge of, and an interest in, a subject that a few 
i, since was an entirely neglected branch of hus- 
andry. 
At a 7 miles _ ago yoo the 
rinci ces and repairing shops of the railway, 
ad =v the works save ios concentrated. 
aye a warner the tide — woth go See 
e rich agrie pastures that have P 
over are succeeded by a sandy substratum, but never- 
theless reoomee’§ productive, as far as Berwick, 
ten miles from Kentville, where the road comes upon 
the Carriboo Bog, the summit of the line, and in 
which the Cornwallis river, up the valley of which 
we have passed, and the lis river, our com- 
panion forward, both have their origin. The bog 
itself isa bed of peat 7 miles long, although the 
railway crosses it in 3 miles, and the depth varies 
from 6 ft. to 20 ft. Sam Slick, the clockmaker, 
explains its position and ownership in this way, that 
in the ofiginal division of the ‘country, the Church 
Oartibos Bos’ haere tho devi are e 
was to the devil, and ‘‘ the 
do say,” adds Mr. shiek “that the ol retcnt 
was badly used in the transaction.” ‘The railway 


has, however, found a 1 over it, and 
beyond the annoyance Sits docntional 


i getting on 
fire in the summer from the opry Lesperm Soe 
‘trouble. About two miles of Berwick Station 
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handles and other metal work about the carriage . From these views it will be seen that the side | 10 tons of coal.. The principal dimensions are as 
which has to be touched ig nickel plated. end pillars for the consist of T-irons rivetted | follows : 

The underframe is entirely of iron, and between | to the soles and headst The ge peel on Frame: i‘ ie 
it and the body india-rubber cushion springs are|with a brake worked from a kind o "s box Total length over buffers... 4 
interposed. The vehicle is carried on six wheels, | mounted over one of the buffers as shown. It is over = ove 4 a 
the centres of which are carefully equilibrated, so | also fitted with spring buffers, the buffer spring at oe ey RE IE vy 
as to avoid the uisteadiness set up by wheels being | the centre of the wagon ing as a draw-sprin ee Se ane 0 98 
out of balance. The balancing of their wheels is ajalso. The capacity of the wagon is 432 cubic feet, Length of headstocks a: 8 08 

int to which the Paris, Lyons, and Mediterranean | and it is intended for carrying a maximum load of Wheel’base .. oe 8 10.38 


lway Company pay special attention, and we shall 
hereafter illustrate the arrangements they employ for 
this purpose. The wheels of the we are 
describing have wrought-iron spokes and cast-iron 
bosses and are fitted with iron tyres, the diameter 
over tread being 3ft.6}in. The axles are 4.33 in. 
in diameter at the centre and 4.92 in. at the wheel 
seats, while they have bearings 3.34 in. in diameter 
and 6.69 in. long. The weight of one axle with pair 
of wheels is 15 cwt. 1 qr. 16 Ib., and the maximum 
load on any one axle is 4.3 tons. The total wheel 
base of the vehicle is 13 ft. 5.4in. The chief di- 
mensions of the carriage of which we have been 


speaking are as follows: 


ft. in. 
Frames : 
Total length over buffers 28 7.7 
Length over tocks 2 «67.3 
Width between soles ... Mi ane 5 10.9 
Depth of soles and headstocks (channel 
section ) ots & on is 0 98 


Bearing Springs : 


Number of a springs at end 
« ong 10 


next water. . 
Number of plates of central springs 8 
0 springs at end 
next servants’ compartment 9 
cone of springs between end eyes ... 4 75 
Width of plates in eve inp 0 2.95 
Thickness of plates... ot na 0 0.39 
Deflection per ton for springs with ten 
plates ... we ‘ie on ‘ 0 22 
Deflection per ton for springs with 
ES ‘as cae ass ae 
Buffer Springs : 
Number of plates... 15 
Width a vp 0 2.95 
Thickness ,, 0 0.39 
Span of springs 5 8.75 
Deflection per ton 0 1.97 
Draw Spring: 
Number of plates 10 
Width ae ane aac 0 2.95 
Thickness ,, eco 0 0.47 
Span of springs ... 2 10.6 
Deflection per ton abe 0 0.39 
« ** 
imum sy of body 3 32 
e i os pam ane 9 23 
Clear height of body inside at centre... 7 39 


The first-class carriage exhibited by the same 
company was constructed by M. E. Chevalier, of 
Paris, and it is shown in outline by Figs. 3 and 4 
annexed. From these views it will be seen that the 
vehicle has two ordinary compartments and two 
coupés, one of these being fitted with fauteuils, 
which are convertible into beds, while the other is 
provided with a seat, which can be transformed into 
a single bed; under this seat, on one side, a water- 
closet is arranged. 


The frame is of the same construction as that ot’ 


the saloon carriage above spoken of, and the prin- 
cipal dimensions of the body are also the same, with 
the exception that the width and clear height at 
centre are somewhat less, these dimensions being in 
the case of the first-class carriage 8 ft. 9.1 in. and 
6 ft. 4.1 in. ively. The wheels and axles and 
the draw and buffer springs are also the same as in 
the saloon carriage, while the bearing springs only 
differ in the number of plates, the centre springs in 
the case of the first-class carriage having seven plates, 
while those next the coupé with single bed have 
eight plates, and those at the other end, nine 
plates. The deflection of these springs per ton is 
3.15 in., 2.75 in., and 2.46 in. per ton respectively. 

As will be seen from our sketches, the carriage 
of which we are speaking affords seats for twenty- 
three passengers. The floor area is 194 square feet, 
and the area passenger is thus 8.4 square feet, 
The weight of the vehicle empty is 10 tons 2 ewt. 
3 qrs., and the weight of vehicle per nger carried 
is thus 8.82 cwt. The maximum load on each axle 
with the carriage loaded is 3.94 tons. 

The third vehicle exhibited by the Paris, Lyons, 
and Mediterranean Company in the annexe by the 
Porte Rapp was a coal on made at the Usines de 
Commentry, at Fourchambault. It is a low-sided 
Pane mera with iron underframe, and also 
iron framing for the body, and its general design is 
shown by the outline views Figs. 5 and 6 on the next 
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important kinds, hickory, for example, cannot well 
be exported unless it is first pans and when 
seasoned is not suited for working in many cases. It 
is attacked by worms directly after it is cut down, is 
easily stained, and rots ina few months when stowed 
in the hold of a vessel with the.sap in its pores. 
A quantity sent out last year from New York to 
Sydney, New South Wales, although stowed with 
care, was found worthless when it reached there, and 
involved the loss not only of the price paid for the 
wood, but also the expense of carriage, which 
amounted to nearly as much. 

Hickory, as most of our.readers well know, is a 
strong tough wood of the walnut species, employed 
for. the handles of tools, wooden screws, the spokes 
and rims of carriage wheels, and for bent work of 
all. kinds. When p and seasoned, and made u 
into finished there is even then a great ris 
of destruction by worms, but this danger, so far as 
we know, does not apply to the United Kingdom, 
where the extreme humidity of the air seems to 
prevent their attack. 





In making hickory products, as we will call them 
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. See 8 2.4 COMPETITION. Euro manufacturers would at this time have 
Height of sides above floor ... but little hope of competing even if they had the 


ec 2 11.4 

The wagon is mounted on wrought-iron wheels 
of the Arbel make, fitted with steel tyres, the dia- 
meter on the tread being 3 ft. .6 in. The axles are 
4.33 in. in diameter at the centre and 4.65 in. at the 
wheel seat, while the journals are 3.34 in. in dia- 
meter by 6.69 in. long. The ve of an axle with 
a pair of wheels is 15.38 cwt., and the weight of the 

n empty 5 tons 17 cwt. 

e carriage for the Paris, Ly 
ranean Railway Company, which we 
as a! ering on one of the 

e of the Seine, by the makers, Messrs. 
Descouches, David, and Co., of Panton, is a six- 
wheeled first-class carriage with three compart- 
ments, each accommodating eight anda 
' coupé-lit with four seats, there t thus 28 places 
- in all. The carriage has an iron frame and is well 
made ; but there is nothing about it calling for 





(Continued from page 3.) 
Woop as A MATERIAL IN AMERICA. 

In considering American competition and predict- 
ing circumstances of the future, there are certain 
conditions amenable to and coming within rules 
which may enable us with considerable certainty 
to anticipate results. One. of these is that articles 
of manufacture made wholly or mainly of straight- 
grained hard wood, such as is plenty and cheap in 
America, are nearly sure to be p there in 
future. 

Considering the quantity and extremely diversified 
character of the woods found in nearly all parts of the 
United States, and its price, nothing but a superior 
skill in working or preparing wooden articles can 
enable Euro) manufacturers to compete in 
markets accessible to both countries. ' 

Such skill no E can 





same wood as plentiful here as it is in America, 
and hence the best plan is no doubt to encourage 
the importation of hickory goods, trusting to a cor- 
responding advantage in something in some other 


The manufacture of hicko being in many 
wil Sovote 


a peculiar one, we wi some space in 
pam. woah of the machines and processes, which 
ill no doubt interest the readers of ENGINEERING. 

Beginning with what is called handle-making, shafts 
for axes, picks, hammers, and so on, this branch 
is most extensively carried on in the western 
country, in the State of Ohio for example, along the 
Lake border, where there are factories which 
do but little else than ge oval handles, or those 
of elliptical section. It must be explained that the 
difference between pieces turned with an elliptical 
section and those of a cylindrical form, while it does 
not seem much in so far as the finished handles, 
nevertheless requires a wholly different kind of 
plant, and is in most respects a separate branch 
of manufacture. 

Cylindrical work is turned and prepared, finished 

y for use in a common lathe, while 


elliptical pieces, such as axe, hammer, pick, or sledge 
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handles are turned on machines, scarcely to be 
called lathes, and afterwards finished —— 
operations having nothing to do with or 
turning. a 

Taking one ee Sandusky, a city in Ohio, 
and on the bank of Lake Erie, as an exam le, we 
will follow th some of the processes of ellip- 
tical bandle- ing. 

The hickory wood used there is procured partly 
from Ohio and partly from Canada on the opposite 
side of Lake Erie, and is transported to the works 
in round logs, from 4 ft. to 12 ft. long, and from 
6in. to 18 in. in diameter; nothing except the butts 
of the trees being used. The wood is wonderfully 
diversified as to strength and value, even when pro- 
cured as it must be from selected trees, some of it 
being of a toughness and strength equal to whale- 
bone, and other parts not stronger than ash-wood. 

The first operation is to cross-cut the logs into 
short lengths suitable for one long handle or two 
short ones, usually about three feet; pick, sledge, 
and axe handles require 3 ft. or more, while er 
and hatchet handles are halfaslong. ‘These balks or 
logs are then sawed into * flitches” or planks on a 
peculiar kind of saw bench for which we have no 
parallel in European woodworking. The timber is 
moved by hand on a carriage which is nothing more 
then a board or plank running on rollers, and em- 
ployed, not’ to guide the lumber so much as to 
avoid friction, The pieces are -sawn out radial 
from the centre as nearly as possible, so that the 
growths or laminations will be transverse to the 
irregularities or curves of the finished handles, or to 
speak of the handle as it will be in use so that the 
growths will be across the line of strain. The saw 
benches referred to, except the spindle and its 
bearings, are of wood, and are made at an expense 
not exceeding 20/. One man can saw from 500 to 
800 cubic feet of timber into planks or flitches in 
ten hours. We mention one man, because for 
similar work in most European countries three or 
more men would be required, the work being both 
dangerous and laborious. 

The planks are next blocked out on smaller saw 
benches and the pieces then taken to the lathes as 
they arecalled. ‘These lathes are peculiar machines ; 
like the saw benches they are mainly of wood. 
The blanks, cr pieces to be turned, are placed 
between points and rotate slowly in contact with 
stiff circular saws which cut away the wood in a 
spiral course like a planing block, and leave a 
true but rough outline for the finished handles. 
From 300 to 500 pieces can be turned in ten hours 
on each lathe, and as one lad can attend two machines 
the expense of turning is not much. 

These lathes will turn the most complicated forms, 
such as shoe-lasts, hobby-horses, or American axe 
handles, which are among the most difficult articles 
to turn by machinery. ‘The original cost of such 
a machine is not more than 30/., most of the parts 
being made at the works, and the functions we will 
venture to say, far exceed what can be performed 
on what is called a ‘‘copying machine,” costing 
from 150/. to 200/. After turning, the handles are 
** sand-belted” or “ ground” as it is called, and cer- 
tainly grinding well describes the process, because 
the wood is torn away and ground off at a rate 
which is astonishing, and we may remark that in this 
latter process consists the main difference between 
handle manufacture in America and Europe. Here 
we spend money in elaborate machines, and consume 
a great deal of time in trying to turn handles smooth. 
The Americans care nothing about turning smooth, 
the object is to get a true outline, and turn as many 
pieces as possible, depending on the sand belts for 
finishing. After rough grinding the handles on 
coarse sand belts, they are dried in kilns and again 
sand-polished on finer belts, and some times finished 
in the same manner on belts coated with wax. 

What we particularly want to call attention to is 
not, however, the machines and peculiar p 
so much as the economical manner in which this 
handle manufacture is conducted, for, aside from the 
wood, there is a vast difference from methods 
common in this country. The factory we have been 
speaking of is equipped for twenty lathes, and re- 
quires perhaps sixty men and boys to conduct it, 
yet the whole-investment in buildings, machines, 
shafting, steam’ power, and drying rooms, will not 
exceed 100/. for each workman. The maintenance 
of machinery is nearly nothing, being done for the 
most part by the workmen in the place. Oil, 


belting, saws, and tools, with supplies of all kinds, | f 


are used carefully and economi , and in this case, 
as well as in other bandle factories of the kind, we 





also, depend w the rapidity of 
width at the oaths are & of 
toughness, not only of hickory, but of most kinds 
of American woods, Some of our text-books which 
lay down arule as to the strength of wood depending 
on the slowness of growth, need revision for use in 
America, where a rule exactly the opposite would be 
much nearer the truth, White beech, for example, 
is heavy and dense directly as the =< to 
growth, and the best planes made from this wood 
have only from six to ten growths in a depth of 3 in, 

In respect to other branches of hickory manufac- 
ture there seems but little hope of introducing any of 
them in Europe. Bent work of all kinds is made 
on cheap plant and by processes which it will be diffi- 
cult to improve or even to imitate. 


(To be continued). 





HISTORY OF THE SCREW PROPELLER. 
To THE EprToR oF ENGINEERING. _ 

Srr,—In EnGInzertne of January 3rd, I notice “A 
Contribution to the Hi of the Screw Propeller,” which 
recalled to me some reminiscences of my school days. 

In the year 1822 I was at Poplar Academy, and one 
half-holiday stole out with a schoolmate for a bathe. 
Our bath was in what was called ‘ Pitcher’s dry dock” at 
Blackwall, but which then had from 6 ft. to 10 ft. of water 


in it. 

In the dock there was a ship’s boat fitted with a screw, 
very roughly made, upon a spar and projecting through 
the stern, as shown in tracing enclosed. 
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I have occasionally mentioned this matter when talking 
of screws, but never before attempted to pnt it on paper. 
Possibly such a trifle; may not be worth notice, but, per- 
haps, some one, not known at present, ought to have credit 
for the idea put forth. 

I am, Sir, yours truly, 


AmMEs HUNTER, 
Bow, London, E., January 9, 1879. 





THE EXPLOSION ON THE THUNDERER. 
To THE EpITor or ENGINEERING. 

Srr,—I venture, as one who has devoted his Jife to the 
service of the public in many ways, to make an appeal to 
you, and through you to all other scientific journals and to 
all men of science, to make of this disaster such a turning 
point in naval and military matters as shall not only pre- 
vent for ever the recurrence of any such preventible 
accident, but shall also remodel the system on which the 
manufacturing departments of the War Office and Ad- 
miralty are conducted. 

That system was good enough in the days when Tra- 
falgar and Waterloo were fought, for there was scarcely 
any science employed in those battles—I mean in the 
actual fighting and apart from the science of shipbuilding. 
But now the case is totally different. And not only is 
fighting becoming yearly more and more scientific both at 
sea and on land, bat it is our direct and paramount in- 
terest as a nation that it should be so. Weare the richest 
nation in the world, and on the whole probably the most 
scientific. But we are not the most numerous, and our 
numerical inferiority is still further increased by our 
rooted national hatred to conscription. 

Yet our commerce and our colonies are scattered all 
over the world, and we have need of greater 


defences than any other nation. These can be su; by 
the com ing forces of wealth and science if we 
to use them. But we do just the reverse.. We neglect 


them. we ought constantl 
utmost to make fighting more an 
more costly, especially at sea. 
“is Se eee is there at either the War Office 
iralty to foster and develop naval and 
science? None whatever. What is there to examine 
and judge of new inventions? departmental com- 


mi! ‘ 
Instead of this, Sir, there ought to be a 
commissi ion of the most eminent meu pine scary sete 74 


to be doing our 
more scientific 





ified groove with its counterpart in the 
mm As this is a subject of vital national importance, may 
ask the favour of its insertion in your next issue. 
Iam, Sir, yours truly, 
W. Ricmanneos. 
Meadow Foundry, Mansfield. 





SHIPBUILDING ON THE RIVER WEAR. 
e wer THE EDITOR = + ory Pa 
TR,—We beg respectful error i 
article on ‘‘ Clyde Ship i Fn 1878,” in our tees 


number. 
Referring to the Reina Mercedes, eae Messrs. 
MeMillan and Son for a Bilbao firm, you that the 


same Bilbao firm have seven other steamers “‘ all built on the 
Tyne.” Now these seven boats were built on the Wear, not 


on the Tyne. 
We take this to say that we have often 
ceding chyba the eee mat on but ha 
ship ‘ees ve 
seldom or never seen he Wear referred to. ‘As the Wear 
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of the top of the’ leg. It was also more | while if the spring was not excessive, and the hangers had | a description of the for i 
| large side surtaces of the top of tbe'leg moans of edjusiment, they wold simply adjeat them, Tn Hoses, Ohaix and Co.'s typographical sched!” Hae tks 
event, boxes their a valuable education in 
position without taking either the Son (eal Sticke ts fade cocnpation ts take Mies hae 
} their boxes or the boxes from the hangers. Our editor | that received in a workshop in that it is and 
L museth thusly: ‘‘ We know that it is easier to movea| not incidental. This technical school special 
; hanger than to line up a box. We know that liners are pesca wings } papas Sor ionpasse- ape inciples. The 
; always put in without taking the shafting down. We | apprentices, while engaged during of the day in the 
: know that ninety-nine boxes in a hundred have slotted holes cael dies ont, settee Gehaied chant & ae 
me span te ae enable oe re ane Seraees, ene Gay wane exported ta sient the dnaaes fer 
: that impudence to settle building ‘our . being divided i 
’ to be took down (a peg at least)? Shall be set | paratory, ary. 
; back? No, siree. Lamers is cheap, work is scarce. Any | tory i i 
z how, hangers shan’t be set back.” 
y In another reply a week or two back @ 
n was told to temper a twist drill toa purr Our 
8 editor again museth : “‘ We take cuts » no dilly- 
i , if tempered steel chooses to become and 
t oa abe the various shades of orange red brown red 
i pataning Oe SF naeo ay gene yr ste 
foolishness as much, we skips ’em umps 
the right down on the blue and makes our own 
whether the steel likes it or not. If it don’t come 
so much the worse for the steel, for our instructions 
shall stand. ba vga kg ae ge We claim the sole 
and exclusive right not to go back, pistons, , tem- i 
pering colours, and common sense, - We | as any one could see at present, the failure in our industries 
if are taking out too, lots of *em, dum "em | was not, he thought, to any deficiency in the train- 
7 into the Patent day, drawn up, just as full of | ing of our workmen. , however, the workmen 
& mechanical knowledge able Gastieli <n ene ameoen acquired proficiency, it was yet a matter to be settled 
2, ‘ to correspondents. 78), whether technical schools would not make them better. 
h 3 ** We're chemists and physicians, too; the savars of 
> i se ne ees pag emo Ber acaba an ; i , 
u one their thumbs over their left shoulders, and with | principle that heat and work were convertible, and Dinant’s 
fl § their left eyes shut. We know how to physic the gudgeons. | system of locking miners’ safety lamps by soldering. A 
if ‘ Read, learn, and inwardly digest.’ ; i ion followed, and the usual vote of thanks was 
te a ss ee ** Mr. Joseph W. Hepa’ of agg app ‘ 
d mted an effective catarrh remedy, w ; , , , 
r] either in the form of small cakes by # , or in the ernngpeyers Eta oe pl vio tin | ne gS 
ot form of medicated fumes by smoking it like tobacco in a WW! Dy teots Monntetl bee ook bene eke public 
ne j pipe oF cigarette, and inhaling, swallowing, or blowing | notice of late ; but I understand that it bas been subjected 
De F out smoke t nostrils, or as the state : 
the smoke through the th 
a U. . location of the disease may ire.’” Sig ——es nore Messrs. Neilson and 
+. Ve satin 7 It’s effective you see, and the catarrh question is eternally | >>,’ rs aos if not wr a ute ie » thencegh 
ra ndlo- nove ar oe Ox! O!! On!!! pene is intended to use it asthe motor on a new ee 
ees g P : #§ os way line which is abou constructed in one of the 
PPh gad sy tag bog wos og “7 ay born iq New York, December, 1878. south-western suburbs of Glasgow. Mr. Reid; the present 
has for » much longer time been wipl on belie fastraments. at oll toe Tighe Tee eee oe aes Seeeenee im the 
I send you drawings of such a tripod, whieh was manu- NOTES FROM THE NORTH. geen: ire Ppt Lich gn purposes. 
ae by Mr. —e Me , of Neponset, bag we The Giascow, Wednesday. oe ilding a ? a “or (he te, hae nagar 
ing surfaces makes i very slidl, fie woay ta taleat Girne Pig-Sion Market.—The pig-ince psuth pate Gf Bootland show ‘that there were thirty 
seply turning the auts; the parts oowe immodintaly to 2 | ae Seu makings fall of Sh ores te nook, Beek Sanh Uh cacleas peck in Aisoteomns 
srObee ‘beariey without ‘over rondies the tances ot | #2: Ber ton, making a fall of 5d. over the week. Busi-| Time t,o troray Birth, of an mepresate toutes of 10,109 
Lc een pe we insertion of | ness was done in the morning at from 42s. 84d. to 42s. 8d., ee et one eee Eee & 10, 

» it is very light, to handle and | and at the close there were sellers at 42s. 9d. and buyers at | ‘0 while are at present on hand fourteen vessels of 
carry, sad leet, itis plecsing to eaee Fig. 3 is © cross-| 495. 7d. In the afternoon quotations ranged about an aggregate of 6546 tons. These figures are considerably 
section on a b when the tripod is mie 42s. 8d. cash, and the market with sellers at that lower than those for the preceding year, when twenty-two 

yf At present this kind of is mostly in New figure, and buyers at 42s. 7d. The market was quict at vessels of 11,901 tons register were launched and twenty- 
: yprnnely ge a Fie ; at 425. 64d. to 42s. 4td. cash, and 2s, 5d. three woeks 
« instrumente if it choald Sypear thas Waele enat fixed, the forenoon market closing with sellers at 42s. 54d., NOTES FROM SOUTH YORKSHIRE 
he : ; appear English engineers are | and ers at 42s. 44d. cash. re was a rather firm ; 
us sufficiently interested. * : HEFFIELD, Wednesday. 
no ~d market in the afternoon. The quotations were at first New Sea Defences at Bridlin —The local authoritie 
— . on W. Dzaw. — ee Aa ly A open a dds nots ee psd ; —_ at Bridlington have determined to ‘erect new sea po mpg 
Cambridge, Mass., U.S.A., December 20, 1878. at the close there were sellers over at the latter figure. os Bag erp pews ness o tab eal 
The warrant market was much depressed at the opening on well, of Hull, have been adopted, and ‘hehGem has ee 
JOURNALISTIC | MECHANICAL GENIUSES. ten sth weet rah ahUnnie ai” me ton aoe evened the premio for the bass plans. Tide work will 
xm r ; touched since the crisis in June, 1852, and ta ie : soon a view=-beald ee 
We hives ee sadae * at ‘need Ss i, | iron was sold at 1d. less than the lowest, and 3s. under the | stteactions of this cits MG Te oest oth be 
comic representation on the minstrel stage to | Rshest quotation since the failure of the City of Glasgow | betwaep 5000/. and 70001. 
; ai beginning ctober. Iron changed : : < 
ihe newts £0 coe eaten. Wee coke patiness we read its | hands in the morning at from 42s. 5d. to 42s. 4d. cash, and| ‘The New Harbour at Filey.—Vigorous efforts are being 
he anewers thom im a manner Shad le. of co 3 | at 42s. 64d. to 42s. 54d. one month, closing sellers at 42s. 4d. | made for the raising of funds to constract harbours of 
and lies ‘dndeed the seule dhe rh oa cash, and buyers offering 1d. per ton less. In the after- | refuge on the east coast, notably one at Filey, where fish- 
the queries, How in the name of Heaven did he it all | 200 Prices receded further—to 42s. 3d. and 42s. 2d. cash, ing craft and colliers particularly may run in on the ap- 
- out? Li 9, Question 86: “ Which is the | 224 closed with sellers at the former and buyers at the latter of tempestuous weather. At the present time they 
om best to ScREW crank-pins into the crank, by ri is ine | price. Yesterday's warrant market opened dull, buts better | have no such port for a 100 miles or more. A united 
ornate?” Answer: * Nets »y, iy sd tone prevailed towards the close, and an advance of 1d. | action is happily being taken in the matter, shipowners, 
se intiel. danas qoonk-pine ean Us dapenad in by 7 .©X- | per ton was obtained. Business was done in the morning | agents, and mercantile men in all branches of trade sup- 
Py appeal plieremagr tray pn rivetting: | st from 42s. 2d. to 42s. 2d. cash, closing with buyers at | porting the project. An important meeting on the sub- 
nest October 26, Question 81: ‘A> Reader’ asks, 1. What| t® latter In the afternoon from 42s.. 2d. to | ject willshortly be held in Hull. 
wes is meant steam being cut off at the stroke of a steam 428. cash and 42s. 3d. one month were paid, andthe} feeds New Station Extensions.—Major-General Hut- 
os engine? or instance, ‘assuming the stroke to ® steam closed with sellers at 42s. 4d. cash 42s. 5d. one | chinson, r of railways, has beem making thorough 
the engine to be 4 ft. cut off at one-half of the stroke, how and buyers offering 1d. per ton less, There was a | j i the new works and si arrangements, and 
many feet will the piston be driven by only market this forenoon, and was at tooling the bridges at the Leeds new station. There is 
diy during the completion of one revolution the engine? 42s. 4d. to 42s, 5d. one month, and at 42s. 3d. and at | reason to believe the ins was satisfied with the work. 
for Answer, 2 ft.” * Two feet” is good. You are‘not to the close there were buyers at 42s. 43d. one month and The greater portion of t new works are now in operation, 
that as the stroke is 4 ft., and thelive ditek ts ons ot 42s. 3d. cash, sellers asking about 1d. per ton higher. No | the only thing not yet finished being the crossing to the new 
' | or fomend the steam acts expansively 2 ft. of each change of any material importance was ‘in the} line platform and the subway to the excursion platform. 
: stroke or 4 ft. in a ae poate ayy EE stroke (in 7s nasa oe eee — aoe These works, however, are being rapidly proceeded with. 
by a bey fegmrt rage ore de erp odd watt ieende of” dinbees oa Pisin agh on| Mexborough and its Water aeepig— A new water com- 
back anyway, so > gga —_ abi g much easier terms than those asked a week or ten days ago. | P&BY is projected for 3 a _ th exborough, and with 
p nth pie and can’t sod tereate We'll see A considerable —T Pig iron was sent into the a maeange ay the d “7 poem nec yt Daag 
eid them to the demnition bow. Go ba public warrant stores last week, the stock with Messrs. | ®°heme. However, in the draught provisional order the 
not if the editor knows host en ahs eek: indeed! | Connal and Co. up till Friday night being 201,746 tons, | water to be supplied is described “as pure as circum- 
om i Gdeh eee a ihe does. | showing an increase for the week of 1829 tons. ‘The three | Stanoes. will admit.” This is now considered a “very 
dge (16) * R. + MY writes: A . : vague and unsatisfactory definition,’ and the water com- 
cbatt cote tone 40%. of is Sin; in. remaining blast furnaces at Dalmellington Iron Works} : : Sid 
0 is 3 is Sin. diameter, and has been asked to insert this clanse in its place, 
the 20 ft. ies: fn have now been temporarily blown out, and the number at | PF - 
dis- poedrseepee gs line only 2} in. has been present blowing is reduced to 89, as com: with §6| 126 water supplied by the undertakers shall be pure 
by py oe ell Marrone cations af Se “SMS T ah the cafe time last ake. Last weir. shee ind wholesome, as provided by the Public Health Act, 
have the Bones lined up A. "ie fs quits poole Hiss |% Paton from all Scotch port amounted to Gis tang | HZ, and in he ove of th, marly mang fo be par and 
in. of spring is not excessive.” g [2 seninss C085 tons in the epeemponding week of TM"! teercise the power given by the Sind section of the said 
2 7 vr ___-| Act.”’ The company is also asked to insert a clause giving 
ipod a the Local Board power upon a six months’ notice to take 
: sot waa read | outlay, such outlay not to inclnde any’ costs of Paslio- 
‘ outlay, such ow’ any o! 
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ENGINEERING. 
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THE RAPIEFF ELECTRIC LIGHT. 
(For Description, see Page 55.) 
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COMPOUND BEAM ENGINE. 
Wes illustrate to-day, on the opposite , the beam 
engine fitted with Correy’s ex on gear which was ex- 
hibited at Paris by Messrs, Thomas and T. Powell, of 
Rouen. We have already described and illustrated in 
detail the Correy gear,* and we have also so recently 
published Mr. Powell’s paper on the same subject, read 
at the meeting at the Institution of Mechanical 
at Paris,¢ that it will be unnecessary for us to do 
more than indicate the general nature of its construction. 
The engine exhibited is a compound, with cylinders 
placed side by side in the usual way. The valve of 
each is at its upper end (the lower ports being, there- 
fore, very long), and their spindles are connected by 
a crosshead and driven together by a triangular cam 
u a weigh-shaft lying below the flooring. Cut- 
off valves are fitted to the small cylinder only, a of 
plain plates being used, worked by separate 
moving on the back of the main slide, which is thro 
ted. To the lower end of each cut-off valve e 
attached a bored socket, into which passes from below 
a round rod driven by a small eccentric on a second 
weigh-shaft, the connexion between the rod and the 
socket being made and unmade by a kind of gear 
controlled by the governor. The ex 





| ® See ENornzxRina, vol. xx., p- 354, 








p fete? Bxanomarxe, vol xxyv., p. 504, and vol, xxvi., 
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struction being that the line of between cam 
and pawl always passes through the axis of the former, 
and there is thus no tendency to displace it. The work to 
be done by the governor is in this way almost nothing, 
being confined entirely to moving the cam and the light 
linkwork gear which works it ; the actual disengagement 
throws no work on the governor, but is done by entirely 
ee means, as pointed out above. Any too 
quick motion of the governor, consequent on its having 
such an exceedingly small resistance to overcome, is 
prevented by the use of the oil cataract, shown in the 
ey apd between the air pump and the centre column. 
t is unneces to say more about the details of 
Messrs. Powell’s engine, which are sufficiently clearly 
shown in our engraving. The type is one greatly in 
favour with many French manufacturers, so much so, 
that me naar the Messrs. der have found it im- 
possible to introduce direct-ac engines, and have 
therefore wisely contented themselves with perfecting the 
older form of machine, The trials described in Mr. 
Thomas Powell’s paper above referred to,* certainly show 
most satisfactory progress in this direction. One 
indicating 188 horse power, used 15.48 lb. of water per 
indicated horse power in the cylinder and 1.47 in the 
jacket and pipes, a total of only 16.91 Ib., and another (a 
pair) indicating 855 horse power used only 14,43 lb, 
of water per indicated horse power in the cylinder, the 
jacket consumption not being measured. - 
cy get ts were also obtained from an old engine 
to w the Corre: gp omega, sand ay construc- 
ao beeg ame thet allows of tation to existing 
engines with very little trouble. The engine we illus- 
trate is a capital example of its type, its workmanship 


sound and and representing fairly the 
Gals cand ood by to seboee 


Coan mw Prussra—The “of coal in Prussia 
eapennl td tobe ee nadee ele eee i 1877, the corre- 


sponding production declined to 38,670,006 tons. 
page 36 of our ¥ j 

















THE MAUSER REVOLVER. 
Messrs. Mauser Broruers, of Oberndorf—whose 


name has now b fi in ion with the 
improvement of small arms—have just scored another 
important success for their labours in this direction, Ac- 
cording to the Deutsche Heeres-Zeitung, the firm in 
question has recently brought out a revolver of quite a 
novel construction, which, it is affirmed, does away with 
the many defects inherent in all forms of revolver, 
and which, our military contemporary thinks, has a great 
future in the prospective armament of modern armies. 
The German journal we have named being generally 
considered a great authority on all matters military, we 
take from its pages such mechanical details as we think 
of interest to our readers. 

The arm constructed by Mauser Brothers is not 
only a more perfect weapon taken as a whole, it differs 
also in its details from the revolvers at present in use, 
As one of the most essential and most important improve- 
ments, it may be mentioned that it contains a novel me- 
chanism for revolving the cylinder. The revolving 
motion does not, as in American revolvers, catch in the 
face of the cylinder, but at its periphery. g 
with the cog-wheel or face-wheel and the removal of the 
point of attack for revolving, as well as by the sloping 
sides of the cylinder, great simplicity and durability of 
construction been effected. At the same time, also, 
the lever has been considerably lengthened, the cartridge 
bed revolves more easily, and the cocking has been 
facilitated. In consequence of all this arrangement— 
and which will seohably form one of the principal re- 
commendations of the new weapon—a safeguard against 
obstruction by slime, rust, or sand is provided. Any one 
at all acquainted with the mechanism of small arms, will 
see at once that by introducing awd copies tates 
and making these improvements, the weakest 
deunpactt ed carats has been remedied, and a dis- 
disposed of which made itself constantly felt 
during continuous use of and in carrying the revolver in 
the field, and often rendered it useless, By removing 
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the cog-wheel it has been possible to make the 
parts intended for ejecting empty cartridge cases and 
holding the cylinder fixed in its place both simple 
and durable, and of smaller proportions than could 
be done with the old constructions. Another advantage 
is added, viz., that an opening in the butt-plate as a pas- 
sage for the lever ram-rod has been avoided. This point 
is of extreme importance, for not only is such an opening 
a serious obstacle to an efficient and durable bed for 
the axle of the cylinder, it forms also a channel along 
which the gases escaping towards the butt-plate may 
enter into the interior of the chamber, and consequently 
into parts of the lock itself. The presence of the gases in 
the lock is not only disturbing, it involves also a repeated 
taking out and cleaning of the parts after, sometimes, 
only a few shots, if they are to be preserved and to act 
properly. In the Mauser revolver this, is stated not 
to be necessary. By doing away with the opening 
in the butt-plate, a penetration of gases into the parts 
of the lock is absolutely impossible, the whole lock 
being guarded in such a manner against all clogging by 
dirt, as to dispense with cleaning it, taking it to pieces, 
&c., almost entirely, or at least during a campaign. The 
parts of the lock are few in number, and these are of a very 
simple and durable construction. 

The handling of the weapon is very easy and simple. 
In order to load it, or to withdraw the charges respec- 
tively, the catch on the left side of the barrel, provided 
with a ribbed surface, is pushed up. By thig shifting 
the catch enters one of the slits cut into the projecting 
ledge of the cylinder, and prevents all movement of the 
cylinder ;- this shifting of the catch at the same time 
causes the axle of the latter to leave the semicircular 
notch in the ratchet-wheel of the lever, and permits of a 
free movement of thesame. The lever is seized with the 
index finger and thumb of the left hand at the ring in 
front of the trigger-guard, and dragged forward, by 
which it is separated from the chamber, the barrel laid 
back, and the posterior surface of the cylinder placed in 
a horizontal position, convenient for loading. After the 
cylinder has been filled with cartridges, chamber and 
barrel are joined again by means of the lever ; the catch 
is pushed back, by which it leaves the tumbler in the 
cylinder, at the same time that its axle enters again the 
notch in the ratchet-wheel of the lever, and thus fixing 
the lever in its bed over the chamber, and insuring a free 
movement of the cylinder. The weapon is then ready 
for firing. 

When all six barrels have been discharged, in reloading 
the same process is repeated. In order, however, to 
throw out, in opening, the six empty cartridge cases, the 
movement of the lever to forward must be done with a 
jerk, by which the ejector is quickly raised and the 
empty cartridges thrown out. In the case of only a few 
of the six ball cartridges having been used, and the empty 
cases are to be replaced by ball cartridges, it is only 
necessary to lift the ejector more gently, in order to take 
away each empty case separately and replace it by a ball 
cartridge, so that in a few moments the revolver is again 
fully loaded. 

In order to clean barrel and cylinder after firing, and to 
separate these two parts, the arm is opened, i.¢., the lever 
is detached and the-handle laid back. The barrel is held 
with the right hand in a vertical position, the muzzle 
pointing downwards, so that the posterior face of the 
cylinder lies upwards. The lever hook, lying in thelower 
barrel rail, is pressed down by the thumb of the left hand 
or by a screw-driver ; at the same time the posterior, 
conical end of the cylinder bolt projecting over the cy- 
linder surface is held lightly with the index finger of the 
right hand, in order to prevent, in loosening the lever- 
hook, the bolt being thrown out through the action of 
the spiral spring in the bore of the ejector, which must 
be done by hand. The lever is then pressed against the 
barrel ; this operation causes the ejector to rise, which is 
then also removed by hand. The cylinder lies now 
loosely upon the posterior end of the barrel, and may be 
removed as easily by hand as the holt and ejector, by 
lifting it over the bow. These manipulations are very 
easily and quickly effected ; each to be cleaned, 
barrel and cylinder, is separate, and may be cleaned on 
all sides, After cleaning, the various parts are inserted 
again, only in inverse order, and the weapon is closed. 

The removal of the parts of the lock, as already 
stated, will be required only in exceptional cases. But 
should it become necessary, the first operation, after 
separating barrel and chamber, effected with an instru- 
ment expressly constructed for the p se, is to press 
down the bush in the longitudinal bore of the chamber and 
joined to the spiral spring, until the hooks of the trigger- 
guard and bush project separately. this manner 
guard and bush are separated, and as the spring possesses 
the tendency of expanding, it comes by itself, along with 
the bush, out of the bore of the chamber, so that the 
same, as well as the guard, may be taken off. 

There remain in the chamber only tumbler-axle and 


cock, The latter, after the screw passing through the is 


two sides of the chamber, and serving as axis for 
the cock, has been loosened, may be removed from the 
chamber. In order to remove the tumbler-axle it is 
shifted out of its position by pressing down and back, as 
far as the longitudinal bore of the chamber, the fence 
projecting over the surface of the chamber, when it will 





replaced, with the tumbler-axle, and then the 
screw for the cock put in. The spring is next pushed 
into the bore of the chamber over the anterior cylindrical 
of the tumbler-axle, the trigger-guard hung with its 
inder hook in the chamber, the spring with 
pressed together by means of the tool above mentioned, 
at the same time that the is held 
the chamber in such a manner that, when the two 
on the guard and bush stand behind one another, by re- 
lieving the pressure on the spring they catch into each 
other, and thus become geared together. The barrel 
and chamber are then joined by means of the ejector 


ready for use. 

The whole handling of the arm is extremely 
and convenient, and the soldier in the field will but 
seldom be at a loss for the assistance of the gunsmith in 
putting his weapon in order. The results obtained with 
this revolver are described as eminently satisfactory, 
and extremely favourable as regards firing distance, ac- 
curacy in firing, and power of penetration, The Deutsche 
Heeres-Zeitung, in thus drawing attention to the new 
arm, pronounces the opinion that the Mauser revolver 
is the best weapon of this description of firearms, and es- 
pecially adapted for the use of officers, horsemen, and 
sailors. The German Government intends arming some 
portions of its army with the new revolver, and extensive 
experiments are spoken of, 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLEesBRouGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
smaller attendance than usual on ’Change at Middles- 
brough, and business was Oe ae than ever. It 
is long since we reported the fact that experienced pare 
in the iron trade were of opinion that before the c of 
1878 the prices of pig would fall to 34s. per ton No. 3. 
The oy of these men has evidently been sound, for 
although No. 3 was not 
of last year, it is now offered at that price. Indeed there 
are brokers who will sell this quality as low as 33s. 9d. per 
ton. Everybody takes a gloomy view of trade, and 
on all sides ask what is to become of if 
mand for iron does not improve. It is certain that if there 
is not a change soon some of the blast furnaces will have 
to be blown out. Messrs. and Co., the warrant 
store keepers, report that their stock is 69,100 tons. At 
Glasgow they have 202,499 tons. Their pee @ 
f.o.b. warrants are nominally quoted 35s. per ton net fe 

The Finished Iron Trade.—There is no improvement in 
the finished trade, although in the Middlesbrough distri 
there is (this week a little more activity. The dis- 

ute at the Eston Steel a ee 


lever and shifting the catch, and the weapon is again} 


— 34s. per ton before the close | jg: 
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of their mills at their Tees-side iron works, and 
Messrs. Fox, Head, and Co., who are irregularly 
for want of specifications, have their in opera- 
tion. This resumption of work has afforded employment 
to a considerable number of men, and has relieved 
wide-spread distress in iron town. 

The Ironworkers and their Wages.—The award of Mr. 
Shaw-Lefevre, M.P., which has been i i 
before him, he says: “‘ Having, therefore, fully considered 
all the facts which have been submitted to me, bearing upon 
the present state of the mannf: iron trade and its 
immediate prospects, and having considered also the recent 
reduction made in the wages of ironworkers in Stafford- 
shire, which in my opinion has brought the wages in that 
district to a lower point than the present w in the 
North of England, I have reluctantly come to conclu- 
sion that it is my duty to award, and I do thereby award : 
That a reduction take place of 6d. Leathe) ve 
ot ee te the Boeed deatied coos ae at 

wor e Board wages changes. That 
such reduction shall date from the 2nd of Decem! ; 
that it shall continue for two months from 


F 


e 
making this award I must my regret 
of the wrought-iron pues By on i 
wages to a point lower than they 
past, and my earnest hope that 
profits in the trade may at no distant 
enable a return to wages.” We 
trade is in such an 


that the masters feel t 

state that unless there is some im: soon, notice of 
another reduction will be given in February. 

The Coal and Coke Trades.—The coal and coke trades 
continue flat, and prices are low. 
Engineering and Shi: ing.—In i there 
ing calling for epee ta sbitbuilders do 
find orders at all easy to get hold of. the Wear 
men have accepted a reduction of the 
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some important practical lessons from propeller ught to light. 
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Could such results as this have been deduced | oth 















NOTICE TO AMERICAN SUBSCRIBERS. 
We beg to announce that we have appointed Mr. Lenox 
Smith, 239, Broadway, New York, the agent for Enai- 
NEERING in the United States, and all a for the 






blades might be neglected. This assumption is now | often that the Council of this 















2 : pellers, 
could and can be obtained only by experiment. | sions deduced as to the effect on the 


Naval Architects last year did good service in re- deal of data of this kind has already been publis 

calling people’s mind to this important fact. By | for war ships, but there must be vast stores of data 

bringing the edge resistance of the propeller blades| yet unpublished in the mercantile marine on the 

under quantitative analysis he was able to deduce point, and we trust that much of this will be 
ro 


investigations—an extremely rare achievement, if} It must be evident that a paper limited in length 
not the first of the kind recorded. We have pre-|to about twenty minutes reading, which is the 
viously shown how those experiments affected the|time allowed at the Naval Architects’ meetings, 
later performances of Her Majesty’s despatch vessel | cannot go at all fully over all three of the fields of 
Tris, and led to an increase of two knots in her| inquiry we have been indicating, and for this reason 

nett will probably incline to one direction or the 
er of those we have pointed out. This would cer- 
by abstract reasoning aldne we should have better| tainly be best for the public if not for the com- 
hopes of success arising from the competitive|petitors, but then it is obvious there might be 
papers that are promised us; but it required the | great difficulty in deciding between the merits of 
results of Mr. Froude’s previous experiments to fix | papers so entirely different in their aim and scope, 
the data, and it must have required much careful | and in the materials and data with which they deal. 
experimental investigation to assist in arriving so} It is very difficult to say what particular line of 
far as Mr. Froude’s paper carries us. treatment was contemplated by the Institution of 

Purely theoretical investigations have hitherto| Naval Architects, or by the giver of the medal, 
for the most part proceeded on the assumption that | when they issued the circular and advertisements 
the friction and edge resistance of the propeller| announcing the medal for competition. It is not 
titution, or those 
shown of itself to destroy the practical utility of | who conduct its operations, lose sight of the fact 


sua and will s@ford. full i information ap fo ferme, Be, on the equations constructed upon it. ai Froude’s | that the Institution has a scientific reputation of 
Pom ey | Paper does not, it is true, contain a complete solution|a very high order, and that consequently fallacies 
pate ee ng Att ee eee of the problem of screw ropulsion when the | propagated in its name have a power for mischief 
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INSTITUTION OF OC1viL ENGINEERS,—Tuesday, January 2ist, at 
pA B. ©. Patterson, “The Railway System of South 


Civil Engineers (by the kind of Council), or 
Thursday, January ié6th and January 17th. The chair will 
be taken at 11 o'clock a.m. by the President. The annual report of 
the Council will be presented to the . The annual election of 
the President, Vice-Presidents, and of Council, and the 
election of new members, &., will take place. The following 
motion will be brought forward at the : “That the 
Council be authorised to &sum not pas 8 3001, out of 
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rection oblique to its own surface has only recently | follows : 

















which lie a ntly on the : threshold 
subject, and hav antly 

times by the highest authorities, 

not been explained in a way that can be paper 
entirely satisfactory. Moreover, the question even awe for the Gold Medal.” 
of the pitch of a propeller is a vexed one. If a ‘ 









SCREW PROPULSION. 
ee question of roe propulsion is likely to 
ume &@ prominent posi next meetings 
the Institution of Eval snehibods in foramen el 










friction and edge resistance of the propeller are in-| of the most potent kind. The circular issued con- 
cluded, and this leaves an important opening for| cerning the forthcoming competition is a most un- 
further research, We doubt, however, whether the | fortunate one, for it, by implication, invites the com- 
data for such a solution yet exist, owing, “ye | preet te bolster up ies which have long since 

exploded, It is well this should be pointed 
little understood action of the water in the re-| out in the interest of possible competitors, for many 
gion of the propeller, but doubtless some attempts | of them, especially those of the inventive type, may 
will be made in this direction, and they will merit | lack theoretical knowledge of the subject, and may 
encouragement. The magnitude and difficulty of | be tempted to borrow their theory from the words 
the task, however, will be obvious when we reflect| of the circular. Were it not for this, the falla- 
for a moment that every eminent mathematician, | cious wording of the circular in question might 
from Newton down, who has eralised without | have been left to pass unnoticed, for since its issue 
experiments on the question of fluid resistances, has| the Council of the Institution have been fortunate 
blundered at it more or less; and, moreover, that} enough to secure for their secretary the services 
the whole theory of hydrodynamics has been under-| of Mr. G. Holmes, whose scientific acquirements 
going fundamental during the last few| and practical knowledge render him eminently fit 
years. Mr. Froude has reminded us in his paper|to detect such fallacies in the future. Indeed Mr. 
that the comparatively simple problem of the re-| Holmes has, we believe, already amended it in part 
sistance of a shine i water in a di-jalthough not sufficiently. The circular reads as 


received a correct solution in conformity with the} ‘Norice.—A Gold Medal, value 25/., has been 
stream line theory, and the step from this to a cor-| offered by Mr. R. Carlyle for the best paper sub- 
rect solution of the action of a screw propeller is| mitted to be read at the Annual Gene 
an enormous one, which we can hardly expect to see | of the Intitution of Naval Architects in 1879, ‘On 
speedily achieved. It may be remembered, too, as| the Construction of the Screw Propeller, its Form, 
an illustration of how little is known of the screw| Number of Blades, Pitch in Proportion to Diameter, 
propeller, that questions like that of negative slip, &c., 80 as to give the Smallest Amount of Slip with 
of the| the Greatest Amount of Propulsion for a Ton of Coal.’ 

e been constan’ moony sage Nope nc All papers to be delivered at this office (5, Adelphi- 
have to this day | terrace) on or before 24th February, 1879. 

deemed arriving after that date will be eligible to 


Carlyle, to whom the circular refers as the 
screw has a itch, how should the mean | actual giver of the medal, and whose recent death we 

i ive pitch be measured, so as to take | have heard of with regret, was ashipowner of emi- 
ly of the relative importance of | nence, who probably knew there was a good deal of 
distances from the axis of the | confusion in men’s minds as to the action of the screw 


through the investigations . 
Mr. Froude made ‘last rae hcl And unless this is satisfactorily settled, | propeller and who wanted to see it cleared 






slip, whether negative or positive, to be| step, he took to promote this was, from 


steam trials. A few remarks on the sibject may These and other co Rogge od bs TR eed sey tatert one. It would 
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for discussion, but they are ex- i faRaslen onteined in the above circular. The 
settle definitely; or place be-| Council of the Institution of Naval Architects, how- 
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been proved in their own volumes over and over again ing to competitors against what would to some , have utilised an old clay-pit as a fish- for the 
that smallness of slip does not conduce to efficiency | of them, perhaps, as the doctrines o judges. | purpose of proving that by the AB the 
Speen; end wins 3 Oe ee We do not for a moment suppose that such un- | sewage is sufficiently for fish to live in it. 

in their most recently published volume, it is} sound doctrines will rule in the judging of the| The effluent water was running direct from the 
shown by one of the most eminent of their body, | papers. The whole thing has probably from | tanks into this pond without any filtration, and it 
Mr. Froude, that “instead of its being correct to| some momen carelessness on the of the | was stated that hundreds of fish of all kinds placed 
regard a large amount of slip as a of waste of | Council, or yh -- 4 in w g the cir- | therein some months ago are still living and thriving, 
wer, the te conclusion is the true one,| cular by some one unacquainted with the subject. | the — water supply being the —— ~~ 

‘o assert that a screw works with unusually little | We have said the circular has been amended. It|A aquarium, showing the living in the 


slip is to give a proof that it is working with a large 
power. 

The idea that the slip of the propeller measured 
its waste or inefficiency was long believed; and 
many are the attempts that have been made by in- 
ventors to reduce the slip, so as to get a perfect 

ropeller. Just when everybody thought this fal- 
acy satisfactorily dead and buried, it is somewhat 
amusing to see it cropping u in in the very place 
of all others where one would least of all have ex- 
pected to find it! 

But even more curious than the foregoing is the 
standard of efficiency laid down. We are at a loss 
to conceive how a paper written on a propeller, on 
a series of propellers, on propellers generally, past, 
present, or future, either on their theory or practice, 
or both combined, is to be judged by such a standard 
as that of ‘‘the smallest amount of slip with the 
greatest amount of oe gpg for a tonof coal /” 

Apart from the blunder as to the slip, how is the 
“ton of coal” to be worked in? If one of the 
papers in question happens to be on a new form of 

ropeller, how is the fon of coal test to be applied 

y the judges? If on the other hand it is a paper 
based on the action of known propellers, or made 
up of a discussion of their relative merits, how is 
the “ton of coal” test to be applied. We can under- 
stand a test for economy of working bringing & prize 
to the inventor of a certain propeller; but it must 
surely be after a test of performances, not of writing 
about them. Strictly speaking, indeed, the compe- 
tition appears only open to inventors, as otherwise 
the folly of the circularis supreme. For a man may 
write a most able paper on screw propellers, discus- 
sing impartially their relative merits and economical 
advantages, but the merits of his paper cannot be 
judged by the consumption in any conceivable way 
of a ion of coal. 

Again, had the circular been intended as an in- 
vitation to inventors to come forward to prove the 
merits of their own propellers, a test of performance 
would have been reasonable, and in fact necessary ; 
but it could not be applied unless in addition to 
writing a paper, the inventors were prepared to 
arrange for steam trials under the supervision of the 
Council of the Institution. This however could not 
have been the intention, or the notice would not have 
simply offered the medal ‘‘for the dest paper sub- 
mitted to be read at the annual general meetings.” 
It is in fact impossible to reconcile the circular with 
any intelligible theory as to the intentions of the 
Council. 

But supposing we could get over all these diffi- 
culties and believe that in some way or other un- 
known to us the proof of efficiency, or economy of 
steaming could be made to decide the question, how, 
we would ask, is the economy or want of it to be 
brought home to the propeller so long as the engines 
and boilers are left out of consideration? Every- 
body knows that a propeller might be admir- 
ably suited in form, diameter, surface, and pitch 
to a particular ship having a certain horse power, and 
going at a certain speed, and the “ ton of coals” test 
might show good results; whereas the same pro- 
peller fitted to another ship of different power and 
speed might be utterly unsuitable and a great sacri- 
fice of coal would ensue. It will be seen then that 
the value of a ) ay np as a propeller cannot be 
determined by the fon of col test at all, except in 
connexion with a certain ship and certain engine 
power, which are ignored in the eircular; in fact, 
undue expenditure of coal might be due to the 
ship or to the engines and not at all to the pro- 
peller, or might occur with an admirable propeller, 
simply because the propeller, although admirable 
for another ship is unsuitable fer the ship in question. 
The excellence of a propeller’s construction and 
form is one thing, its suitability for a portauioe 
ship quite another, The circular confuses the 
latter with the former. There will doubtless be 
worthless papers among the number submitted for 
the medal, but we will venture to predict that in 
none of them will there be a greater amount of fal- 
lacy compressed in so small a space as in the Insti- 
tution circular which will have called them forth. 
We have deemed it right to offer these words of warn- 





should beyond question be still further considered 
by the Council, so that their intentions as regards 
the gold medal competition might be put before the 
public in a reasonably sound and scientific form. 








THE NATIVE GUANO COMPANY. 

Tue history of the Native Guano Company, 
treating sewage by the A BC procéss, presents 
some remarkable features among the great number of 
associations that have been formed under the Limited 
Liability Acts, but’especially in regard to those in- 
tended to solve the sewage problem. Of these it is 
the only survivor, omitting, of course, such as have 
been recently formed. About ten years ago it was 
originated by gentlemen who had seen much of the 
use of golidified human feces in China, and irrigation 
in India. 
ham were small; but in 1870 it aspired to the treat- 
ment of sewage at Leamington, Hastings, Bolton, 
Leeds, and Southampton; even Birmingham was 
embraced in its projects. Eventually the company, 
like Alexander the Great, sighed for fresh scenes of 
conquest, and chose the metropolis, attempting to 
treat the metropolitan sewage at the Crossness out- 
fall. 

Financially, the whole of these attempts were 
failures; chemically, they generally succeeded in 
producing an excellent effluent, especially at Leeds, 
the sewage of which can, on the average of the year, 
be used in place of ink for writing purposes. At 
Leamington, through the richness of the sewage, 
they produced over a thousand tons of the native 
guano, which was sold readily at 3/. 10s. per ton, and 
the demand exceeded the supply. There need be no 
hesitation in stating that had these works remained 
in the hands of the company, and been economically 
worked, they would have yielded a clear 10 per cent. 
profit. But the sewage had previously been as- 
signed to the Earl of Warwick, for use on his farm 
at Whitnash, and hence the Native Guano Company 
left, with, however, a vote of thanks from the then 
local board, now existing in the form of a corpora- 
tion. 

The vicissitudes through which the company has 
since need not be here referredto. Its share- 
holders and directors, from its origin to the present 
day, have included some of the most eminent mer- 
chants and men of standing in London. They have 
been the victims of many enemies, they have lost 
many thousands, but they have stood to their pur- 
pose. Their chairman, Mr. W. Crookes, one of our 
most eminent chemists, whose contributions to 

hysical science in respect to the radiation of light 
ve been so frequently illustrated in ENGINEERING, 
and the general manager, Mr. C. Rawson, whose 
energy alone has saved the life of the company, 
seem to us @ tee that sounder science and 
business tact may eventually restore the company to 
prosperity. Recently their works at Aylesbury 
were visited by a large number of gentlemen 
interested in the question S sew — Pa 
the purpose of inspecting the working of the A 
avian, The aaltuen, Mr. W. Crookes, F.R.S., 
and other directors of the company, accompanied 
the party, which consisted of about thirty, and in- 
cluded the Duke of Sutherland, Mr, Richardson (of 
the Metropolitan Board of Works, London), and 
others. 

On arriving at the works, the visitors were con- 
ducted round by Mr. Crookes, who fully explained 
to them the working of the Fang They were 
first shown the sewage as it flows into the works 
from the town, receiving as it emerges from the sewer 
the purifying and precipitating agents employed in 
the process of purification ; first the mixture of char- 
coal, blood, and clay, which immediately removed 
all smell: and then the addition of asalt of alumina 
(preferably the sulphate) to precipitate the im- 
purities. Its p through the three settlin 
tanks was watched, the improvement as it flow 
being very marked. By the time it reached the 
overfiow into the effluent-water channel, all traces 
of sewage had entirely disappeared, and the water 
ran away down the channel exceedingly bright, 
clear, and free from smell, Recently the company 


Tts beginnings at Leicester and Totten- | sewage 





effluent water, attracted much attention. 

Having completed their inspection of this part of 
the system, the process of dealing with the deposit 
or sludge was next explained to the visitors. They 
were shown the improved filter presses which, by 
steam pressure, reduce the quantity of water in the 
sludge to about 50 per cent., turning it out in solid 
cakes something like oilcake. These cakes, when 
heated on a drying-fioor and piled up in a heap, 
retain sufficient heat to complete the ing, when 
they are ground up and sent out in bags to the 
farmers. The drying of the manure formerly was a 
_— difficulty, and various schemes, such as steam 

oors, Needham and Kite’s press, steam-heated 
cylinders, &c., were used. But all these turned out 
comparative failures owing to the peculiarity of the 
physical character of the deposit Ron precipitated 
, which generally contains nine tons of water 
to one of solid matter. 

It appears that at Aylesbury the demand for 
the manure has much increased, and the company 
had some difficulty in meeting it last season. We 
have already stated the same occurred in Leamington 
in 1870-71. In addition to the home demand, 
orders were received from Italy for the native 
guano, and it is expected that these will be largely 
increased next season. Some excellent specimens of 
roots, &c., grown with it, were exhibited, and were 
much prai Farmers who have used the manure 
were very successful in their exhibits at the various 
agricultural shows this year, gaining prizes for 
swedes, mangolds, &c, From the preceding remarks 
it’ will be seen that the Native Guano Company are 
beginning de novo, where they should have at first 
started. Seven years ago they were urged by com- 
petent advisers to choose such districts as, being small 
centres of agriculture, would afford, without the cost 
of carriage, a ready means for the disposal of their 
manure. But not only so, the treatment of the sewage 
of such places would generally produce a much richer 
manure, especially in regard to nitrogen, than a 
manufacturing district, where, generally speaking, 
the refuse of dye, bleaching, and other works neu- 
tralises the operations of the A BC. In our columns 
we have more than once urged them to hasten 
slowly. The company has an excellent future before 
it. The process is the best precipitation one extant, 
and can produce the best manure, whatever its 
worth may be. If, therefore, judicious economy 
and business tact be followed, a genuine success is 
before the shareholders. ‘With the scientific and 
financial auspices under which the company now 
exist, their failare to make it a paying concern 
would be o~_ a disgrace. Hitherto, the injudicious 
zeal of their friends has done them more harm than 
the enmity of their foes. Self-reliance may redeem 
their fortunes. 


THE EXPLOSION ON BOARD THE 
“ THUNDERER.” 

Dvurine the week which has elapsed since our last 
issue, very little has come to light on the subject of 
the bursting of the 38-ton gun. We are still with- 
out any satisfactory official account of the cause of 
the misfortune, for the statement published in the 
daily papers that a committee of inquiry had come to 
the conclusion that the cause of the accident was 
defective loading, is too vague in its origin to be 
accepted off-hand as the truth. We should ve 
much like to know the evidence that has been heard, 
and that has enabled the committee to come to this 
conclusion, for it is of the utmost importance that 
every fact connected with the case should be laid 
before the public, in order that the whole scientific 
body of the country may have an opportunity of 
discussing the details fully, for in this way, and in 
this way alone, is it at all likely that a really satis- 
factory judgment can be pronounced, and a recur- 
rence of a similar disaster be prevented. Should it 
turn out that the was at fault, or if not the gun, 
still any essential feature connected with the system, 
such, for instance, as the method of loading, then 
the authorities ought not to hesitate for an instant 
in accepting the results of experience, but should 
put these guns at once out of service, and remodel 
our heavy artillery, for great as would be the 
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sacrifice, nevertheless they would be backed up|of a material like papier-maché to the extent sup- | another at an angle of about 20 deg. and meeting at 
in such a course of action by the whole of the en-| posed in this theory. Were the gun liable to an | one extremity so as to form the letter V. Between 
lightened opinion of the country, and confidence in | accident of this nature it seems to us that it ought | the point of intersection of the upper pair of carbons 
their own wisdom would be restored. to have exploded long ago. and that of the lower the elec are is pro- 

Pending the disclosure of any evidence that may| On the other hand, if the rammer on with- | duced, and as the of these points in space 
have been taken, we think we cannot do better than | drawn carried the wad some distance forward, leav- etrically by the intersection of 


encourage discussion, and we propose to-day to con- 
sider any suggestions of importance which may have 
been made in the daily papers during the last week 
as to the probable cause of the ter, Three 
letters demand special attention, viz., two from Sir 
William Palliser, which were published in the Times 
on Monday the 12th and Tuesday the 13th inst., 
and one from Mr. Norman Scott Russell of St. 
Petersburg, which appeared in the same paper on the 
13th inst. 

‘Ihere are three points in Sir William Palliser’s 
letter which are of importance: 1, His advocacy of 
coiled wrought iron instead of steel barrels, 2. His 
repudiation of the commonly received explanation of 
the cause of the accident, viz., an incorrect position 
of the projectile. 3. A new theory that the explo- 
sion was caused by the combined use of aring wad in 
front of the projectile, and a gas check behind it. 

As regards the use of steel instead of wrought 
iron for the inner barrels of guns, there is much to 
be said for and against each metal, but we may 
defer the discussion of this point, and pass on to 
the second consideration. 

Sir William repudiates the theory of an air space 
between the cartridge and projectile having been the 
cause of the explosion on the ground that, ‘‘ during 
the year 1867,” he ‘‘fired an 8 in. rifled- gun with 
air spaces between the powder and the shot up to 
4 ft. long, and no harm was done to the gun, on the 
contrary,” he ‘discovered that the larger the air 
space the smaller the strain on the gun.” It would 
be very interesting to know the details of these ex- 
periments, such, for instance, as the nature of the 
powder used, the point of ignition, the presence or 
absence of windage between the projectile and the 
bore, for very much might depend upon these points. 
For instance, it is quite conceivable that if slow- 
burning powder were used, and the charge were 
ignited from the rear, that the cartridge itself would 
begin to travel forward immediately after ignition, 
and on account of the comparative smallness of its 
mass it would travel forward with a very light 
pressure of gas till it came in contact with the 
projectile, so that no danger would arise to the gun. 
Also if the projectile had plenty of windage, all 
danger might be avoided even if the cartridge were 
filled with quick-burning — and exploded all 
at once. It seems to us, however, that should the 
cartridge, either because of its mode of ignition, or 
for some other reason, burst, so that the air space 
in front of it should become filled with pellets of 
burning powder, while at the same time all ee 4 
of gas were prevented by a gas check, then the 
pressure must mount updangerously, and the gun 
might burst before the gases had time to overcome 
the inertia of the shot, and move it out of the way. 
We hope for some further information from Sir 
William Palliser on the subject of these experiments. 

With regard to the third point raised in the 
letters, viz., the true cause of the explosion, the 
writer advances the theory that the gun burst be- 
cause the projectile crushed through the ring wad 
in front of it and so became jammed, while the 
presence of a gas check prevented the gases from 
getting round the projectile and blowing away the 
pee ring which caused the obstruction. 

e writer does not even state that he supposes 
the wad to have been at some little distance from 
the projectile, on the contrary he reasons on 
the supposition “‘of a ring wad having been 
placed round the front of the projectile.” We 
cannot but entertain grave doubts as to the correct- 
ness of this theory. The so-called ring wad is a 
disc of papier-maché of great hardness. On the 
middle of the disc is a raised bit, or boss. pointing 
outwards towards the muzzle of the gun, and the 
boss, and the portion of the disc behind it are per- 
forated with a conical opening which just admits 
the point of the projectile. Had the ring been in 
contact with the projectile and the latter rammed 
home, then it seems probable that friction even being 
taken into account, and the velocity commencing as 
it does from zero, it would be easier for the shot 
to move the wad away in front of it than to crush 
through it and so to compress part of it in the wedge- 
ro, space between the shoulder of the shot and 
the bore of the gun, that a jamming followed by an 
explosion would take place. We doubt whether it 
would be possible to alter the shape of a broad ring 





ing a between it and the front of the shot, 
then it is evident that we should have the same set 
of conditions at hand as in the case of the fowling 
piece stopped with snow or other substance, and so 
the same consequence, viz., explosion, might be ex- 
pected to follow. We ought in this case, in addi- 
tion to taking account of the inertia of the wad, to 
consider the effect of a return wave flowing back 
along the bore, reflected from the hindrance in 
front, and meeting with an oe powder wave 
in such a way as to reinforce it; in this way a great 
and sudden local pressure might be generated suffi- 
cient perhaps to burst the gun. 

We next come to consider the letter of Mr. Norman 
Scott Russell, who from his Russian experience 
must have a considerable knowledge of breechload- 
ing heavy ordnance. Mr. Russell expresses no 
opinion as to the cause of the accident, but takes 
advantage of the occasion to condemn, as we think 
rightly, the muzzle-loading system. He shows how 
this system involves great complication in the load- 
ing machinery, and adds that it puts the shipbuilder 
to serious inconvenience by causing him to bend 
and curve up his decks in order to enable the gun 
to be ies § at all. He goes on to state very co- 
gently that the muzzle-loading necessitates the use 
of a short gun, because there is not room in a turret 
to run in and load a long one, and he is thus led to 
compare the length of bore of our 38-ton gun, viz., 
16} ft., with the corresponding Krupp breechloader 
which he gives as 22 ft. This is a serious difference 
when we remember that the addition of 3 ft. to the 
length of our original 12 in. guns of 35 tons—where- 
by they became converted into 38 tons—is stated 
to have added 10 per cent. to their power of pene- 
tration. 

The writer speaking next from the naval archi- 
tect’s point of view complains that the gun makes 
the ship and compels the adoption of turret instead 
of broadside vessels, whereby, as in the case of the 
Inflexible and Dreadnought, each gun carried, requires 
2500 tons of displacement, and each floating gun 
costs 200,000/. So far we are atone with Mr. 
Russell, but when he goes on to assert that Krupp, 
during twenty-two years’ experience as a constructor 
of ordnance has had no difficulty with the breech 
arrangement, and when he further suggests that we 
should adopt the Krupp gun in its entirety unless 
we can find a better system, we fail to follow him. 

Mr. Krupp’s experience of breechloading ord. 
nance was a continuous series of difficulty and 
failure, until he adopted the Broadwell system in 
its detail, for to Mr. Broadwell alone belongs the 
credit of the so-called Krupp system. We think it 
a that this system will have to be substantially 

ollowed by this country, if breechloading ordnance 

be adopted here, because a long and great ex- 
perience has so proved its efficiency that it may be 
adopted with confidence. Mr. Krupp has already 
pressed his services upon this country with regard 
to the introduction of the Broadwell system, and 
with a view to his own profit; but while we may 
with advantage adopt. the principle which has been 
the cause of his success, the manufacture of our ord- 
nance is scarcely likely to be transferred from 
Woolwich to Essen, 





THE RAPIEFF SYSTEM OF ELECTRIC 
ILLUMINATION. 

OF all the numerous systems of electric illumina- 
tion which have been engaging public attention 
during the last few months, one of the most prac- 
tical and certainly one of the most interesting is 
that known as the Rapieff system, which we illustrate 
on page 51, and which has been ~— by the pro- 
prietors of the Zimes for lighting the great press- 
room, in which are placed the eight Walter presses 
by which that journal is printed. 

The general essential feature of M. Rapieff’s 
lamp consists in the duplex nature of one or both 
of the carbon electrodes, that is to say, instead of 
employing, as in almost all other electric regulators, 
a stick of carbon placed vertically above and in the 
same axis with another carbon stick, the two being 
respectively connected with the positive and nega- 
tive terminals of the electric generator, M. Rapieff 
replaces the single vertical pencil by two others 
each of half its sectional area, inclined to one 





two straight lines which form the axis of the carbon 
pencils, a constant length of arc is necessarily ob- 
tained, whether the carbons are consumed slow! 
or rapidly, uniformly or with a Each 
carbon pencil is free to move between e rollers 
or within slide-tubes in the direction of its length 
and is drawn with a uniform pressure, by means 0! 
acord and weight, through its guides towards the 
apex of the V which it forms with its fellow pencil, 

e forward motion or “ feed” of each being stopped 
only by the two butting against each other. When 
two such V’s are placed the one over the other, 
with their apices in ns the apparatus is so 
constructed that the P e of the upper V is at right 
angles to that of the lower. A Rapieff lamp of this 
construction is shown in Fig. 1, in which the four 
carbons are shown in the position they would oc- 
cupy when no current is traversing the apparatus, 
that is to say, the lower pair is in contact with the 
upper pair, being kept up against it by a light spiral 
spring underneath the base acting through a vertical 
rod which 8 freely up through the right-hand 
vertical pillar shown in the illustration. ‘To the 
free end of each of the carbon pencils is attached, 
by means of a screw clip, a silk thread, which pass- 
ing over suitable pulleys enables a rectangular 
weight which slides vertically up and down the two 
pillars to draw the carbons towards their common 
point of intersection. The moment that the lamp is 
placed in circuit and an electric current sent through 
it, the lower pair of carbons drops away from the 
upper pair to the distance appropriate for the for- 
mation of the arc, and this distance remains con- 
stant as long as a current is flowing, but if there 
occur any interruption of the current—due to the 
stoppage of the machine or to any accident—the two 
pairs of carbons are instantly brought into contact 
again, and the light is re-established, or the lamp is 
in a condition to start again the moment that the 
current is renewed, 

The automatic arrangement by which the carbons 
are separated is concealed below the circular maho- 
gany base of the lamp, and is shown in Fig. 2, which 
represents the lamp illustrated in Fig. 1, faid on its 
side, soas to show the lower apparatus. ‘his consists 
of a pair of electro-magnets (shown about the middle 
of the circular cavity) one of which is fixed while 
the other is hinged or pivotted at that end which is 
to the left of the figure in such a way that the mag- 
netisation of the magnets causes the pivotted 
magnet to approach the fixed one, and in so doing to 
lift. the sliding rod which passes up the vertical 
pillar of the lamp, and thus to separate the carbons, 
A spiral brass spring shown in the figure re- 
establishes the connexion when no current is passing 
to excite the magnets. 

Below the stand, and which is shown in the 
drawing, is also fixed an apparatus, which is an 
essential feature of the Rapieff system for sub- 
dividing the electric light, and by which the ex- 
tinction of one lamp in a series is prevented from 
rendering the others brighter or otherwise affect- 
ing them, This consists of an automatic shunt 
which throws into the circuit a resistance about 
equal to that of the burning lamp, i.c., made up of the 
resistances of the arc, carbons, magnets, coils and 
connexions ; the moment that, through avy cause, the 
arc becomes extinguished, the current ceases to pass 
through thecoils of theelectro-magnet, which thereby 
loses its magnetism, releasing the armature (shown 
to the left of the magnet), which falls back by 
the tension of a short brass spiral spring fastened to 
the rim of the stand ;, to this armaturejis attached a 
long brass arm carrying a contact piece, which when 
the armature is released, presses against a second 
contact piece, which is connected to one end of an 
artificial resistance (shown at the lower part of the 
figure) consisting of prisms of carbon, which being 
of higher specific resistance than a metallic wire, 
— less space than would a coil of the same 
conductivity. The further end of this resistance- 
box is connected to the terminal of the lamp to which 
the negative pole of the machine is attached. It will 
thus be seen that there are two courses open to a 
current entering the apparatus according to whether 
the circuit through the carbon pencils is broken or 
complete, In the latter case its course is as follows : 
from the positive terminal through the magnet coils 
to the upper pair of carbons, thence through the 
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are to the lower pair which are connected to the 
negative terminal 7 When, however, the circuit 
through the carbons is broken its course is as follows: 
from the positive terminal through the contact piece 
attached to the armature through the artificial 
resistance to the negativeterminal, which may either 
be connected to the negative electrode of the electro- 
motor or to the positive terminal of the second 
lamp of a series, and as the two courses through one 
lamp are about equal in resistance, it follows that the 
extinction of that lamp cannot have any appreciable 
effect upon others in the same series. 

At the Times office as many as six lamps are placed 
in one circuit, but with more powerful currents that 
number may be doubled, and the extinction of one, 
two, four, or even five lamps does not inerease the 
illuminating power of those that are left. 

Fig. 3 represents an extremely convenient form 
of M. Rapieff’s lamp, in which the two pairs of 
carbons, instead of being disposed the one vertically 
over the other, are placed side by side, making 
angles with one another, so as to form the four 
corners of an acute-angled pyramid, at the top of 
which the are is formed, The carbon pencils are in 
this lamp drawn upwards, in a similar manner to that 
described in reference to the first lamp, by means of 
cords passing over pulleysand attached to the cruciform 
weight shown in the figure. M. Rapieff has fitted up 
one of these lamps in a very handsome Faience vase 
surmounted by an opal globe, which forms a very 
beautiful lamp for a library or large hall. Above 
the arc may be placed a cake or cylinder of lime, by 
which the illuminating power of the lamp is greatly 
increased. 

M. Rapieff has lately designed a new lamp, which 
is about to be adopted at the 7imes office, in which 
the upper pair of carbons is dispensed with, and is 
replaced by a single vertical carbon of twice their 
sectional area; the general arrangements in this 
lamp are inverted, so as to adapt it for suspension 
from the ceiling of a room, and the electro-magnetic 
regulator is slightly different ; but as this arrange- 
ment of lamp is only now in process of completion, 
we will defer describing it in detail until we are at 
liberty to publish the drawings. ? 

The Rapieff system possesses two material advan- 
tages which we do not think are shared by any 
other system ; the first is, that as the position of the 
arc is determined by the geometrical intersection of 
two fixed lines, and not by the rate of consumption 
of the carbon pencils, or by any regulating clockwork, 
it follows that the same lamp is equally well adapted 
for continuous and for alternating currents, for 
although in the one case the one pair of carbons 
would consume at twice the s at which the 
other pair would be burnt, while in the other, the 
two pairs would disap at equal rates, still 
the position of their points of intersection would 
remain constant, and all that is necessary to do in 
the case of a continuous current is to have longer 
pencils in the one pair than in the other. The other 
advantage is also a very material one. It is well 
known that one principal cause of fluctuation in the 
ordinary electric light is due to imperfections in the 
carbon employed, small fragments of silica, as well 
as cracks and fissures, causing the pencils to split or 
to break away, producing a break or variation in the 
light. By the employment of two or more carbons 
instead of one, the effect of imperfections in the 
carbons is reduced to a minimum, for the continuity 
of the one makes up for the imperfection of the 
other, and a steady performance is insured. 

Fig. 4 represents the Rapieff electric candle, which 
differs from that devi by M. Jablochkoff in 
several particulars ; in the first place there is no in- 
sulating material inserted between the carbon pencils 
or wicks, secondly, the two pencils are not parallel 
but make with one another a small angle, such that 
while the resistance of the circuit is diminished by 
the burning down and consequent shortening of 
the carbons it is increased in proportion by the 
gradually increasing distance between them causing 
the arc to become longer as the candle becomes 
shorter, By this means the one compensates the 
other and a steady light is obtained, But what is 
undoubtedly the special advantage of the Rapieff 
candle over the Jablochkoff is that if, by any cause, 
it becomes extinguished it immediately relights itself, 
and the extinction of one light in a series has no 
effect on the others, while with the Jablochkoff 
system if one candle go out all the others in the 
same circuit are instantly extinguished, and can- 
not be reillumined without renewing the candles. n 
the whole series. ; 

The Rapieff candle consists of two nearly upright 


pencils of carbon, whose distance ae can be 
regulated by a screw adjustment. e holder of 
one of the carbons is connected to the armature of an 
electro-magnet concealed within the stand, and 
when no current is passing the upper extremities of 
the pencils are brought into contact by a spring at- 
tached to the armature of the movable carbon. 
When, however, a current is sent through the ap- 
paratus the armature is attracted and the carbons 
are separated to the proper distance necessary to 
produce the electric arc, and the moment that any 
interruption in the circuit takes place the armature 
is released, and the carbons coming again together 
the arc and the light are re-established. 

We shall on an early occasion describe M. 
Rapieff’s newer modification of his lamp as well as 
the results of the experiments which are being con- 
ducted both at the Times office and at his experi- 
ment works near Smithfield. 

At the Times office the generator machine em- 
ployed is identically the same as that in use at Paris, 
on the Thames Embankment, at Holborn Viaduct, 
and at Billingsgate Market in connexion with the 
Jablochkoff system. The machine is that known as 
the Gramme dividing dynamo-electric machine, 
which was fully described in this journal six months 
ago ;* but the Rapieff lamp is adapted for use with 
any generator, whether it be a voltaic battery, or a 
magneto or dynamo-electric machine producing con- 
tinuous or alternating currents. M. Rapieff, has how- 
ever, taken out letters patent for a machine of his 
own, but whether it will prove more suitable than 
those already in use is a question which experiment 
and experience only can decide. 








THE LATE MR. RICHARD S. CUNLIFF. 

LITTLE did we expect when, a few weeks ago, we had 
occasion to pen a biographical notice of Mr. Charles Ran- 
dolph, the eminent Glasgow engineer, that we should so 
soon be called upon to perform a similar duty in regard 
to his near relative and partner in business for the long 
period of thirty-four years, namely, Mr. Richard Stedman 
Ounliff, who, up till his death, was the only surviving 
member of the world-famous firm of Randolph, Elder, 
and Co. Though not bred an engineer, that gentleman 
played a most important part in the three successive 
firms of Randolph and Oo. (1834-39), Randolph, Elliott, 
and Co, (1839-52), and Randolph, Elder, and Co. (1852- 
68), which was that of managing the commercial depart- 
ment of the business in which they were engaged, and 
which eventually became one of the most gigantic of its 
kind, either at home or abroad, involving an immense 
capital, works and plant of great extent and value, and 
for a long time a staffand army of workmen numbering 
between 5000 and 6000 persons. To have been the chief 
agent in providing the ways and means to keep the com- 
mercial interests of that great business going successfully, 
and yet to have found time to go through a large share 
of public work, indicates the possession of an amount of 
ability in administration which is not at all common, but 
which was certainly true of the gentleman of whom we 
speak. 

"Som in the year 1804, in the city of Leipsic, where his 
father was established as a British merchant, Mr. Cunliff 
belonged to an old and well-known Lancashire family, 
and by his mother’s side he was connected with the 
county of Kinross, in Scotland, his maternal grandfather 
being Dr. Stedman, Sheriff of Kinross. He received most 
of his education in Glasgow, and after spending several 
years in a large mercantile establishment, he started in 
business on his own account as a yarn merchant in tke year 
1825. When his cousin, Mr. Randolph, nine years after- 
wards commenced the engineering business which was 
eventually to become such an important feature of the 
industries of the Glasgow district, Mr. Cunliff joined him 
in partnership in the capacity already indicated, and in 
the execution of the duties of that position over a very 
long series of years he earned golden opinions from all 
who were brought into contact with him. Doubtless 
many who read these lines will join us in bearing testi- 
mony to his genial, kind, and affable disposition, to his 
thoroughly unselfish nature, and to his strictly honour- 
able dealing in all things. 

About the time when the firm of Randolph, Elder, and 
Co. was dissolved by the retiral of the two senior partners, 
Mr. OCunliff was again drawn into active business pur- 
suits, though not too engrossing for his advancing years, 
In conjunction with Mr. Alexander Elder, of Liverpool, 
(brother of the late Mr. John Elder), and a number of 
Glasgow gentlemen, chiefly connected with the engineering 
trades, he established the British and African Steam 
Navigation Company, of which he was the chairman and 
managing director up till his decease, and in which ca- 
pacity, as in all others, he was most highly esteemed. 
To his great business experience and tact that company 
isdargely indebted for the eminently successful position 
whiclr it has attained during the ten years of its existence. 
In January, 1869, the Bonny, the first vessel of the com- 
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pany’s fleet, set out on her maiden voyage to West Africa, 
and the fleet now owned by the company consists of no 
fewer than fifteen splendid and well-appointed steamers, . 
all Clyde built. Mr, Cunliff was likewise engaged in 
several other important commercial and manufacturing 
concerns on which it is not necessary to enlarge. 

Apart from his purely business duties, Mr. Cunliff did 
much public work during his life, and it may be said 
that the leading feature of his public character was his 
devotion to the cause of educational progress. At least 
half a century ago he was engaged in a movement some- 
what similar to that which is now being made for what 
is called technical educatien ; for so far back as the year 
1825 he was the secretary for the Glasgow Mechanics’ 
Institution, when the whole country from London to 
Aberdeen was alive with the importance of training the 
artisans of the large towns in a knowledge of those 
scientific principles that were applicable in the develop- 
ment of the various industries in which they were em- 
ployed. The parent institution of course was Anderson’s 
College, Glasgow, in which Dr. Birkbeck conducted his 
famous classes for artisans. Then came the London 
Mechanics Institution, originated in great measure by that 
gentleman; the Watt Institution and School of Arts, 
Edinburgh, followed; and at the time to which we 
specially refer in connexion with Mr. Cunliff, the Glasgow 
Mechanics Institution was in the second year of its 
existence. All through his subsequent career he was 
intimately identified with the progress of scientific edu- 
cation amongst the industrial population. For fully a 
quarter of a century he was intimately connected with 
the management of Anderson’s College, and latterly he 
was the president of that most valuable institution in 
succession to Mr. James Young, F.R.S., of Kelly. 

As sooon as the Government scheme for aiding in the 
spread of instruction in science through the Science and 
Art Department got a footing in Glasgow in the year 
1860, Mr. Cunliff was induced to become the local secre- 
tary, in which capacity he did an immense amount of 
useful work over a period of at least a dozen years; and 
to his energy and enthusiasm may be traced a large 
share of the popularity which the Government science 
scheme now enjoys north of the Tweed. 

Mr, Cunliff was twice married, and by his first wife 
he leaves a son who is a member of a well-known and 
much respected shipbuilding and engineering firm, 
Messrs. Cunliff and Dunlop, Port-Glasgow. 





CLYDE SHIPBUILDING TRADE. 


Fo.Lowine up the article in our last week’s issue on 
“ Clyde Shipbuilding—1878,” we now proceed according 
to promise to mention some additional particulars in re- 
gard to this important industry, bearing more especially 
upon the prospects of the trade in the immediate future. 
As already hinted, those prospects are certainly not very 
bright. On some former occasions the close of the year 
has found the shipbuilding firms with what may be re- 
garded as extraordinary amounts of work under contract. 
For example, it was 120 vessels of a total of 184,818 tons, 
at the end of December, 1868; and 102 vessels of a 
total of 140,999 tons at the close of the following year; 
while at the end of the year 1870 the work under con- 
tract consisted of 140 vessels of a total of 216,000 tons, 
and the quantity of shipping in hand was even still 
larger at the close of each of the two following years. 
At the present time, however, it would seem as if the 
amount of work actually under contract were only about 
100,000 tons, a total which is lower than has been in 
hand at the corresponding date any time these ten years. 
Still, it must be remembered that the commercial crisis 
through which most of the country—and more especially 
the Glasgow district—has passed during the last 
three months or so, has been,one of such unexampled 
severity, that capitalists have been compelled to restrict 
their orders in almost every direction. With the restora- 
tion of confidence, however, it may be expected that 
orders will come forth much more freely than has been 
the case‘of late. 

Some of the yards along the banks of the Clyde show 
no very great activity at present, indeed bare poles are not 
infrequently seen as the only conspicuous objects in the 
yards ; in several of the others, however, there are some 
very large vessels in hand or recently contracted for. 
For example, Messrs. John Elder and Co, have no fewer 
than three first-class steamers in progress, one of which, 
the Arizona, a vessel of 5300 tons, is ordered by a Liver- 
pool and New York Company. Another, also of very 
large size—5200 tons—is intended for the Orient line of 
the London and Melbourne Steamship Company ; and the 
third, a vessel of some 2700 tons, is intended for the 
Dutch East India trade. After a rest of four years, the 
Pacific Steam Navigation Company are again adding to 
their fleet, which at one time consisted of no fewer than 
47 vessels of a total of 112,000 tons, all built on the 
Clyde during the short period of eleven years. For the 
recently-started Clan line of Glasgow, Liverpool, and 
Bombay traders, already consisting of three steamers, 
each of about 2100 tons, three other new steamers are 
being built on the Clyde. The Union Steam Shipping 
Company are getting a large mail steamer built for 
their well-known Oape of Good Hope line; and there 
is likewise a large vessel in progress for the Peninsular 
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and Oriental Steam Navigation Company to be employed 
in their Indian mail service, Some of the German shi 
owning firms are again patronising the Clyde, and 
several orders are to hand from French and Spanish 
firms, and there are contracts even from far distant 
Japan. Reference has been made to one large vessel 
for the Australian trade, but otherwise the orders on 
Australian account are fewer than is usually the case, 
vessels for the coasting service now being built by 
colonial shipbuilding firms. The British India Steam 
Navigation Company, on whose account no fewer than 
74 vessels of a total of 105,000 tons have been built on 
the Clyde since the year 1855, are again making additions 
to their fleet. An order has also been recently booked 
by a Port-Glasgow firm for the construction of three 
large steamers for the Indian river navigation. Messrs. 
William Simons and Co., London Works, Renfrew, have 
in hand three steamers and a double dredger; and there 
are three vessels, of a total of about 3000 tons, in pro- 
gress in the yard of Messrs. Scott and Co., Greenock. 
In the yacht building yards there is a larger amount of 
work in progress than is usual. 

We may call attention here to some steam launches 
built by Messrs. Ross and Duncan, of Glasgow. A pair 
of boats finished by this firm for Messrs. Bulloch 
Brothers, of Rangoon, are worthy of remark, being spe- 
cially designed for the swift-flowing Burmese waters. 
The vessels are built of the lightest steel plates (Steel 
Company of Scotland’s, Siemens’ process), with teak 
fittings. They are of light draught, with keel dipped at 
stern to give large propeller. The engines are inverted, 
direct-acting high-pressure, with double cylinders, de- 
signed to run at a high speed, with variable cut-off. 
Strength and lightness are particularly attended to, the 
piston rods and crankshaft being of forged steel. The 
boilers are of the locomotive type, entirely of steel ex- 
cept the tubes, which are of brass, suited to work at a 
pressure of 120lb. per square inch, and fitted with a 
patent double-spring safety valve. The boilers are fed 
by special donkey engines, and also have injectors at- 
tached, so that the objectionable fast-working feed-pumps 
on the main engines are avoided. The propellers are of 
cast steel, and spare ones of different proportions of dia- 
meter and pitch are provided, according to the speed 
found most desirable. These boats were sent out to 
Rangoon on shipboard in November and December, 1878, 
and are believed to be the first of their type built on the 
Clyde. 

Fewer paddle steamers are being built just now, but 
the great decline of orders on hand is chiefly in sailing 
vessels, as the low price ruling for coal for some time 
back has told severely on sailing tonnage, and steam 
vessels have been picking up the large proportion of the 
inward and outward cargoes at freightage rates against 
which sailing vessels cannot possibly compete with profit 
to their owners. 

There is nodoubt but that the market has been much 
overstocked with shipping during the last two or three 
years. It is reported that at present there are some 
sixty steamers or thereby in the market for sale ranging 
from 1000 to 3700 tons, and of these nine are vessels of 
above 3000 tons each. But while mentioning that 
ominous fact, we are afforded some gratification at know- 
ing that a number of the larger and finer finished steamers 
that were in the market have found purchasers during 
the past year. 

It is worthy of mention that contracts for new ships 
can now be made at from,11/ to 134 per register ton, 
depending, of course, upon the specification and outfit. 
Sailing vessels of 1000 tons may be had at about 111. per 
ton, though there are builders who ask from Ill, to 21. 
more, 

At present there are some steel vessels in hand on 
the Clyde, but shipbuilding in steel, except for Govern- 
ment purposes, has not advanced much during the past 
year. Should the proposed alterations in the French 
tonnage duties be successfully carried, and of which there 
seems at present to be little doubt, it is confidently 
anticipated that a greatly increased demand for British 
tonnage will arise on account of French merchants. 

In connexion with these remarks upon the great ship- 
building industry of the Clyde, it may be worth while 
briefly to note a few thoughtful utterances recently made 
by one of the most enterprising and accomplished em- 
ployers of labour on that river, namely, Mr. William 
Denny, of Dumbarton. When addressing a meeting of 
the Philosophical Society of his native town in the early 
part of last month on “ The Industries of Scotland,” and 
speaking of the shipbuilding and engineering trades, he 
remarked that while in 1871, 1872, and 1873, the launches 
of vessels on the Clyde averaged 50 per cent. of the 
whole launches in the United Kingdom, that propor- 
tion had fallen to 45 per cent. for the year 1874, 
1875, and 1876, and to 374 per cent. for 1877; and he 
was of opinion that the proportion would be lower for the 
year then drawing to a close. The condition of affairs 
shown by these figures he attributed to the keen com- 
petition of the shipbuilding of the north-east coast of 
England who managed to produce their favourite type of 
heavy carrying slow-speed steamers at very much less 
cost than that to which they could be produced on the 
Clyde. Their success was, he thought, due to four causes, 
first, the enterprise of the small shipowners, and the 








general public upon the north-east coast t of England in 
supplying capital for steamers of that kind; second, to 
the great. cheapness of iron in the North of England ; 

third, to the long hours worked upon the east coast, 
enabling the shipbuilding plant to be more profitably 
employed, and the great development of piecework which 
had existed for many years in that district, He found 
the fourth cause for the success of the east coast builders 
in the production of the type of vessel referred to, that 
all the builders being engaged on work of the sameclass, 
the price of wish os could be measured per ton of dead- 
weight carried, or per ton gross, and per nominal horse 
power, they were able easily to compare the efficiency of 
each others yards in point of production, and by that 
means a keen competition was produced amongst them- 
selves. The great variety and frequent speciality of the 
work done on the Clyde prevented any such common 
measure of prices existing. The question of interest for 
the people of the Clyde district was—How could 
those disadvantages be got over ?—for he was of 
opinion that they could be surmounted. Regarding 
the first, while it was not possible to convert all the 
small capitalists of the Clyde into shipowners, he believed 
that the great shipping companies, in taking up the east 
coast class of vessels, would supply sufficient customers 
for the Cylde, if the Clyde could meet their views. Then, 
as regards the price of manufactured iron, he thought 
they could only hope for little more enterprise on the part 
of the Scotch manufacturers, and in the meantime they 
should attempt to make up for that by economy in other 
directions. In the matter of labour, he thought the 
Clyde builders should decide to introduce piecework into 
every department of their establishments. That was a 
matter to which as yet they had not given sufficient 
attention. He thought, too, that the workmen on the 
Clyde ought voluntarily to agree to work the average 
number of hours worked on the east coast, which would 
not be less for their own interests than for those of their 
employers, thereby putting the plant on the Clyde upon 
the same level as that on the east coast. Lastly, in re- 
gard to the fourth condition, he thought that if Scotch 
builders were thoroughly in earnest, and would apply 
themselves without stint or trouble to the matter, 
although they did not manage to take away any large 
share of the east coast trade, they would at least place the 
Clyde on the footing which it formerly occupied. 








NORTHERN RAIL MANUFACTURE. 

No branch of the northern iron industries has known 
the rapidity of rise or swiftness of decay that the iron 
rail trade has, and the figures which show that rise and 
fall should be of interest. Although the iron rail 
manufacture, on a comparatively extensive scale, was 
planted twenty years ago in the north-eastern district, 
when the works now owned by the Darlington Iron Com- 
pany were erected for the manufacture specially, yet it 
was not for some years that any very large output was 
attained, and not until about ten years ago did the in- 
dustry reach that commanding position in the iron trade 
of the north which it held down to 1875. The success 
which gradually attended the works to which reference 
has been made, and the others which then existed, caused 
more to be established, and ultimately there depended on 
the iron rail manufacture a very large portion of the 2100 
puddling furnaces which have been erected in the north 
of England. And the dependence of these furnaces on 
that trade is still proved by the large number idle, in 
spite of the conversion of several rail mills into plate and 
angle mills. 


In dealing with the official statistics relating to the grades bein, 


iron rail trade, it may be remarked that they are more 
complete for it, than they are for some other branches, for 
whilst there were several plate and bar mills of im- 
portance not included in the operations of the Board of 
Arbitration, the rail mills unincluded were few and com- 
paratively unimportant. And thus the “nine-tenths” of 
the mills which formed the Board of Arbitration’s 
boundaries, include more than that proportion of rail 
mills; and it may be said practically that in dealing 
with the official figures of rail production we are dealing 
with the whole. Turning, then, to facts, we may notice 
first the quantitive production of rails in what is called 
the Cleveland ironmasters’ district, we find that it was 
during the first three or four years after the formation of 
the Board of Arbitration, that the increase in the trade 
was most marked, and that since 1873, the declension 
has been so rapid as to deserve particularisation in 
detail. In the first two years the reduction in prices 
checked the fall to some extent. In 1872, there were 
produced in the works connected with the Northern 
Board of Arbitration 324,440 tons of rails; but it 
may be stated that in one quarter of the year—the second 
—the ratio of the output was much in excess of the others, 
for in that quarter there were 95,393 tons of rails made 
and sold at a time when the price was on the average 
102 12s. 7d. That price increased in the succeeding 

quarters, and the quantity showed a serious fall.. In 
1874 the total produced was 265,021 tons, not only less 
than in its predecessor, but less also than in 1873, when 
299,074 tons were made. In 1875 the production was 
246,218 tons, and the proportion of the output to the 
whole of the finished iron was reduced from 55 per cent. 





to about 41 per cent. In 1876 the declension continued, 
to cutgnt of velea tne Aap yore Dees Sova 107,593 tons. 
It will be interesting to quote the detailed production for 
the two last years, omi from the quarterly returns 
the fractions of tons, The quantity of rails produced in 
1877 and 1878 was as under : 











—_ 1877. 1878. 

tons. tons. 

ist Quarter... ° 7,232 5,618 
Qnd_ sy; os ‘10,992 8,820 
Sed; ane 8,897 5,031 
4h ,, s 9,628 2,136 
Total ... eee 36,749 21,605 











Since 1873 the iron rail trade of the north has fallen 
from a production of 324,440 tons in the year to one of 
21,605 tons ; or taking the highest and lowest produc- 
tion from 95, 393 tons to 2136 tons, an ex 
fall. Without taking the very highest quarter, it 
may be said that from forming in 1874 a proportion of 
the whole production of finished iron in the north of 
52.45 per cent., it has now sunk down to one of 2.08 per 
cent., although there has been a very great reduction in 
the prices. 

In 1873 the maximum price of 112 8s. 1d. was reached ; 
in 1874; within six months of that maximum, there was a 
fall to 107. 2s. 11d.; in 1875, successive quarters marked 
very rapid reductions, the last quarter bringing the 
average down to 6/, 19s. 6d, In 1876 prices again con- 
tinued to fall, but at a necessarily slower rate, the 
averages for the quarters being 6/. its. 5d., 61. 11s. 8d., 
61. 3s, 9d., and 64 Os. 10d. In 1877 prices for the quarters 
averaged 6/. 2s, 7d., a slight increase to 6/. ts. 8d., 
5L 19s. 10d., and 51. 15s. 3d. In 1878 we have again a 
continued fall, from 52 18s. 11d. to 5/. 10s. 10d, 
5l. 10s. 6d., and 5L 2s. 1d. The irregularity in the mo- 
tion during recent periods is due, in some degree, to the 
fact that there is included in the quantity made in some 
of the quarter’s rails which were ex ir HY the price 
of which raised the average, and which could not be very 
well considered as rails made for commercial purposes in 
the ordinary manner. 

The cause of the decreased production is well known to 
be the increased preference for steel rails, and to meet 
that preference there has been commenced in the north 
one of the most complete steel rail mills; but it may be . 
added that the production, so far as the north is con- 
cerned, is rather larger than is apparent, for one of the 
rail mills has in the last few months withdrawn from the 
Arbitration Board. But allowing for this, the fact re- 
mains that the present rate of production is about one- 
tenth only of what it was; and there is now a production 
of steel rails to the extent of three times that of iron, 
although the ores for the steel rail need importation into 
a district abounding with iron. It cannot be determined 
what the future of the rail trade of the north will be, for 
the success or non-success of the attempts to utilise the 
Cleveland iron ores for the production of Bessemer steel 
would materially influence that future. The iron rail 
trade is stagnant, and as the low price of steel rails is 
rendered more likely to last by the largeness of the 
facilities of production, that stagnant condition has a 
probability of continuance ; but beyond this nothing can 
be said of the future, which must reveal itself. 


Coat In BeLarum.—lIn the first half of 1877," Be 
produced 6,594,000 tons of coal, 98,500 
g employed to accomplish this age hil the — 
average wages paid were as nearly yeh the ocal . 6d. 
fhendl tei dees. In the first half of 1 ihe esal posdes> 
tion of Belgium was 7,258,500 tons, 98,000 persons bei 
employed to secure this result, while the averages 
were as nearly as possible 2s. 44d. "par bead pee Ge. 








THE nee or CIVIL zie Th ta 6 i 
meeting o Society L Fm ag . 
F. Bateman, F.R.SS., L President, in the chair, 


it was announced that the Gouna, sctiee 5 under the pro- 
visions of the bye-laws, had recently transferred Messrs. 
Richard MI ri Stephen Charles Best, Henry Wollaston 
Blake, M.A., F.R.S., Robert Bell Booth, Chapman, 
Charles Hutton Crondace, Cecil West Darley, James 
Farrar, Charles worth, Edm 


weg Henry James Jackson, Richard Lionel lon, 


, Robert James Quelch, Alfred E ey gaa Charles 
none Bysshe ee, bg om at Thomas 
‘Tanner, George Thornton, W: sang A White, Charles 
Woodley Whitaker, and J ph Wiliam ilson from the 

class of Associates to poco tae ® ag had admitted 
Messrs. William Abbott, nyt weg John 


Spencer Ballard, Arthur ‘peakwith, Hore ey Clifford Biddle, 


John Buchan, William Chadwick, James . 
Herbert Henry Graham I , William Hayden Gates, 
Edward Gifford, Frederick Gle: » Acheson | 


caster, ward Alan Lowe, William poe Parrack, 
ai, Bohan my dion aad 


Stilwell, ,, Neosada — Bye 
Reginald inom ad as pec ie oan 
At the sane Teak lef In- 


Messrs. James Pi vant 5 

— of Publi nV orks for the TL mony 
enry Thomas, Director of Public oaks, 

tralia, were elected Members. 



























































TH UMPING ENGINES FOR] Boilers: f “The test shall be made under the direction of at least 
ee nas iF LAWRENCE, MASS. Length ofshell __... eae .. 25 ft. 5tin. tbree mechanical engineers of good reputation, one to be 
Designed and arranged by Mr. E. D Lzavitr, Jun., C.E ” water mid-feather ~ 12 ft. chosen by the commissioners, one by the said party of the 

Constructed by 1. P Sonaaeé Co., Philadelphia. ” combustion cham 3,, second part, and the third by the other two. 
In with the Pypend bet ‘the ‘. “ae ‘The coal to be used on the trial shall be of the best 
iy aeeeedance with the tee eee orks onl the| Diameter of tubes ... 3 in, quality of Cumberland coal, and shall be carefully weighed, 
SS fm Nl pacar mane i ees Ta taney Number __e,, pie Ra Abe ~ wile and with such precautions as the examiners may determine 
builders to “eet t ml ioe theo on end firection Diameter of circular shell . 5ft.3in. | upon. 
Ww E. Worthen, J. C oadley and Jos. P — of each grate eve << 2 . ‘The method of conducti the trials to be as follows : 
of —, m. on Bed hy woe aaah Width ,,  ,, jeee woe nee SHE. 10 in. Steam to be raised in the boilers to the proper working 
Davis, ci who were encees 5 on Steam drum for both boilers, 12 ft. 6 in. by 2 ft. with clean fires of the usual thickness, when the 


from the report made by them the following a has 


Description of Works.—Figs. 1 and 2 shows a plan and 
profile 6f engine-house, main, and reservoir, by which their 
relative positions can be really understood. The pumps of 
both engines deliver into branch mains of 24in. diameter, and 
75 ft. long, thence by main 30 in. diameter and 4900 ft. long 
to reservoir. The delivery is usually m. an overflow from 
the upright pipe on the centre of the division wall of the 
reservoir; but, for the purpose of measurement by weir, 
this pipe was enclosed by a box, some 10 ft. lo y 8 ft. 
wide and 4 ft. deep. weir was constru on the 
southerly side, of which the crest was 2 ft. 4 in. above the 
bottom of the platform—or some 4 in. above the top of the 
pipe. The weir measured 3.997 ft. in length, plate iron 
cage and sides. 
nge 


ines.—The engines were two, designated as A and B, 
with a single flywheel between them. For the test of a 
single engine, the westerly one, or engine B, was run. 
Fig. 3 is a section of one of the engines—a compound 
engine of Mr. E. D. Leavitt., Jun.’s, design and patent. 
The two steam cylinders, both steam-jacketted, are placed 
beneath the main centre of a working beam, and inclined 
outwardly at the top to connect with opposite ends of 
the beam, reducing thereby the length of the steam passage 
between the oy inders, equalising the stroke, and economis- 
ing space, with a strong and compact frame. 

The cylinder valves are all gridiron valves with large area 
of opening and small movement. The steam valves to the 
high-pressure cylinders are operated by cams controlled by 
governors, one to each engine. When running coupled, the 
cam Of one engine is set and the other controlled by its 
governor. 

Air pump double acting. Feed pump connected with air 
pomp a ne pumps Aad the eee a variety, 

et plunger, but with a supplementary delivery pipe. 
There are seven double beat valves for suction, and four in 
the supplementary pipe, and bucket valve for the delivery. 
Attached to the lower valve chamber, there is a small 
spherical chamber with an air cock at the top, by which 
air may be introduced into the pump, which is found, at 
particular stages of water in the well, to contribute to ease 

the working of the pump. 

The boilers are two in number, designed for these works, 
tubular, with interior fireboxes ; the general construction 
will be understood from the sections, Figs. 4 and 5. A 
water mid-feather divides each boiler into two furnaces. This 
feather extends from the front nearly to the centre of the 
boiler, where both fireboxes unite in one combustion 
chamber. From this chamber the boiler is tubular to the 
end ; the products of combustion passing through the tubes, 
return beneath nearly to the ash-pit, and pass downward, 
and latterly into a depressed flue leading to the chimney. 

Table of Dimensions. 


Force 4 : os 
Length of force main 
Diam ” 99 ee Ae ‘im 
Branches from engines to main, 75 ft. 
long by 24 in. diameter. 
Static lift from 165 ft. to 174 ft. 


4900 ft. 
30 in. 





pressure 
engines are to be started, and the trial is to begin ; but the 
beginning and — of that portion of the trial on which 
all calculations of efficiency and duty are based shall be left 
to the decision of the experts. 

‘* All the coal burned during trial to be charged without 
deduction of any kind to the engines. 
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That part of the contract which governed the board of 
experts in conducting the test trial is as follows : 

“For the test the — shall run for 48 consecutive 
hours, during which the water will be measured over 
a weir at the reservoir, and the delivery of the pumps must 
be at the rate of at least 2,000,000 of gallons in ten hours 
for each engine, with a speed of 16 revolutions per minute, 
and a steam pressure in boiler of 90 lb. per square inch. 

80 


If, however, the Water Commissioners shall so determine, 





Diameter of high pressure eylinders, 18 in. 
” ow ” ” eee ” 
” high ” ” rods oe 3} ” 
ya low pa pea me saat eo 
-- air pumps > yee a ie 
a pump ane 9. oe ose 26} ,, 
” »» Plunger ,, 18} ,, 
” ” ” rod see 4} ” 
pa bottom and supplementary 
valves outside lower seat .., 15} ,, 
i bottom and supplementary 
valves inside upper seat... eS 
rm bucket valves outside lower seat a 
” ” inside ” ” 15 ” 
“a air chamber ad >” as 
i flywheel ua ees sai 30 ft 
Length of streke of steam and water pistons O wx 
“~ * air pump ia eas 28 in 
Distances between End Centres of Beam ... 16} ft 
Lead on steam valves ed ash am CO 
ss high pressure exhaust valves vs in. 
je low ¢ inlet a - we» 
7 os 98 exhaust bottom ... Sve ss 
” ” ” ”. top eee 4% ” 
All measured on stroke of pistons. 
Cushion on high pressure topexhaust .. 144 ,, 
“s » bottom ,, “ 143 ,, 
9 low pressure top eee 
ad 9 ttom ,, — « 
Volume of Clearance and Port Space : 
High pressure top -0256 of cylinder capacity, 
8 a bottom -0231 a ne 
Low >... seen “ — 
ne at bottom .0182 - a 
Connecting pipe between 
cylinder gl - OEP. ,, a 
Weight of flywheel ove ove «+ 35,900 Ib. 
Volwme of Clearance and Port Space : 
Weight of walking beam including 
was and counterbalance oo .. 25,700 Ib. 
eight of high pressure piston and 
connexions be i ~ 2575 ,, 
Weight of low-pressure piston and 
connexions oon hai se 4175 ,, 
Weight of air pump piston and 
connexions Sa, fe] ee 1800 ,, 
Weight of pump, plunger bucket 7200 ,, 
pa main connexions, beamtocrank 3800 ,, 


the test shall last for a less time than 48 hours. 











“*The lift to be determined by a correct pressure gauge 
poe sag to the as main at on nal. i a hy: “i 
engine house, to the average i of which s 
added the pressure due to the difference of the level of this 
point, and the mean surface of the water in the pump well, 
and also an allowance of one pound per square inch for 


friction, and bends between the gauge and well 

**The duty obtained must be Q- . 95 
lifted one foot high 
in the boiler furnaces 


mal to 95,000,000 Ib. 
b. of coal consumed 
, and said duty shall 


i 

















ENGINEERING. 








Jan. 17, 1879.] 59 
be reckoned upon the amount of water delivered over the | for the careful weig'! were taken by us, but the coal a the important ones was determined by a com- 
weir at the reservoir, with five per cent. added thereto to | of such quality bt Sane as could be readily yoollly get: n fy them with a ahed 6 gauge of the American 
allow for loss of action at the pump. evaporative capacity will be ona by the resul Gauge Company, tested by a mercury column. 

** At the close of the trial the fires to be in as good con- | experiments. The thermometers and barometers used were furnished 
dition, and the water in the boiler at the same height, and or measuring the water to be supplied to the boilers two | Huddleston. The thermometers inserted in steam 
the steam at the same pressure as at the beginning. tanks were constructed. The upper or measuring tank was | water passages ware made especially for the , the 
In preparation for the test a weir was constructed at the | a covered box, in the cover of which a small bulbs enclosed ina tube and the tube i into the 
reservoir in the usual form, and with all the was made for an overflow ; 1400 lb. of water at | steam, so that there was no pressure exerted on the bulb. 


liances of 
gauge-box, connecting-pipe, and hook-gauge. 2, side of 
the ga’ eas was made of - for better illuminating the 
point of the hook in the night. 





a6 a Ae. 3 Fahr. were weighed into it, and by the OF en, te 
e tank three bricks previously well wetted 
of the water was brought up to re level of the overflow. 


oe 9 wftte. 








Longuudimnal 


TABLE I.—ENGINE B. 
Tor or HiaH-PrEessurE CYLINDE 


Three * ee ai ca were inserted, one in ane of the steam 
pipes near the boilers, one in near the 





e steam pi 
engine, one in each of the jackets of the Ah yer] low 


Fig - g. 





Average of hourly observations, 8 a.m. to 12 p.m. (inclusive) May 2, 1876=17 consecutive hours. 






















































































































































































































































































































































































































































































Forward Stroke. Backward Stroke. At 0,05. At 0,15, At 0.25, At 0.35. At 0.45. At 0.55. At 0.65. At 0.75. At 0,85, At 0.95. 
g.8 ¢ 
- 3.8 
=e ee . less! § efoLepet+f- [elo Tep<] + l= beret) a teint ee 
° a = s g2e2 2 a § 
: 18/8 3 aE 8 a % 
Ooja |& | 4 O| % 

% i-& ta’ ise Ss Fe Cr cs" 9 | 10} a. | 12. ] 18 | 1 | 16. | 46. | 17. | 18. | 19. | 20. | 21. | 22. | 2% | 24 | 96. | 26.) 27 | 28 | 29.1] 80, 
99.62 | .814 | 100.2| 39.84 |29.62 | 836 | 9.19 |51.47 |100.27| 27.1 |100,74|10,12 |100.72| 10. | 86.41 | 10.6 | 98.05 11.71 | 56.15 | 12.98 48.02 | 14.6 |42.14 16.74 | 87.96 |19.88 | 84.75 | 24.64 | 61.79 | 51.64 
Average of hourly observations, 3 a.m. to 7 P.m., May 3=17 consecutive hours ; ge a with same from 5 a.m. to 2 p.m., May 410 consecutive hours 
(omitting one hour). Total, 26 hours. 
+e Fe | ‘ 24 | Se. me a | 9. 10. | 11. | 12] 13. | 14 | 15. | 16. | 17. | 18. | 19 | 20. | 21. 22. | 23, | 24. | 25. 20. | 27. | 28. 20. | 80. 
100.2 | .807 1004 | 33.4 28.36 | 837 | 935 51.80 | 101.2 an01 10.8 10.19 |101.03| 9.76 | 86.63]10.35 167.55 11,83 | 55.63 |12.59 | 47.49 14.28 | 41.86 | 16.16 37.55 19.30 |34.43 | 23.78 51.88 | 62,08 
Top or Low-PREssuRE CYLINDER. 

Average of hourly observations, 8 a.m. to 12 p.m. (inclusive), May 2=17 consecutive hours. 
nis | 3 | & | 6 | ein Fe | 9. | 10.}| 1. | 12] 18 | 14] 15. | 16, ] 17. ] 18.] 19. ] 20. ] 21. | 22] 28 | 24 | 95. ] 26] 97. | 28 | 29. | ‘20, 
96.14]. | .. “6.14| 439 |... ‘ | 93.14 1.53 |18.74| 1.56 |15.81 | 1.69 |18.05 | 1.84 |12.17| 1.94 |10.96 | 2.07 |10.05 | 2.17] 9.24 | 2.90| 886 | 249| 7.63 | 2.84 | 10.98 | 10.85 
Average of hourly observations, 3 a.m. to 7 P.M., May 3=17 consecutive hours ; veer with same from 5 A.m. to 2 p.m., May 4th=10 consecutive hours (omitting one hour). 
Total 26 hours. 
| 2. | ae eet | 6. | 7. | 8. | 9. | 10. | 11. | 12 | 18% | 14 | 16. | 16. | 17, | 18 | 19% | 20. | a1 | 22 | 23. | 24, | 25. | 26, | 97. | 28. | 29. | 30. 
ry T . | 5.95 4.58 | ps | ms | ; | 28:26 1.54 |18.78 | 1.61 | 15.88 | 1.65 |13.77] 1.82 |12.18 | 1.98 |11.05 | 2.05 |10,06 | 2.15] 9,80 | 2.26 | 8.60] 2.43 778 | 2.78 | 10.97 10.76 
Bottom or HicH-PREssURE CYLINDER. 

Average of hourly observations, 8 a.m. to 12 p.m. (inclusive), May 2=17 consecutive hours. 

: | ele | 4. 5. 6. | 7 | 9 | 10. | 1. | 12. | 18, | 14 | 15. | 16. | 17- | 18, | 19. | 20. | a1. | 22, | 28. | 24. | 25. | 26. | 27. | 98, | 29. | 80, 
103.0 | .315 |102.4 | 34.9 | 286 840 | 9.9 | 59.2 |102.7 27.8 |102.8 }10.21 |102.9| 9.8 | 91,1 | 10.2 | 7098 10.74 | 69.9 | 114 | 60.5 | 12.9| 44.1 | 148] 39.7] 18.0] 364] 23,0 | 55.14 | 55.01 
Average of hourly observations, 3 a.m. to 7 P.™., Muy 3=17 consecutive hours ; together with five others taken between 9 4.m. and 2 P.m., May 4. Total 22 hours. 

1. ls | 4 | 8. | 9% | 10. |». 12. | 18. | 14 | 15% | 16, | 17%. | 18 | 19, | 20. | 22. | 22, 23. | 24. | 25. | 26. | 27. | 28. | 99. | 30, 
101.2 316 | jo18 | 948| 284| 842] 88 “88 [60.92 jton. 37 | 26.77 101. 87| 8.87 | 101.95| 8.68 | 90.89 | 9.22 | 71.36 | 10.0 | 59.2 | 10.19 | 5095 jaz79 44.56 | 14.79 | 40.06 | 17.91 | 36.41 | 22.67 | 55.67 | 56.90 

Bottom or Low-PREssuRE CYLINDER. w 
Average of hourly observations, 8 a.m. to 12 p.m. (inclusive), May 2=17 consecutive hours. 

4 is 3 | 4 5. | 6 | 7 | 8. 9 | 10, | 1. | 12. | 18. | 14. | a5. 16. | 17%. | 18 | 19. | 20. | 21, | 22, | 23, | 24. | 95. | 26. | 2. 28. | 29 | 30. 
28.4 5.42 | 3.44 | By | | 8.25 | 22.04] 2.74 | 17.1 1.85 | 14.17] 1.88 | 12.12 1.9 | 10.7 | 2.07 | 9.72 | 2.05 | 897 | 2.14 | 8.29 | 2.22 | 7.76 | 2.44 | 7.06 | 207 9.66 | 9.59 
Average of hourly observations, 3 4.m. to 7 P.m., May 3=17 consecutive hours ; together with same from 5 a.m. to 2P.m., May 4=10 consecutive hours 
(omitting one hour). Total, 26 hours. 
gs }e°he dé |. 8-4 6782 eee FS | 1. | 12 | 1% | 14. | 1. | 16. | 17. | 18. | 19. | 20. | 21. | 29, | 23. | 24. | 25. | 26. | 27. | 28. | 29, | 30, 
28.00]... 6.98 | 4.35 | ... 22,08) 2.94 | 17.20 1.96 | 14.17] 1,94 | 12:10] 1.91 | 10.69] 2.01 | 9.68 2.10 | 8.91 | 2.21 | 8.19 | 2.81 | 7.69 | 288 | 7.07 | 2.78 | 9.61 | 9.50 



























































The scales for weighing the coal were tested; and for 
determining the quantity fired at any time it was determined 
to use the car as provided for the works, seg it back to 
the scales and reweighing after each 

By the terms of the contract, the first item to claim the 
attention of the experts was that “the coal to be used on 
the trial shall be of the best quality Cumberland coal, and 


shall be carefully ‘weighed. ” All the precautions necessary 





zoe Spee tank, _ i “—e So wetes was fed nie, the 
, Was provi with a glass gauge gradua‘ rom 
the upper tank. The uation was from a full tank 
downwards, so that the water fed into the boilers was deter- 
mined from the number of upper tanks di plus that 
drawn ms the lower tank. 

Ros pees on boilers and steam and water on 
engine were those provided by the contractors. The 


pressure cylinders, and one in the hot well delivery 
pipe. A tube closed at the lower end and filled with oil was 
eae in the main flue for the reception of the thermo- 
meter 


A tank with a weir was provided for the reception of the 
water, and of such capacity as not to be disturbed 
in its level by the discharge from the hot well 





Indicators were provided and attached to each ‘end of 
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ABLE II. 


z 
Averages and Totals, 3 a.m. to 12 p.m. (inclusive) 
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both cylinders, and a pipe connexion between the valve 
chambers of the pump with a T-pipe for the attachment of 
an indicator. : 

The gauge for determining the height or pressure of the 
lift was attached tothe air-chamber, the readings were 
taken hourly, and co’ by comparison with a standard 
gauge. “ The pressure due to the difference of level of this 
point (the gauge) and the mean surface of the water in the 
pump well.’’ A floating gauge was put in the pump well, 
and referred to the same asthe gauge in the air-chamber. 
To determine ‘the amount of water delivered over the 
weir at the reservoir’’ a weir was carefully constructed at 
the reservoir, observations were taken at no longer intervals 
than five minutes during the trial, and the quantity esti- 
mated by the formula taken from Mr. Francis’s ‘‘ Lowell 
Hydraulic Experiments. ’’ 

he Board of Experts could have arrived at all the result 
required by the contract from a careful determination of 
the amount of coal used, of the pressure in the main referred 
to the level of the water in the well, and of the amount 
of water delivered at the reservoir, and following the 
method prescribed for firing. But it was considered neces- 
sary that other data, usual in such tests, should be obtained 
for comparison of these engines with others which have 
been previously tested under similar circumstances, andjalso 
to exhibit, and satisfactorily explain, the final result 


arrived at. 

At 4.16 p.m., May Ist, the fires were kindled beneath both 
boilers. At about 6 p.m. the engine was started, and the 
weir-box filled, and engine stopped to test the leak in rising 
main and weir-box. At 8.55 p.m. the engine was again 

tarted, and at la.m., May 2nd, full observations were 
sommenced. The engine was then run continuously till 
.2.45 a.m., May 3rd, when the pipe which had been inserted 
into the pump chambers for the taking of indicator cards 
blew out, and the engine was stopped till 2.19 a.m., May 
Srd, when the engine was again started and observations 
resumed, and continued without interruption till 2 p.m. 
May 4th, when your Board decided that the engine had 
been tested sufficiently, and it was stopped, and preparations 
made for running the two engines coupled. 

The engines were coupled and started, and observations 
were comm at 7a.m., May 5th, and continued without 
interruption till 6 p.m., May 6th. 

Hourly records of observation were made throughout the 
trial, with the average result * given in the accompanying 
tabular sheets, on which Table I., columns 2 are the points 
of cut-off of the steam in decimals of the stroke, columns 
8 the pressures of steam at the time of cut-off, columns 6 
are the points at which compression commences in the 
exhaust li in decimals of stroke, and columns 7, the 
pressures atthis point. In this table of indicator cards, the 

ressures are referred to the zero-line as determined 

y observations of the barometer referred to the atmo- 
spheric line of the indicators. In the last column the 
net average pressures as determined by the planimeter are 


given. 
Table II., columns 2, 3, 4and 5, are the net average pres- 
sures as determined by the planimeter; column 6 is the 
ing of the gauge on the main corrected by the subtrac- 
tion of 0.3 Ib., the observed difference between this gauge 
and the standard; column 7 is the difference of level 
between the gauge and the hourly observed level in the well, 
converting feet into pounds by dividing by 2.31 ; column 8 
is the lift in pounds determined by the terms of the con- 
tract ; column 9 is the total of coal, and column 10 the total 
* In the original report the figures are given as observed 
for every hour, in ewtenso. 





of water as it was fed upon the grates or into the boiler 
from hour to hour ; column 11 was the hourly observed 
level of the water in the boiler, referred to the crown sheets 
of the firebox instead of to the usual standard of a zero of 
common water level. 

Column 14 is the hourly discharge of gallons of water 
into the reservoir as measured at the weir. 

Column 15 is the absolute static height of the water over 
the weir above the level of the water in the pump well. 
The crest of the weir and the gauge in the well were referred 
tothe same base, and the column is made up from the 
hourly observations. 

The footings of columns 2, 3, 4, 5, 8, and 15, are averages ; 
of 9, 10. and 14, totals of pounds of coal used, of water 
fed, and of gallons of water delivered into the reservoir. 

By the contract the coal was to be Cumberland, and the 
kind furnished was supposed to be of good quality; but, 
during the progress of the test, the evaporative results not 
being catichastery, another lot was substituted, and fired 
from 5 p.m., May 3rd, to 11 a.m., May 6th, with but little 
improvements in results. The ashes and cinders were 
weighed—978 Ib. in the single engine tests, 435 lb. during 
the time the engines were coupled. 

Table III. gives the observations as taken of the pressure 
of gauges, temperatures by thermometers, saturation of 
atmosphere, and pressure by barometer. The caption 
sufficiently explains the position of the instruments. All 
the steam gauges were tested by Mr. Moore, of the American 
Steam Gauge Company ; the one on the engine was verified 
by us, and found to be one pourid short in the range from 
80 Ib. to 95 lb., so that one pound should be added to the 
readings in column one. 

The thermometer in the flue indicated too low a tem- 
perature for the escaping gases, and at 4 p.m., May 2nd, all 
air cracks into the flues were carefully closed. 

It was thought advisable that the specific gravity of the 
water should be tested, which was done by Mr. Maurice 
Hasenclever, who reports as follows : 

Specific gravity of water as taken from the engine house. 
Temperature 60 deg. Fahr. 
(Compared with distilled water and 60 deg. Fahr. being 
1.00000. 
Specific gravity = 1.004871 
Specific gravity of reservoir water} _ 
temp. 57 deg. § = 1.005119. 

The difference of 0.000245 is very near what theory 
allows for 3 deg. Fahr. expansion. 

Observations were made of the flow at the condensed 
water weir at different times when the water was not di 
into the measuring tank for the feeding of the boiler. 
The results, as given below, are in pounds per second. 

Ib. 
10.86 deg. 
11 32 at 101 
» 101 


May 2, ose 2.15 to 2.45a.m 
ooo .20 

12.8 

2.30 


10.7 


10.50 1150 
(To be continued.) 





RIVER CONTROL. 
Remarks on River Control and Management.* 
By J. Cuarke HawxsHaw. 

THE question of the management of the rivers of this 
country is one that is yearly assuming more importance. 
Royal Commissions and committees of both Houses of 
Parliament have been appointed of late years to consider 
the best means of preventing pollution, of povsanting floods, 
and of bare or the control and management of rivers. 
Many facts have been aecumulated and some valuable re- 
commendations have been made which would go far to 
remedy the existing evils. It is to be hoped that decisive 
legislation will not be long deferred. 

uring the last three years I have had occasion to 
examine the greater part of three river basins, those of the 
Clyde, the Witham, and the Upper Thames, for the purpose 
of obtaining detailed information for my father who has 
reported on them. In the case of the Clyde he was 
appointed Royal Commissioner to inquire into the best 
means of preventing the pollution of that river, in the other 
cases he was called upon to — on the best means of 
preventing floods. This being the case (and seeing that the 
uestion of water supply has formed the leading topic of 
the president’s address in this section), I have thought that 
a few remarks on river control may prove of some interest 
to members of the section. In this country, although so 
many great engineering works have been carried out, we 
have little cause to congratulate ourselves on the condition 
of our rivers. Periodically thousands of acres of land are 
flooded, and crops on them are destroyed and villages and 
towns are inundated. In January, 1877, 40,000 acres of 
land above Lincoln and between Lincoln and Boston were 
flooded by the River Witham. ‘Two months later I saw the 
water still standing on parts of the fens, and the people 
only then returning to their homes from which they had 
been driven at a moment’s notice. Insome parts the water 
had been from 5 ft. to 6 ft. deep. By the same flood nearly 
100 acres of the city of Lincoln were flooded to a depth in 
laces of 3ft. ‘Twice in the previous year the River Trent 
flooded the town of Burton, rendering many of the principal 
streets impassable owing to the strong current running 3 ft. 
deep through them. The banks of the Thames from near 
its source as far as London, and including parts of London 
itself, are liable to be flooded. These cases have come under 
my own notice, but each river valley could supply similar 
or even more striking ones. Yet I venture to think that 
engineers are not to blame for this state of things. If they 
cannot cope with the rivers of this country what hope is 
there that the great rivers of India or of other parts of the 
world will be controlled. The Mississippi drains an area 
of 1,147,000 square miles, which is more than 180 times as 
large as the the area drained by the Thames, and discharges 
on an average 800,000 cubic feet per second during the flood 
period which lasts six months. A maximum flood dis- 
charge of the Thames might reach a fortieth part 
of the above amount for a few hours in the course of 
twenty years. Yet American enterprise has not shrunk 
from attempting to control the waters of the Mississippi; 
embankments were made at New Orleans 150 years ago, 
but the Americans are now wisely beginning to deal with 
the mouth of the river, a course which has been too often 
neglected in this country. By making jetties, one of which 
is now more than two miles long, formed of piles and 
matrasses of fascine work, they are constraining the waters 
of one of the main outlets of the river to flow in a deep 
ae course tothe sea. Already the depth of water on 
the has been increased from 8 ft. to 19 ft. I will not 
further describe this great work, though I am much 
tempted todo so. Its progress should be watched by all 
those interested in river engineering. Although much still 
remains to be done before even the great rivers of Europe 
will be brought under control, much progress has been 
made where local interests have been made subservient to 
those of the community in general. The fault in this 
country most py lies in the existence of numerous 
authorities, each with limited jurisdiction over the same 
river. Rivers can rarely be dealt with to any good purpose 
iecemeal, but should more often be dealt with as a adie 
rom their source to the sea. And, moreover, whatever is 
done to them should be done with a view to making them 
as efficient as possible for the three purposes which they 
should serve, viz., for drainage, for navigation, and for 
water supply. The first of these three is the most im- 
portant, for on it the existence of a river depends. Itneed 
not necessarily serve the purpose of navigation ; water may 
be obtained for the —— within its tasin from other 
sources, such as wells or from districts without its basin, 
but a river cannot escape, being the natural and proper 
outlet for the land drainage of its basin. I shall attempt 
to discuss these three functions of a river separately, 
though I believe they cannot fitly be separated, whether we 
regard the works which are proper to them or the organisa- 
tion which will best lead to their being well performed. I 
have said that I do not think engineers are to blame for the 
condition of our rivers. This is certainly not the case in 
respect of foods. A flood occurs and an engineer is called 
in by a local board or committee of landowners, and is 
asked to report and suggest a remedy for the evil. He has 
generally to consider but. a small portion of the river, 
and that only in so far as it affects the interests of his 
employers, who have possibly no jurisdiction or at most 
only a partial jurisdiction over it. Proper surveys are not 
to be had, nor observations on the flow of water in the 
river, and they often have to be dispensed with in a great 
measure owing to the time it would take to make them and 
the cost. He is limited as to expenditure, yet a ial 
scheme of improvement must generally be costly. It can 
hardly fail to benefit some — higher up the river who 
are not called on to pay. Very often it will injure others 
lower down. While the report is being prepared, the 
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ardour to remedy the evil cools. Some are not much 
injured by the flood, some not at all. The prospect of 
having to pay at once seems more distasteful bon to risk 
the chance of haying to suffer the same loss and discomfort 
at some uncertain future time. So the report is received 
and is discussed. The cost of the proposed works is too 
great, and there the matter ends till another bad flood 
comes and the whole process is gone through again. 
Engineers have made more reports on y ae mo than on 
almost any other subject. These reports lead to much un- 
profitable expenditure when special observations and 
special surveys have to be made for them. Such work can 
easily be so thoroughly done as to be available a second 
time. Fora ausetelan report it often has to be done over 


again. 

The Ordnance survey maps on the 6-inch scale supply 
much of the information that is wanted, but for many 
districts no maps have been published on the 6-inch scale, 
and for some we have nothing but the l-inch scale maps 
30 or 40 years old. 

Much of the district drained by the Witham is not cor- 
rectly shown on any map. The Ordnance survey of it was 
made in 1824, and the appearance of the fen land has 
totally changed since then. When the Thames Valley 
Drainage Commissioners were appointed in 1871, by Act of 
Parliament, to deal with the rivers and flooded parts of the 
Upper Thames valley, they could not properly perform 
the duties imposed upon them without a correct map of the 
district. The Ordnance survey of the district was made 
in 1828, on |the scale of one inch toa mile. The com- 
missioners were forced to have a new survey made which 
took some years to make. The work was done by the 
Ordnance Survey Department, to whom the commissioners 
paid several thousand pounds for it, so that in this case a 
= tax was laid on the landowners of the district under 
the commissioners for [the benefit of the Ordnance Survey 
Department. This is one of many cases in which the want 
of system in the management of our rivers has led to a 
limited district having to bear burdens which should rightly 
have been borne by larger districts, or, in this case, by the 
whole community. 

In England, alone, the extent of land which directly 
depends for its drainage on the state in which the main 
river channels are maintained is very great. The fens of 
the Eastern Counties extend over 830,000 acres, and this 
forms but a portion of the land throughout the country, 
some of which would be relieved from disastrous floods, 
and all of which would be better drained if the river 
channels were dealt with on some systematic plan, and 
were not, as at present, either entirely neglected or dealt 
with piecemeal. 

Much of the fen land has no natural drainage, but no less 
does the cost of draining it by mechanical or other means 
depend on the state in which the river channels are main- 
tained. To drain the fen lands in the first instance it was 
necessary that considerable areas should be dealt with at 
once, and this led to the formation of numberless drainage 
districts. Each of these provides for its own drainage as 
best it can with regard to its own interests only, and often 
to the detriment of adjoining interests. ccasionally 
several of them may unite for some special purpose, but 
they rarely co-operate heartily. They have not always 
control over the main channel into which they drain, so 
that they are liable to be flooded from causes beyond their 
own control. Before the advent of railways river channels 
were valuable as means of inland transport, and were 
maintained for that purpose. But traffic on rivers has 
fallen off, and the old conservancy boards have not funds 
to maintain the channels, though they still have jurisdic- 
tion over them, and drainage suffers in consequence. 

The River Witham may be taken as a example to 
illustrate the variety of jurisdictions to which some of our 
rivers are subject. The 
70 miles long, and drains an area of 1079 square miles. It 
flows past the towns of Grant , Lincoln, and Boston, 
entering the Wash about seven miles helow Lincoln. For 
the last 40 miles below Lincoln it is embanked on both 
sides to prevent its flooding the low land adjoining. Parts 
of its tributaries, both above and below Lincoln, are like- 
wise embanked for the same purpose. For some miles 
below Grantham the Witham is under the Grantham 
Sewers Board, from thence to Lincoln it is under the 
Lincoln Sewers Board. These boards have rating powers 
over the lands adjoining the river; the Lincoln authority 
rates all lands below flood level and less than 2 ft. above 
that level. The part of the basin of the Witham which 
lies to the north-west of Lincoln is drained by a tributary 
the Till, which does not, however, discharge directly into 
the Witham but into the Fossdyke, a navigation connect- 
ing the Witham at Lincoln with the Trent at Torksey. 
The Till is under the Lincoln Sewers Board, but the Foss- 
dyke is under the Great Northern Railway Company. The 
lands adjoining the Fossdyke, which are below the level of 
its waters, are divided into two districts, the nortk and 
south-west districts, under separate The only 
outlet for the drainage of these districts, 7000 acres in 
extent, is through a small culvert under the Witham at 
Lincoln, which is not large enough in time of floods. Be- 
sides this, these districts are liable to be overflowed by the 
waters of the Till, the a and the Witham by the 
failure of banks over which they have no control. Between 
Lincoln and Boston, the Witham is a navigation subject 
to the Great Northern Railway, and neither the Lincoln 
Sewers Board nor the West District Drainages have any 
control over it, but the jurisdiction of the Lincoln Sewers 
Board extends over the Lanworth riyer, the principal 
tributary of the Witham between Lincoln and Boston, and 
likewise over a cut called the Sincil Dyke, which passes 
through Lincoln and connects the Witham with the 
South Delph which is under the Great Northern Rail- 
way, and which enters the Witham about seven miles 
below Lincoln. The Lincoln Sewers Board are Poe nny 
by Act of Parliament from making a proper outlet for the 
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Witham waters into the Sincil Dyke, and as their only 
other outlet, the navigable channel of the Witham, is not 
under their jurisdiction and is insufficient in time of floods, 
this pay insures a la tract of land above 
Lincoln, and part of the town i being flooded at times. 
From Lincoln to Boston the Witham is under the Great 
Northern Railway for peseeties purposes, but it is under 
another authority called the Witham Commissioners for 
drai purposes. If the Witham banks were to fail at 


cupqeiehen thay kovedonnthaainteien eaieanaeeael 
These banks, more than 60 miles in » are main- 
tained partly by the Great Northern partly by 


way, 

the Witham Commissioners, and, partly b: the adjoining 
landowners. From Boston to the sea the Witham is partly 
under the jurisdiction of the Boston Harbour Commis- 
sioners and partly under the Witham Commissioners. 
Below Lincoln the lute adjoining the Witham are divided 
for ag = fpr aya into seven districts which are 
again divided into many smaller ones, each of which has 
its own body of commissioners and other officers, and power 
to rate for drainage purposes. Lastly, there are two 
affluents of the Witham below Lincoln, which have been 
made into navigations under separate authorities, the 
Horncastle navigation and Heaford Canal. 

Thus there are no less than seventeen sets of Commis- 
sioners or other authorities having jurisdiction over the 
Witham, and for drainage an over the lands adjoin- 
ing it between Grantham and the sea, exclusive of the 
commissioners of the smaller drainage districts. If we 
included them the above number would be doubled. In 
the first large district below Lincoln there are eight sets 
of commissioners. The ratepayers and others whom they 
represent all suffer periodically, some to a disastrous extent, 
from the present statejof the river. Yet these heterogeneous 
bodies never have united for the purpose of making the 
main channels, in which they are all interested, contribute 
to their common welfare, instead of being, as now, a con- 
stant source of danger and loss. 

It is only by a long series of observations made at 
different points along a river channel that we can ascertain 
the maximum quantities of water which the different parts 
of the channel may have to convey. The quantity varies 
from day to day and from year to year, being, in the first 
instance, dependent on the rainf: The rate of flow is 
liable to be altered by the operations of man in tilling the 
land. The cutting of open drains and ditches and subsoil 
drainage for agricultural purposes, as well as the destruc- 
tion of waste and woodland, all tend to alter the rate at 
which the water falling on the land is conveyed to the sea. 
The observations — to ascertain the rate of flow are 
not likely to be e by local bodies elected for drainage 

urposes with partial jurisdiction, local interests, and 
imited funds. Until our rivers are placed under bodies 
who have wider interest and larger funds, and who will 
make systematic observations, we shall not know as nearly 
as we ought the quantity of water which the different 
parts of the river channels should be made to convey, and 
et this is among one of the first things which we ought to 

ow. I only know of one extensive set of observations on 
the flow of water in the River Thames, and they were 
for the purposes of water supply, and at one p only. 

The channel of a river, whether it be a channel excavated 
beneath the natural surface of the land, or a channel partly 





the land, should be large a ge convey all the water 
which systematic observation shown it may have to 
convey. Some riparian owners are of opinion that floods 
should not be prevented or only partially prevented, and as 
long as any part of our rivers are under the control of 
those who hold such opinions, their channels will not be 
made as perfect as they should be for drainage “ww 
It is generally held that grass lands are benefited by being 
id under water at times, but there must be a wrong time 
and a right,time for so treating them. As longas it is left 
to a chance flood to flow over the meadows, there will be a 
possibility of its happening at a wrong time. Given the 
water it will rarely be beyond the power of the engineer to 
distribute it by gravitation when it is wanted over 4 $4 
the — which are now ready to trust to floods for thei 
supply. 
(To be continued.) 





FOREIGN AND COLONIAL NOTES. 
Discovery of a New Mineral.—In examining a specimen 
of ore from the Silver Islet Mine, on the north shore of 
Lake Superior, recently, Professor Henry Wurtz discovered 
that it was a mineral unknown to the scientific world. He 
analysed it and found it contained large proportions of silver 
and arsenic mixed with iron, zinc, cobalt, and sulphur. 
He exhibited specimens of the new mineral before the New 
York Academy of Sciences, and gave to it the name of 
‘* Huntilite,”” in honour of Dr. T. Sterry Hunt, of Mon- 


Rails in the United States.—In 1872 the United States 
imported nearly 600,000 tons of iron and steel rails for their 
ilway system. Five years later, in 1877, the importation 
was reduced to 12 tons, the home production in that year 
having See to 760,000 tons, or more than the total import 
in 1872. The total fp me | of iron and steel rails manu- 
factured in the United States in the five years ending 1871 
was nearly 3,000,000 tons, in the five years ending 1877 
the total production had increased to over 4,000,000 tons. 
A Great Bridge Builder.—The death is announced of 
Mr. 8. J. Reeves, of the Great American rime agg me 
firm of Clarke, Reeves, and Co., of Phooni , Penn- 
sylvania. The Girard Avenue Bridge, in Philadelphia, one 
of the finest bridges in the United States, was constructed 
jd the firm, as were also the new iron bridge at Havre-de- 
, the International Bridge, at Black Rock, New York, 
and one at Albany. The greater part of the iron roadway 
of the New York Elevated Railroad was furnished by the 
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firm. The works have been for years under Mr. Reeves’ 
special supervision, and he has made himself thorougly ac- 
quainted with every branch of the business. Some years 
since he patented a column or tube, not rectangular, built 
of rivetted sections, to be used for the posts of bridges. 


Locomotive Ee y on the Eastern Railroad of Mas- 
sachusetts.—In the year ending September 3, 1878, the 
a cost of locomotive power per engine mile run on 
the tern Railroad of Massachusetts was 19.60 cents. 
This ‘included the expenditure for repairs, fuel, wages, 
cleaning, oil, waste, &c. The average distance run to eac 
pint of oil consumed was 20.75 miles; for each ton of coal 
consumed, 53.88 miles; and for each cord of wood con- 
sumed, 35.84 miles. 


A Third Rail on the Erie.—The third (standard gange) 
rail on the New York, Lake Erie, and Western Rai 
from Buffalo to New York, has been completed, and 
through freight trains have been put on upon it. Thirty 
50-ton locomotives and 3000 freight cars are in course of 
construction at Paterson for this line. 


J. F. Cail and Co.—The house of J. F. Cail and Co. 
has now not paid any dividend to its shareholders for 
two years. The turn over declined in 1878 to 280,0001., 
as compared with 440,0001. in 1877. 


Steel Rails in Germany.—The Westphalian Railwa; 
Company is about to let a contract for the delivery of 7 
tons of cast-steel rails, 


The Suez Canal.—In the last ten days of December, 49 
ships passed through the Suez Canal. The transit revenue 
co) in the same period amounted to 40,8001. 


Steel Rails in Pennsylvania.—Steel rails have been 
slightly declining in price in Pennsylvania of late. Sales 
— been effected to the amount of upwards of 20,000 

ns. 


A Monster Cotton Warehouse.—A project is on the 
tapis in New Orleans for the erection ofa pos road warehouse 
sufficient to handle 2,000,000 bales of cotton each season, 
anda site has already been selected for it, with a river 
frontage of about half a mile in length. The plan is that 
the warehouse shall be in ten divisions, and shall be built 
entirely of bricks with iron roofs, so that there will be no 
wood whatever in any part of the structure. Each divi- 
sion will be divided into sections, and each section furnished 
with storage cribs made of gas pipe, perforated with small 
holes, to convey hot air or water as may be necessary, and 
so arranged that every bale of cotton rests on the pipe and 

Every bale will be exposed to 





not upon any other 
view, and any bale can be taken out without moving any 
other. The cotton will be taken out by travelling by 
draulic cranes. The yards will be covered with glass roofs, 
and the entire level, from the warehouse to the front of 
the wharves, will be covered by an iron roof. There will be 
eight presses, each capable of turning out 2000 bales of 
compressed cotton every twenty-four hours, or 16,000 
bales altogether. 


Locomotives on the Bombay, Baroda, and Central 
India Railway.—The authorised locomotive stock of the 
Bombay, Baroda, and Central India Railway Company 
ge as — at the close of J } pes : hoe oy engines, 

3 goods an engines, 39; an engines 
hw « eo = a at the same 

te was 9 tank engines, 39 g: and passenger engines, 
and 33 tank engines, making a total of 81. Of these 70 
engines were in running order at the close of June, 1878. 


New South,Welsh Railways.—The Legislative Assembly 

of New South Wales has to a resolution affirming 

the importance of constructing a line from Sydney to join 

the Great Northern Railway of New South Wales at a point 

= be — after a survey of the available routes has 
m e. 


Fuel on the Bombay, Baroda, and Central India Rail- 
way.—The-consumption of fuelon the Bombay, . 
Central India Railway in the first half of 1878 was 
49.96 per train mile, as compared with 49.54 lb. per train 
mile in the second half of 1867. The small increase observ- 
able appears to have been duo to a slightly greater at 
weight of train in the first half of 1878, viz., 30.2 vehicles 
per train per mile as compared with 29.92 vehicles per train 
per mile in the second of 1877. 


Steel Rails on the Boston and Main Railroad.—In the 
course of the year ending September 30, 1878, the Boston 
and Maine Railroad Company laid rather more than 
164 miles of steel rails upon its system. company 
— miles of steel track at the close of September, 








New Gravine Docks.—An addition has been made to 
the graving docks on the River Tyne by the construction of 
a new dock, the property of the Mid Dock Company, 
South Shields, who successfully docked a ship on 
November 30th last in it. The dock is of the following di- 
mensions: Length of; floor, 270 ft.,; width of floor, 
50 ft.; width at coping, 62 ft.; width of entrance, 
50 ft. ; depth of water on sill at spring tides, 19 ft. The 
entrance, side walls, and floor are of cement concrete, 
and the foundations are carried down to the rock. The 
invert is faced with ashlar masonry, and the groove for the 
caisson is cut of solid ashlar blocks. To the greatest 
possible length in the confined space, the dock is taken at 
an acute angle to the river line and the invert is built on 
the ae. the caisso! cd ag iron and 7 #.. ft. long over 
all. For emptying the a cen’ pump was 
supplied by . G and Co., ea a Strand, 
London, capable of discharging 2000 
i The dock was and 


r minute. 
Mtr. W. E. Jackson, conti , Newcastle-on-Tyne, 





for whom Mr. 0. A. F. Gregson acted as resident’ engi- 
neer, . 
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PRICH LIST OF MATERIALS. 





Tuurspar, Jan. 16, 1879. 
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THE HOTCHKISS REVOLVING 
CANNON. 
(Continued from page 26.) 

WE may now proceed to consider some of the 
official trials made with the Hotchkiss revolvi 
cannon, the construction of which and its mode 
working we have already described, and it will be 
convenient to commence with the latest and per- 
haps the most important conducted by the Dutch 
Government at Helder last September. These 
trials were conducted by the Commandant of Naval 
Artillery, Kruys, and in his report he points out what 
qualities, in his opinion, an arm — for pro- 
tection against to: o attack, sho possess. 
These qualities me be summarised as follows: 
The gun should be able to direct a rapid and true 
fire, not only on a fixed object, but on one in 
rapid motion, and its _——— should be heavy 


enough to penetrate the pe eed torpedo 
boats and similar vessels. [t should be able to destroy, 


half of the ballasted shells through the oak, 
whilethe pe wemlee ro in the target. rar ae 
shells all oded in — some fragments 
remaining ‘in it, but most of them passed h. 
A few of the unloaded shells which did not pene- 
trate, were found curiously enough in a 
ition, that is to say, with the points facing the 
Front of the t where the projectile had entered. 
With a e of 4600 ft. loaded and ballasted ehells 
freely through a plate .315 in. thick, when 
the latter was either vertical or at angles of 
80 deg. and 48 deg. In the former case the holes 
unched were circular, in the latter they were oval. 
The loaded shells all burst either in — through 
the plate, or after penetration. ith the same 
range the ballasted shells also passed through the 
— = — on Ss wag thy ap —_ of tests 
embraced, firing against plates .315 in. thick ; against 
oak target 3.94 in, and 11.8] in, thick ; ricochet fire 
on water and the ground; and firing into earth- 





works, In the ricochet practice it was observed 

















disable, or force to retreat any small attacking boats, 
particularly those of the torpedo class, It should 
prepare or protect by a sweeping and ceaseless fire 
the embarkation or disembarkation of troops, and it 
should be capable of anne: 0 destructive con- 
fusion on board an enemy’s ship at short ranges. 
Facilities for easy and rapid training are essential, 
and the initial velocity of the pa must be high 
to obtain, combined with cient weight, the 
requisite penetrative power. Asa boat gun, or for 
protecting embarkations and disembarkations, a shell 
projectile is the most useful, as pees the 
test effect amongst a body of men, while 
probably steel shot would be preferable in firing at 
torpedo boats, on account of their greater penetra- 
tive power. How far the Hotchkiss complies 
with these numerous conditions will seen 
the trials recorded below. The gun was fired, first 
on board the De Hors, and afterwards on the Guinea. 
The powder charges (powder No. 1, 1877) were care- 
fully measured, the empty shells were ballasted with 
a mixture of sand and sawdust, and closed with a 
fuze, or a plug of the same form and weight as the 
fuze, These trials gave the following results : 


ft. in 

Angle of elevation wen iis a 112 
Initial velocity at muzzle... aes - es 
os ~ 764 ft. from muzzle... = : 


The wind, which was variable in direction and 
force, sensibly affected the projectiles not only 
laterally, but also as regarded the range. The 
following Table shows the results obtained with 
rapid fire : . 











my “ Mess 

im é 6 Deviation. 
i By % § Size of Target. ‘ 

=| °; as a : 
g | a8 | as | 8s Es| £3 
ft. sec. ft. in. ft. in.| in. in. 
1640 | 20 47 15 | 16 4x16 4 | 43.74 | 38.58 
1640 | 20 30.5) 16 | 16 4x16 4 | 41.93 | 64.37 
2952 | 20 63 11 | 16 4x16 4 | 32.28 | 29.92 
2952 | 20 60 14 | 16 4x16 4 | 35.82 | 50.00 
4593 | 20 80 14 | 32 8x16 4 | 27.16} 35.48 




















In order to test the penetrative ag of the mre: 


jectiles a series of rounds were against 
ts 11.81 in. thick, with empty and loaded shells, 
and against iron plates .31 in. thick, some of them 





vertical, and others inclined from 30 deg. to 48 deg. 
from the vertical plane. Witha range of 2952 ft., one 





that most of the shells burst at the first ricochet, 
and some, especially at short on the second 
fall, while a very small proportion «id: not explode 
at all. With ranges between 1000 and 2000 yards, 
and ricochet firing on the d, only one explo- 
sion in ten took place. ese projectiles with a 
500 yards’ range, fired against an earthwork, ex- 
ploded after penetrating 29.5 in. They produced 
only insignificant effects on the face of the work. 

e most interesting portion of these Dutch trials 
were those to ascertain the value of the Hotchkiss 
gun in repelling an attack of torpedo boats. For 
this purpose a age corresponding in form and di- 
mensions with a Thornycroft torpedo boat was pre- 
pe It was built up of a wooden framework, 

aving canvas stretched over it to represent the side 
of the vessel. This target was placed on a raft, 
which was anchored. The gun was mounted on 
board the Guinea, and the various experiments 
were made. The following are the dimensions of 
the target: 


ft. 
Total 1 7 5 
wath ate abe wr 6 1 
Height above water line, forward 0 39. 

3 Me oo eos 0 27.5 
Length of cabin ... 42 7% 
Width ,, ee eis 0 53.15 
Height ,, above deck 0 25.6 

i of conning tower 0 25.6 
Diameter a 7 0 27.5 
Height of chimney 0 41.33 
Diameter ,, 0 17.22 


First Series. Fig. 27.—The Guinea was anchored 
at a distance of 1968 ft, from the target, the latter 
presenting a broadside. There were 24 rounds fired 
in 80 seconds, of which 12, or 50 cent., took 
effect, six in the cabin and six in the hull of the 
boat, as shown in Fig. 27. There were in addition 
the marks of 40 fragments of shells, which had 
burst in ricochet, and been scattered against the 


t. 

Series. . 28.—The Guinea was. anchored 
as before, 1968 ft. from the target, the axis of which 
formed an angle of 50 deg. with the line of fire. 
Twenty-eight rounds were fired in 90 seconds with 
20 hits, of which one was in the chimney, four were 
in the cabin, and fifteen in the hull, as shown in 
Fig. 28. There were as before numerous traces of 
shell fragments due to ricochet explosion. The 
P tion of hits to total rounds Ree Pe tee 

t should be mentioned that after the series, 
the base on which the gun was mounted became un- 
steady, and interfered with the of fire. 


Fis 


second series was normal to the line of fire ; 
was calm, but there was bright a 
towards the target and im the vision. 

Third Series. Fig. 29.—BSo far the trials 
from a fixed platform at a fixed object. 
mainder refer to firing at a m object, 
for the sake of convenience of with 

tform. The Guinea took up a 
rom the target, which was laid to form an 
30 deg. with the line of fire. Atthe above distance 
firing was commenced and continued till the “4 
touched the target, advancing with a speed of 1 
knots, and in a straight line. Forty-six rounds 
were fired in 2 minutes 30 seconds, 28 hits being 
made, of which 14 were in the cabin, and 14 in the 
hull, as shown in Fig. 29. In this instance the sea 
was broken, and there was a fresh wind. 

Fourth Series. Fig. 30.—Under similar conditions 
the Guinea opened fire with a pray ot 2444 ft, with 
the intention of continuing as before up to the 
target. When within 500 yards, however, an 
imperfect cartridge interfered momentarily 
the action of the gun, and rendered the 
imperfect, During the run of 800ft. 20 rounds 
were fired in 1.5 minutes. Twelve hits were made, 
of which one was in the chimney, seven were in the 
cabin, and four in the hull, as indicated in Fig. 30, 
the — of hits to total shots being 60 per 

umerous traces of shell fragments were 
also visible. 'The sea was more broken than during 
any of the other trials. 

Fifth Series. Fig. 31—The direction in this trial 
given to the Guinea was almost end on to the target. 
The slight movement of the atter, as well as of the 
ship, brought the line of fire on both sides of the 
target. As in the fourth series, fire was opened at a 
distance of 2444 ft., and continued close up to the 
target. The speed of the Guinea was 10 knots an 
hour, The m cables of the raft were cut at 
long range by the projectiles, so that considerable 
movement was given to the target. ‘There were 
53 shots find in all, during 3 min. 15 sec., giving 
41 direct hits, or a proportion of 77.4 per cent, 
rounds struck the chimney, 15 were received by the 
cabin, and 26 by the hull, 

The official rt to the Dutch Government, 
whence we have obtained the f ing details, con- 
tains a number of deductions which may be briefly 
summarised. With regard to the itself Com- 
mandant Kruys arrives at the following conclusions ; 
The gun is of simple construction, not easily 
deranged, and easily kept in order. Its lightness 
makes it well adapted for boat as well as on 
board ship, where it can be easily transported, and 
placed quickly in any desired position. For this 
purpose simple brackets only are necessary, and six 
men can with ease remove the gun from one socket 
and replace it elsewhere. Its accuracy of fire is 
remarkable, the mean deviation being very small, 
even at longranges. The penetrating power of the 
projectiles is very satisfactory, since even at lon 
ranges they can penetrate the hulls and bulkheads 
any class of 0 boat. The means adopted for 
training both horizontally and vertically are so 
efficient, that the gun can be fired with precision 
at a rapidly moving object, and the direction of fire 
can be changed with each round, and with so much 
rapidity that after a short practice 20 shots a minute 
can be fired against a moving object, the gun being 
sighted between each round, 

Judging from the trials we have recorded, Com- 
mandant Kruys considers that against these guns a 
daylight attack by torpedo boats could not have the 
smallest chance of success, while the danger would 
be so t and useless, that such an attempt would 
scarcely be made, Four such guns are absolutely 
necessary to protect a ne igen sides, and to secure 
the impossibility of any boat approaching without 
entering the zone of one or other of the guns. 

The following objection, the same gentleman 
proceeds to remark, may be ur, against the 
stem. During one of the trials on the Guinea, 
e gun had to cero account of one of the 

i proving defective. The proportion of 
missfire to discharges was found to be about 1 
cent. Beyond rendering one of the barrels idle - 
ee Etat so no harm is done, the cartridge 
is wi wn when it comes beneath the extractor 
and the barrel is againready. A defective cartridge 
may be a more serious matter, since it may stop the 
of the gun, It would probably arise from the 
projectile being embedded too deep in the cartridge, 
which might prevent the cartridge from en 


j 


Hn 
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The direction of the wind during the first and 


completely into the barrel. Such an accident woul 
probally Unigen to the cartridge after it had left 

































































64 


ENGINEERING. 


[JAN. 24, 1879. 





the factory, and care bas, therefore, to be taken of 
them to prevent any such deformation. In the con- 
clusion of his report Commandant Kruys recom- 
mends a few trifling modifications in the gun; 
amongst others to the stock, which he finds should 
be extended below to give a greater bearing surface. 
We shall take an early occasion to refer to some 
other trials carried out with the Hotchkiss cannon 
at Pola, by the Austrian Government. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue annual general meeting of the Institution of 
Mechanical Engineers— its thirty-second anniversary 
meeting—was held in the hall of the Institution of 
Civil Engineers upon Thursday and Friday of last 
week, ‘Lhe first part of the meeting was devoted 
to business connected in great part with the regis- 
tration of the Institution as a limited company 
(with leave to omit the word “Limited” from its 
title), which the President announced as being now 
complete. After the secretary had read the report, 
which was of a very satisfactory kind, the results of 
the ballots for officers and members, were announced, 
Mr. John Robinson was re-elected as President, 
Messrs, I, Lowthian Bell and Charles Stewart as 
Vice-Presidents, and the five places in the Council 
vacated according to rule were filled by Messrs. W. 
Anderson, T, R. Crampton, J. Head, J. Penn, and 
W. Richardson, The alterations to the bye-laws, 
of which copies had been sent to members, were then 
put from the chair, and carried unanimously with 
an amendment (proposed also from the chair, as 
recommended by the Council) — that the 
treasurer, although elected by the members, should 
hold office at the discretion of the Council. It was 
thought wise that the Council should preserve this 
power over its most important financial officer. The 
pro new bye-laws were then put from the 
chair, but one of them (No. 31) gave rise to a good 
deal of discussion. This bye-law provided that 
members might compound for their annual subscrip- 
tions by a single payment equal to fifteen years’ 
subscriptions. Mr. Hulse objected to the fifteen 
years as being considerably too long, and moved an 
amendment for its reduction; Mr, Hawksley, on the 


other hand, objected to the principle of compound- 
ing subscriptions altogether, and moved the entire 


omission of the bye-law. Mr. Price Williams 
seconded the one and Mr. Arthur Paget the other 
amendment, and several other members took 
in the discussion. The President explained that the 
period (fifteen years) proposed by the Council fairly 
represented, he believed, the usage of other similar 
institutions,- the Institution of Civil Engineers 
having siwteen years. They did not wish to make 
somgouning so cheap as to induce any large 
number of members to avail themselves of it, but at 
the same time they wished that it should be left 
possible, perhaps mainly on the ground that it was 
a convenient form in which benevolently disposed 
friends, in the cities in which the Society met, could 
make it apresent. Mr, Hawksley’s amendment was, 
however, carried by a majority, so that it is now de- 
cided that compounding shall not be admissible. 
The President next moved a resolution, of which 
notice had been given, “that the Council be 
authorised to expend a sum not exceeding 300/. out 
of the funds of the Institution during the year 1879, 
for the p of promoting practical research in 
mechanical subjects.” This also gave rise to some 
discussion, Mr. Hulse moving an amendment to the 
effect that the grant should be spent upon the pre- 
paration of ‘‘a new Fairbairn” or a “ text-book on 
mechanics” under the auspices of the Institution ! 
This somewhat remarkable idea, however , happily 
did not find even a single poppe, so that the 
amendment was not put. Mr, D. Adamson was the 
only member who opposed the resolution, which he 
did apparently upon quite general, although not 
very intelligible grounds; the resolution was, 
however, carried without a divisicn, the President 
explaining that it was proposed to put the matter in 
the hands of a special Committee, not composed at 
all exclusively of Members of Council, and perhaps 
even containing gentlemen not members of the 
Institution at all, if it were thought desirable. Some 
notion having arisen, owing to a misapprehension, 
that the subjects which it was to investi- 
gate during the were already fixed, Mr. Robin- 
son explained afterwards that this was not so, but 
that a circular inviting ions on this point would 
be sent shortly to each member of the Institution. 
Before proceeding to the reading of the papers 


announced the President stated that the Institution 
had received and accepted a very cordial invitation 
to Glasgow from the Institution of Engineers and 
Shipbuilders in Scotland, and that, therefore, the 
summer meeting of the Institution would be held 
in that city, probably commencing on Tuesday the 
5th of August. 

Captain Douglas Galton’s third paper on “ The 
Effect of Brakes upon Railway Trains,” which was 
to have been read at this meeting, was postponed, 
the author not having been able to get all the results 
worked out in time. ‘The President, in stating this, 
said that he hoped that they might be able to have 
brought also before them at next meeting the results 
of experiments with the Smith brake as well as 
with the Westinghouse, so that the matter might 
be more fully discussed. 

The only paper read upon Thurscay was one by 
Captain C. O. Browne, R.A., on ‘+The Con- 
struction of Armour to resist Shot and Shell,” which 
we fprint in full upon page 69. Upon the con- 
clusion of the reading of his paper Captain Browne 
said that the projectiles used in the Spezia experi- 
ments were chilled cast-iron ogival-headed shot (cast 
point downwards, the head in a chill, the upper part 
in sand) made by the Elswick Company, and prac- 
tically similar to our own service shot. He ex- 
plained also that there were two series of experiments 
which were still in progress, unfinished, and of which 
consequently he had been unable to obtain results to 
embody in his paper. Of these experiments one | 
series was being carried out with a view to the de- 
termination of the best shot for penetration purposes. 
It was worth mentioning that in these experiments one 
9 in. steel shot of Sir Joseph Whitworth’s had been 
three times through 12 in. of iron, and was still a good 
shot. The second series of experiments was upon 
the use of coa/ for protecting unplated vessels. He 
quoted from the Zimes’ report of some of these ex- 

eriments that a shot from a (light) 7 in. gun of the 

loodhound did not suceeed in getting through 10 ft. 
of coal, in which were two # in. plates. The shot was 
115 lb. weight, and its initial velocity not greater than 
1400 ft. per second, it might, therefore, have gone 
through about 8 in. of solid iron. The coal had not 
been set on fire by the bursting in it of shells. 

Dr. Siemens said that he had been present at the 
Nettle experiments described by Captain Browne. 
He had come decidedly to the conclusion that com- 
pound plates of steel and iron would zo¢ give the 
results expected of them. One or other of two 
things must, he thought, take place; either the 
metals must separate, or the weaker must be torn 
in pieces by the stronger. This was borne out by 
the great injury (amounting sometimes to actual 
powdering) done to the iron when the shot had 
actually penetrated to it. The screwed plugs in the 
Whitworth plates, instead of stopping cracks 
already started, seemed actually to have become 
themselves starting points for cracks in all sorts of 

itions. It was always exceedingly undesirable to 

reak the continuity of steel in any way whatever, 
if it could be avoided. By a new method of con- 
struction (the use of rings of tempered steel) he un- 
derstood that Sir Joseph had succeeded in gettin 
over this difficulty, but the workmanship requir 
for these plates remained so exceedingly fine, that no 
one but Sir Joseph could actually execute it. Of 
course a Palliser shell striking a hard steel surface 
would be broken into a thousand pieces, but a pro- 
jectile was so much easier to handle and work than 
a plate that it would always be — to get it of 
superior material. So it would be of no use to 
attempt to make the armour such as would smash 
the shell, attention should rather be given to 
making it so that it could take up a maximum 
quantity of work, by yielding a minimum injury. 
He ‘thought that from this point of view the 
Shoeburyness target as strengthened (four plates of 
iron, each 64 in. thick, sandwiched with 5 in. layers 
of teak) was constructed upon satisfactory principles. 

Mr. Hulse asked whether, with such a target, the 
effect of a flat-headed shot fired ob/iguely would not 
be very much greater than of an ogival-headed pro- 
jectile, and also whether the fact that the wrought- 
iron ‘“‘cap” mentioned by Captain Browne had a 
flat front—not being pointed like the shot—had any- 
thing to do with the results obtained by it. 

Captain Colomb, R.N., said that he could only 
speak of the matter from a naval point of view, and 
not from a technical one. It appeared that in a 
wrought-iron plate the work done by the shot was 
done chiefly in the direction of its path, while in a 
steel or a chilled plate the work was done to a great 











extent at right angles to that direction. From his 


point of view the latter was by far the least objection- 
able. He did not expect to suffer much from racking 
on board ship, for it was very unlikely that two or 
more projectiles would strike the vessel so nearly at 
the same point that. the later ones would hit on a 
place weakened by the first. So even the results 
got at Spezia, where a portion of a front plate had 
come clean away, would not be fatal, for no other 
shot would be likely, in a real action, to strike the 
weakened place, while after the action the vessel 
could have it repaired easily before doing duty again. 
As to a ship being set on fire, even when the armour 
was capable of preventing it, still all vessels had a 
large unarmoured area, and these could be set on 
fire even by a very small shell. In reference to the 
question of oblique fire also, mentioned by the 
author, the fact is that as ships in action are con- 
tinually in motion, it must assumed as quite 
possible, in every case, that sooner or later an enemy 
will get an opportunity of firing at the whole broad- 
side of every vessel. 

Captain Douglas Galton said that Sir Joseph 
Whitworth had recently mentioned to him the result 
of experiments made by firing Palliser shot at a hard 
steel plate. Where the backing of the target was 
very stiff, the shot was simply broken up, crumbled 
to pieces, but when afterwards the plate was backed 
by a huge, but comparatively yielding mound {of 
earth, the whole target was driven back 18 in., and 
the shot had penetrated considerably instead of 
being destroyed. The difference seemed to be 
really one of the time over which the shot’s action 
was distributed, the shock being rendered much less 
sudden by the motion of the target. Might not the 
extraordinary effect of putting a wrought-iron cap 
on the hard shot, described by _— Browne, be 
explained in some analogous way 

r. Price Williams asked how the author recon- 
ciled the opinion which he still held that it would be 
better to use wrought-iron plates in front of steel 
ones, with the results of these experiments with the 
wrought-iron cap? In reference to the same point, 
Mr, Arthur Paget made the ingenious suggestion 
that the wrought iron cap might actually act as a 
lubricant to the shot. He pointed out that we knew 
from Tresca’s experiments and others, that wrought 
iron, like other metals, would flow under pressure, 
and also that the greater the pressure between any 
two surfaces, the thicker and more viscid the lubri- 
cant must be. Could it be that the cap was actu- 
ally acting as a very viscid gréase to facilitate the 
entrance of the shot? Mr. Paget also pointed out 
that in some of the di ms the way in which the 
shot appeared to have fractured rather looked as if 
the back end of it had been jumped up on striking 
the target, and so torn off as the shot entered. Was 
this actually the case? If so, then obviously it be- 
came important that the thickness of the armour 
should at least exceed the length of the shot to be 
fired against it. If not, does it not seem as if we 
were being driven to the use of armour like a kind 
of semi-earthwork, to absorb the energy of the shot 
gradually? He quite with Dr. Siemens that 
we required a metal not only ductile but cheap ; 
steel, pretty nearly as dear as silver, was not, after 
all, the sort of thing that we could afford to armour 
vessels with, however perfect it might be as a 
material. 

Mr, Daniel Adamson regretted very much that 
the author had not given the composition of the 
various materials which he had mentioned. To 
speak of * steel” simply without any qualification or 
explanation, really left us quite in the dark as to 
what material was really meant. The results of 
the experiments:must be considered quite incom- 
plete, and their usefulness much diminished, without 
many more particulars as to the real nature of the 
materials employed. He thought that the cinder in 
wrought iron had probably a great deal to do with 
the stoppage of cracks in it by preventing their 
extension in the same way as it been hoped the 
screw plugs in Sir Joseph Whitworth’s steel plate 
would have done. In mild steel there was no 
cinder ; but still he thought such a soft and ductile 
metal ought to serve well for armour plate. 

In reply, Captain Browne said that the taking up 
of energy comparatively slowly by the target in such 
a case as the Shoeburyness target approved by Dr. 
Siemens, had been accompanied by the bending of 
the target. It became a question how far one would 
be willing to allow a ship's side to bend in order to 
save it from penetration. In reference to Mr. 
Hulse’s question, any shot striking obliquely would 
either turn in or glance, and no doubt a flat-headed 
shot would turn in at a rather greater obliquity 
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than a pointed one, But the difference was small, 
and by .nO means sufficient to counterbalance the 
important advantages in point of penetration 

ossessed by the ogival-headed shot. The flat- 

eaded shot fired at a sandwiched target would 
make a clean round hole in any plates it penetrated, 
but the disc which it would drive out of each plate 
in front of it would offer a much greater resistance 
to further penetration than would be experienced b 
the pointed shot. He thought that if Captain Colom 
had seen the photograph of the Spezia targets he 
might have modified some of his conclusions as to 
the effects of the destruction of the steel plates; in 
some cases entire plates were stripped off. In re- 
ference to Mr. Price Williams’ question, no doubt 
there were disadvantages serious enough about an 
iron front plate, which might actjvery much on 
the iron cap on the shot acted, but as apparently 
the advantages of having the steel plate in front 
would be lost altogether by the use of iron-capped 
projectiles he still thought that the front plate 
should be iron, so as at least to prevent the absolute 
loss of the steel by breaking off which might other- 
wise occur. At Spezia there were two cases of the 
shot being jumped up in the way Mr. Paget sug- 
gested, and a similar thing had also occurred with the 
80-ton gun, this last being probably in the case of 
the hardest blow that had ever been struck by a pro- 
jectile. He could not give much information as to 
the composition of the steels mentioned ; not being 
an engineer it was not a point upon which he had 
felt competent to speak. Cammell’s steel was called 
‘‘ subcarburised,” and he believed that in the 
Nettle trials the plates Nos. 2, 3, and 4 contained re- 
spectively 0.013 percent., 0.057 per cent. and 0.064 per 
cent, of carbon. The Whitworth steel (plate No. 1) 
had been cast under pressure. A vote of thanks 
having been passed to Captain Browne, the Thurs- 
day’s meeting concluded. 

There was but a very small attendance at the 
meeting on Friday, the first paper read at which was 
an interesting description of the Heslop engines, by 
Mr. H. Allason Fletcher, of Whitehaven. We shall 
print this paper in extenso next week ; it did not lead 
to any discussion. One of Heslop’s engines is now 
to be seen, we understand, at South Kensington, 
where it will certainly well repay, from an historical 
point of view, an examination, 

The only remaining paper was one by Mr. R. Price 
Williams, on ‘Economy of Railway bdr a 
This communication, which was accompanied by 
diagrams as well as by numerous statistical Tables 
which we shall print with it next week, was ex- 
plained by its author to be intended primarily asa 
reply tothe paper of Mr. Conder’s, in which it had 
been argued that the railway companies were 
carrying on their goods traffic at an absolute 
loss. Mr. Williams followed it up by saying 
that since it was completed he had been able to 
work out on a similar basis the returns of the rail- 
ways south of the Thames, of the metropolitan lines, 
and of the three principal mineral lines. The follow- 
ing are the results, in a tabular form, of this work, 
which appear quite to confirm the views taken in his 


paper: 





























Proportion to the whole Loco- 
motive Expenses of : 
Passenger Goods 
Locomotive Locomotive 
Expenses. Expenses. 
per cent. per cent. 
Railways south of Thames 75 25 
Metropolitan and Metro- 
politan District lines... 83 17 
Mineral lines, viz.: Taff 
Vale, Maryport, and Car- 
lisle and Furness... ose 24 76 
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. per cent.| per cent. |per cent. 
Railways north of Thames...| 54 57 52 
” south 9 . 52 53" 50 
Metropolitan railways 46 47 42 
Mineral railways 44 61 41 











The author said that he had now dealt with $4 





per cent. of the total railway mileage in the country 
(or 88 pér cent. considered as single lines) and con- 
sidered that he was justified in thinking his own 
view (that the traffic was the best paying 
fully borne out by his investigations. He poin 
out also that the ratio of goods receipts to passenger 
receipts had for a long time been continuously in- 
creasing on the Great Northern, London and North- 
Western, and Midland lines. His diagrams, the 
most detailed of which referred to the Great 
Northern line, showed very distinctly the effect 
upon it of the abolition of the second class by the 

idland in 1872. Since that time the Great 
Northern first-class receipts have remained almost 
constant, but the second-class have fallen off very 
greatly, while the third-class have increased enor- 
mously. The author stated that the same thing had 
also occurred on a number of other lines, even 
those which might be supposed to be least con- 
nected with the Midland. 

Mr. Conder was unable through illness to be 
resent at the meeting, but the secretary read a 
letter which he had written after reading Mr. 
Williams’ paper in proof. He said that the only 
real investigations made in the matter showed that 
the speed of trains had no perceptible influence on 
the wear of the rails upon which they were working. 
The wear in the cases cited by Mr. Williams was 
probably due mostly to the action of the brakes 
rather than to the increased speed. He argued 


generally against the acceptation of Mr. Pricé 


Williams’ ‘‘speed-tons,” and in particular against 
the assumption of a speed of 20 miles an hour as an 
average for goods trains. This, he thought, ought 
to be something more like 12 miles an hour, if taken 
between termini, but the alteration would entirely 
upset Mr. Williams’ results, in which, therefore, 
he still could not believe. 

Captain Douglas Galton said that although Mr 
Williams’ opinion was certainly based on carefully 
examined evidence and experience, he yet could not 
feel by any means satisfied that increased speed 
was really such a cause of increased wear to the 
rails, The cases he cited were all those in which 
the action of the brakes came into accountas well as 
the increase of speed, and the wear might be due more 
or less to the former cause. It was not very en- 
couraging tosee (from the diagram) that while the 
Great Northern Company’s net receipts had been 
nearly constant since 1871-72, the working expenses 
had gone on increasing considerably. No doubt the 
improvements as to accommodation and: security 
now demanded by the public let the companies in 
for a great increase of expenditure; he understood 
that the adoption of the block system alone had in- 
creased the expenditure of the Midland Company by 
from 15,000/. to 20,000/. per annum. He had always 
considered the third-class traffic to be the most valu- 
able and developable part of the passenger traflic of 
a railway, and Mr. Williams’ diagrams quite justified 
this view. He believed a still greater increase of 
third-class profits would result from the adoption 
of still much lower third-class fares than those at 
present charged. 

Mr. Bergeron said thatin his experience in France 
he had often noticed that small branch lines could 
be worked much more cheaply by small local com- 

ies than was possible after their absorption into 

r main line companies, which so often occurred. 

He wished that the French railway companies 
would take to heart the lesson to be learnt from the 
relative importance and success of third-class traffic 
on the English railways, and do something to 
develop that portion of their business instead of 
treating third-class passengers as they do at 


present. 

Mr. Price Williams, in reply, stated that his 
Fat were obtained by the careful averaging of 

jagrams plotted to give the actual ascertained 
speeds of goods trains (a copy of one of these dia- 
grams was shown), between termini, and allowing 
for all stoppages, and he believed there was no 
doubt that the speeds he had taken were correct. 
He saw no reason for giving up the ‘‘ speed-tons,” 
but even had this notion to be abandoned, he be- 
lieved the heavy traffic-would still show a profit, 
the margin which he had made out was so large. 
He looked to the further adoption of steel rails as 
one great source of Samra in the se = 
quite agreed with Captain Galton as to third-class 

third-class 


traffic ; the were ‘‘ the geese 
whieh laid the golden: While the average 
profit on a passenger was about 20 per 


cent. of his fare, that on a-third-class- 
about 75 per cent. ;" the average thi 





over the kingdom being about 1s., and the average 
cost per passenger about 3d. The notable reduc- 
tion in the cost of locomotive power on the Great 
Northern and London and North-Western Railways 
which was shown in the diagrams, and about which 
Mr. Paget asked a question, was simply due to 
more careful and better working; it was quite 
marked from 1873-4 to the present time. 

In proposing a vote of nks to Mr. Williams, 
the President expressed a high sense of the value of 
the statistics which he compiled, and of the 
trouble which he must have taken in getting them 
together ; a copy of the paper should be sent to the 
Board of Trade. He was sorry that more railway 
people were not present to discuss the paper, but 
they would not be the less indebted to Mr. Wil. 
liams that they had thought it more judicious to 
read it at home than to discussitin public. In con- 
clusion, he proposed a vote of thanks to the Insti- 
tution of Civil Engineers for the use of their meet- 
ing and council rooms, which being very heartily 
carried, the meeting came to an end. 





HYDRAULIC MACHINE TOOLS AT THE 
PARIS EXHIBITION.—No. III. 

In a former article of this series (vide page 61 of 
our last volume) we described several types of Mr. 
Tweddell’s portable hydraulic rivetting machines 
éxhibited at Paris, and we pointed out how these 
machines have completely revolutionised the method 
of rivetting structures which are either too large 
or too heavy to be conveniently carried to the 
rivetting machine. ‘The various devices and ar- 
rangements which we have already illustrated 
show how difficult a problem it has been to 
successfully apply practically even water power, 
with its high working pressures, and how im- 
probable it is that any other known method of 
obtaining the requisite power is likely to be success- 
fully applied. But in carrying out the system of 
hydraulic rivetting, not only has it been necessary 
to design a machine capable of adapting itself to so 
many conditions as do the portable rivetters just 
referred to, but to provide convenient means 
of applying them to their work. This necessity 
has led to the designing of special arrangements 
of cranes, and two examples of these, which 
were exhibited at Paris, we now illustrate, These 
cranes, we may mention, were constructed by 
Messrs. Fielding and Platt, of Gloucester, their ar- 
rangements being the joint patents of Mr. Tweddell, 
of Westminster, and that firm. 

The crane which we illustrate by Fig. 1 on page 
66, wasin the exhibit under notice attached to a 
wrought-iron gantry; in practice it is usually 
secured either to the wall of the boiler shop or 
girder yard or to a post. It can be made to swing 
all round if desired, but when arranged as shown in 
our illustration, it can turn about three-fourths of a 
circle. The crane itself is made of channel and tee- 
irons, and may be of any usual construction; the 
water under pressure is supplied through a pipe 
carried up from the ground level to a point on the 
centre of the crane posts, and suitable joints placed 
at the end of this vertical pressure pipe allow the 
water to pass along a horizontal pipe laid on the 
= of the crane to a point about midway on its 
ength. Attached to the end of this pipe are two 
“‘ walking pipes,” the extreme points of these being 
connected to a travelling carriage. This carriage 
can be traversed the whole length of the jib, and the 
hydraulic pressure from the mains maintained all the 
time by means of the walking pipes before de- 
scribed, 

Suspended from the centre of this carriage, and 
free to oscillate, is a hydraulic lift. In this lift 
moves [a suitable piston, to the rod of which is 
attached the portable rivetter being worked. It 
will be seen that by this very ingenious combination 
the portable rivetter can be moved and applied to 
any point over a very considerable space. In the 
example illustrated the crane has a radius of 28 ft. ; 
thus, if the crane pillar is placed against a wall, 
and with only a range through half a circle, a girder 
56 ft. long can be rivetted along its full length 
without having to disconnect or uncouple a single 
joint, and at the same time a vertical range is secured 
of 4ft. with the same advantages ; of course, when 
the jibisfree to describe a rs 8 circle, the rivetter’s 
range of application is doubled, and we have thus 
the somewhat interesting fact that a rivet can be 
ut in at any point within a space of 20,000 cubic 
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CRANES FOR TWEDDELL’S HYDRAULIC RIVETTERS, AT THE PARIS EXHIBITION. 
CONSTRUCTED BY MESSRS. FIELDING AND PLATT, ENGINEERS, GLOUCESTER, 
(For Description, see Page 65.) 
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TWEDDELL’S HYDRAULIC SHEARS FOR BARS AND RAILS, AT THE PARIS EXHIBITION. 
' CONSTRUOTED BY THE HYDRAULIC ENGINEERING COMPANY, ENGINEERS, CHESTER. 
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of this very important adjunct to the portable 
rivetter are numerous; amongst others, since the 
lifting is done by hydraulic power, it is no longer so 
important to keep down the weight of the rivetting 
machines themselves, hence very much larger ma- 
chines can be used, and larger and heavier work 
done. The lift is so arranged that the pressure pipe 
to the rivetter is dispensed with, as the water is 
supplied through the centre of the crane itself, and 
the hydraulic swivel suspending joint, shown in our 
former illustrations, is no longer required, as the 
piston of the crane allows this motion to be effected 
without it. The whole apparatus is extremely effi- 
cient and well worked out. 

Mr. Tweddell’s exhibits also included another 
arrangement of crane, which we illustrate by Fig. 2 
on page 66. But little description of this crane is 
required, since the crane proper and the hydraulic 
lift are} the same as those just described, except 
that the whole apparatus is movable on a travelling 
carriage. 

By means of a set of pipes placed horizontally 
underneath the carriage, similar to those between 
the traveller and the jibs on the crane just described. 
the whole apparatus can be moved along the groun 
for a space of 20 ft. without requiring any discon- 
necting or breaking of joints. is increases the 
entire range of the rivetter’s applicability to about 
30,000 cubic feet, and of course, by simply connect- 
ing to different stand-pipes at intervals, the 
whole area of a yard or shop can be covered. 
The advantages of this application are obvious ; 
the whole apparatus can be taken to any point in 
the yard, or can travel up and down a shop or yard 
as the work is ready to be rivetted, or it can be 
taken to a bridge to be used on the spot durin 
erection. Our readers will find illustrations an 
a full account of a more complete apparatus still 
for this latter purpose, where the boiler, steam en- 
gines, and pumps are also placed on the crane car- 
riage or traverse, in pages 117, 124, and 130 of the 
eighteenth volume of ENGINEERING. Several of these 
sets of rivetting plant have gone abroad, and are of 
course meant to be used where there is no other 
motive power convenient. The various cranes we 
are now describing are supposed to be applied in 





works where the pumps, &c., are worked from the 
shop shafting, and the a transmitted by means 
of hydraulic mains laid from the pumps and accumu- 
lator to that part of the shop where the hydraulic 
tools are for the moment required. 

Leaving the cranes, we have now to describe 
another of Mr, Tweddell’s exhibits, namely, the rail 
and bar shears constructed by the Hydraulic Engineer- 
ing Company, of Chester, and illustrated by us 
above, This apparatus differs in many respects from 
the other machinery exhibited by Mr. Tweddell. 
Some little time ago we describedia ENGINEERING (vide 
page 190, vol. xxv.), a direct-acting hydraulic press 
constructed on Mr. J. F. Taylor’s patent (a model 
of which was exhibited at Paris), and the apparatus 
we are about to describe resembles it in several 
features. The well-known device of obtaining a 
very high pressure on a small piston by applying 
steam or water at a lower pressure on a piston of 
large area attached to itisemployed. Toshear steel 
rails, as in this application, a very great power is re- 

uired to be exerted through a comparatively short 

istance, and while the high-pressure piston pre- 
viously referred to has a considerable stroke, the 
piston carrying the shear knife has only a very short 
one, co uently we have, if we may so term it, a 
system of hydraulic levers instead of wheels and 
pinions in order to apply our power in the best 
manner. 

Without discussing the relative merits of the 
different systems, it may be mentioned that in 
the case the machine we illustrate was designed to 
meet it was specified that no one part of the whole 
machinery should exceed 5 tons in weight, and also 
that this condition should be fulfilled without ne- 
cessitating any skilled labour to erect or put it to- 
gether on its arrival at its destination, the whole 
apparatus having to travel from depét to depét on 
a long line of railway in order to cut up old steel 
rails for scrap. The rail shears proper weigh about 
34 tons, and the pressure-generating apparatus about 
44 tons. From this it would seem that the adop- 
tion of this system was right under the circumstances, 
as a geared machine, with its engine to do the same 
work, would weigh from 16 to 18 tons. 

Our illustration is so clear that but little explana- 





tion is required. There is an automatic cut-off ar- 
rangement provided so that according to the work 
to be done the length of the stroke during which 
the full steam can be admitted, is increased or 
diminished. Thisis effected by means of a vertical 
stand-pipe placed alongside the steam cylinder. In 
the machine under notice there are three passages 
communicating between the two, a small stop- 
cock being provided on each. On ascertaining by 
actual experiment what quantity of steam it is ne- 
cessary to admit to shear the rails (in this case 80 lb. 
steel rails) the stop-cock in this passage entering 
the main cylinder nearest this point is opened, and 
on the piston passing this, steam flows into the 
vertical stand-pipe and closes a throttle valve on 
the main steam pipe ; on the return stroke of the main 
steam piston the throttle valve opens again auto- 
alates and returns to its former position. The 
ram carrying the moving knife on the rail shears 
is brought back by a coun ht, for simplicity 
any old rails or scrap being for this purpose. 
It will be seen that one pipe serves for both pressure 
and exhaust, and there is not a single hydraulic 
valve working under pressure in the machine, which 
is a very important consideration in machines made 
to work under such rough circumstances. 

For individual applications, we should think the 
above arrangement is likely to ve useful, 
especially for cutting up scrap, stamping, or shear- 
ing od work in out-of-the-way places or parts of 
wor 


LOCOMOTIVES AT THE PARIS 
EXHIBITION.—No. XIII. 
Tue Untrep States. 

TuE locomotive by which the United States were 
represented at the Paris Exhibition was one which 
underwent at the time a good deal of free criticism, 
on account of the h finish of many of its de- 
tails, and from the entire absence of any pretension 
to the special neatness of yee which is not un- 
naturally looked for in an exhibited engine. Al- 
though not very attractive to the eye, however, the 
locomotive was one which one a ae interest 
to man — connected wi ilway working, 
its leading eature being the peculiar construction 
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of the boiler, which is designed for burning small 
res hich hes bee introduced for thi 

whic nm introdu or this purpose on 
the Philadelphia and Reading Railroad, the con- 
struction of its boiler being one patented by Mr. J. 
E. Wooten, the locomotive superintendent of that 
line, Since the close of the Exhibition the engine 
has been set to work on the Northern Railway of 
France, and we hope in an early issue to be able to 
give an account of the experiments carried out with 
it. Meanwhile we propose to describe the engine 
itself, referring for that purpose to the two-page 
ey pe which we this week publish. 

exhibited at Paris the locomotive under notice 
had the cab placed on the top of the firebox casing, 
but the height over all being then too great for 
service on the Northern Railway, the cab has been 
shifted, a footplate being provided on each side of 
the barrel. Our engravings show the engine as 
altered. The firing is all done from the tender 
footplate, the fireman being thus separated from the 
driver. 

As will be seen from our illustrations, the engine 
has six coupled wheels and a four-wheeled truck in 
front, the diameter of the coupled wheels being 
4ft. 6 in,, and their wheel base 9ft.5in. The truck 
wheels are 2 ft. 6 in. in diameter, and the total wheel 
base of the engine is 20 ft. 4} in. ‘The cylinders, which 
are outside, are 18 in. in diameter, and the stroke is 
2 ft., the tractive force per pound of effective pressure 


per square inch on the pistons being thus axe 


144 1b. . The total weight of the engine in working 
order is 86,150 1b., of which 67,900 lb. rests on the 
— wheels, and a tractive force equal to one- 
sixth of the weight available for adhesion would 
thus be given by a mean effective cylinder pressure 

67,900 
of 

144 x6 

As in most American locomotives the valve chests 
are placed above the cylinders, the valves being 
driven through the intervention of rocking shafts. 
The cylinder ports are 15 in. long, the width of the 
steam ports being 1} in., and of the exhaust ports 
2% in, The valves have § in. outside lap, and no 
inside lap, whilst the maximum travel is 4} in, 
The friction of the valves is reduced by the use of 
hardened steel rollers on which they move. The 
eccentric straps are of cast iron, and the eccentric 
rods are very long and are cranked to clear the front 
coupled axle, The valve gear is, as will be seen, 
of the shifting link type, each expansion link being 
made in two parts bolted together through distance 
pieces at the end. The weigh-bar is of cast iron, 
and the rocking shafts and their bearings are also 
of cast iron, the arm at the inner end of each rock- 
ing shaft being cast in one piece with the latter, but 
the lever on the outside being of wrought iron and 
keyed on. Each rocking-shaft has a bearing 4+} in. 
in diameter by 1 ft. 4in. long, there being thus 
ample surface. The weight of the valve gear is 
balanced by the pull of a spring coupled to a lever 
on’ the weigh-har instead of by a counterweight. 

The cylinders are made of the best close-grained 
charcoal iron as hard as it can be worked, and they 
have lugs or brackets cast on them meeting at the 
centre line of the engine where the two cylinders 
are bolted together. The cylinders have loose 
covers at the rear, and are interchangeable right and 
left, The pistons are of castiron, and are fitted with 
brass rings filled with white metal, these rings being 
turned }in. larger than the bore of the cylinder, and 
being kept tight by their own elasticity, without the 
use of springs. ‘There are four guide bars to each 
cylinder, these guides being of steel and the cross- 
heads of cast iron, with white metal facings on the 
blocks. The connecting and coupling rods are of 
iron, the ends of the latter being fitted with solid 
brass bushes, and their bearings on the crank-pins 
being 4} in. in diameter and 4 in. long. 

The frames are of the regular bar type, but not 
forged solid as is the case with many American 
locomotives, each frame being formed of two rolled 
bars 5] in. deep by 1} in. thick, having the cast-iron 

estals or axle-box guides, in. wide, bolted 
tween them, so that the thickness of the 
won Fp: is the same as the depth, namely, 
59 in. « rolled bars just mentioned are straight 
from end toend of the engine. The axle-box guides 
are, as we have already said, of cast iron, and are 
3} in. wide by 1 ft. 94 in. long; they are fitted with 
adjusting wedges. It will be seen from our en- 
gravings that there are no hornplates properly so 
called, the axle-box guides themselves forming the 


=78.6 lb. per square inch. 


The engine was, in fact; one of a| by 





hornplates, and their lower ends being connected 
stays, as shown, diagonal stays also connecting 
thé bottoms of the rearmost and foremost guides 
with the main frame bars. 

The truck has a centre bearing, and its side 
frames are made of 3 in. wrought-iron plates, be- 
tween which are rivetted cast-iron axle-box guides, 
or pedestals, as they are called in America. Trans- 
versely the frames are connected by a wrought-iron 
transverse stay or bolster, the ends of which pierce 
the frames as shown, the bolster having in each frame 
a journal bearing 6 in. in diameter by 12 in. long. 
This arrangement gives flexibility to the truck, and 
enables the wheels to adjust themselves to an uneven 
track. 

The coupled wheels have cast-iron centres, and are 
fitted with cast.steel tyres 2f in. thick and 54in. 
wide, those on the front pair of coupled wheels 
being without flanges. The cast-iron centres are 
turned taper on the rim to fit the tyres, and the 
latter are secured by six 1}-in. bolts each, these 
bolts having conical — which enter conical 
cavities in the tyres, The truck has four cast-iron 
spoke wheels with chilled treads. 

The springs for the coupled axles are of spring 
steel hardened in oil, and their arrangement will be 
understood from our engravings. From these it 
will be seen that the springs for the front and 
middle coupled axles are placed over the axle-boxes, 
and are connected by compensating beams, but in 
the case of the rear axle, the springs are placed be- 
hind the axle-boxes, and are coupled to beams which 
pass over the latter, these beams being again con- 
nected by links and compensating beams with the 
springs of the middle axle. In the case of the truck 
the springs consists of india-rubber pads 10 in. long 
by 24 in. wide, by 3 in. thick, encased in brass boxes 
placed over each bearing. The truck axles have in- 
side bearings 4§ in. in diameter by 7 in. long. 

The construction of the boiler, which, as we have 
said, forms the most important feature in the en- 
gine, is clearly shown by the sections, Figs. 2 and 
4, of our two-page engraving. As will be seen 
from these views, the boiler has an enormous 
amount of grate surface, and a somewhat shallow 
firebox, which joins a combustion chamber extend- 
ing into the barrel. The front ring of the barrel 
has a diameter of 3ft. 9}in., and is made of jin. 
plates. Behind the second ring from the front a 
tapered ring is introduced, the hind part of the 
barrel having a diameter of 4ft. 6in., and being 
made of }in. plates. The two domes, placed one 
on the larger and one on the smaller part of the 
barrel, are each 1 ft. 10 in, in diameter by 2 ft. 4 in. 
high. The boiler shell is all of the best Pennsyl. 
vania coal-blast charcoal iron of flanging quality, 
and the joints are made with }} in. rivets placed at 
lyin. pitch. The firebox casing is of plates 3 in. 
thick, and it will be noticed that it spreads out 
laterally, so that it extends right over the frames 
and rear pair of wheels, its form in transverse sec- 
tion being shown by Fig. 4. From this view and 
Fig. 2 it will also be seen that the boiler is sup- 
ported at the firebox end by four vertical lin 
hinged to the frames and the firebox, so as to allow 
of the free expansion of the boiler. The rear plate 
of the firebox casing is, it will be seen, flanged out- 
wards instead of inwards, as is usual here, and the 
bottom ring between the firebox and casing is of 
channel section, and is independently rivetted to 
the firebox and casing. This is a mode of making 
the firebox ring which has been adopted to a con- 
siderable extent on the Continent, and although 
somewhat expensive it has many points to recom- 
mend it. Somewhat curiously, however, it has 
never, so far as we are aware, been adopted in this 
country except in a few cases. 

The firebox of the engine under notice is 8 ft. 6 in. 
long by 7 ft. 6% in. wide inside, the grate surface 
being thus no less than 64 square feet. The firebox 
is made of soft steel plates of such quality that 
they will not harden when heated to redness and 
suddenly cooled, the side plates being } in. thick, 
the crown and back plates ,%, in. thick, and the tube 
plate in. thick. The firebox joins a combustion 
chamber 2 ft. 11 in. long, as will be seen from 
Fig. 2, a firebrick bridge being built across the 
throat of this combustion chamber as shown. The 
firebox and combustion chamber are stayed both at 
the sides and crown by iron stay bolts } in. in dia- 
meter and placed not more than 4 in. apart from 
centre to centre. At the sides these stays are 
screwed into both plates and rivetted over at each 
end as usual, but in the case of the crown many of 
the stays are made with heads screwed close up 


against the crown plate, The stoking is done from 
the footplate of the tender through two firehole 
doors as shown, these fireholes being circular, and 
the openings being made by flanging the plates of 
the firebox and casing and rivetting them directly 
together, no ring being interposed. This is another 
detail of construction which has been adopted on 
the Continent. 

The tubes, which are 160 in number, are of lap- 
welded charcoal iron and are 2in. in diameter out- 
side and 10 ft. 2in. long. The grate is also partly 
formed of wrought-iron lap-welded tubes, these 
being disposed as shown in Figs. 2 and 4, the latter 
figure showing how the water tubes alternate with 
the ordinary firebars. The grate is placed at a 
slight angle, so as to facilitate the circulation of the 
water through the water tubes, and a plug is pro- 
vided in the back plate of the firebox casing opposite 
each water tube for the purposes of cleaning. It 
will be noticed that at each end the firegrate tubes 
communicate with the water spaces considerably 
above the level of the bottom ring, so that there is 
ample space below them for deposit. The water 
tubes of the grate are 2in.in diameter outside and 
are placed 44in. apart from centre to centre ; the 
firebars between them are of cast iron and are 
placed with their tops level with the centre lines of 
the water tubes. 

The chimney is 1 ft. 8}in. in diameter and 5 ft. lin. 
high from base to top, while the blast nozzle, which 
is placed at the bottom of the smokebox and dis- 
charges into a petticoat pipe, is adjustable from 4 in. 
in diameter as a minimum to 5in. as a maximum. 
This nozzle is Bolton’s patent, and consists of a 
number of elastic steel plates so arranged as to form 
the frustrum of a cone, these plates being encircled 
by a cast-iron ring, which can be raised or lowered 
so as to control the extent to which the elastic plates 
are permitted to open. 

The principal proportions of the boiler we have 
been describing are as follows: 


sq. ft. 
Heating surface: Firebox ... as ons 106 
Combustion chamber ... 26 
Tubes (external) ose 850 
982 
Firegrate area ... eon ine ove ons: ae 
Sectional area through tubes vn pom 2.82 
99 »,  Ofchimney ... ai eso 2.3 
Ratio of firegrate area to total heating 
surface ww. 1:15.18 


Ratio of sectional area of tubes to firegrate 
area... eee ese eee oe one 
Ratio of sectional area of chimney to fire- 
grate area... aed on fat ee 1:37.8 
Rat‘o of firebox and combustion chamber 
sarface to tube surface... Pe oie | 

These proportions differ, as will be seen, very 
widely from those which, so far as we are aware, 
have been adopted on any previous locomotives, 
they being such as provide an unusually large pro- 
portion of direct heating surface, while they it 
of a very slow combustion per square foot of grate 
surface, this being the point especially needful when 
dealing with the waste anthracite fuel. As we have 
already stated, the engine exhibited at Paris is now 
being experimented with on the Northern Railway 
of France, and pending the results of these trials we 
do not propose to enter into any discussion of the 
features of the boilers, we shall only remark here, 
therefore, that the experience with it on the Phila- 
wes and Reading Railroad has shown it to be 
well suited for its work, an important economy 
having been attained by it. 

Of the remaining details of the engine but a brief 
description is required. The regulator is of the 
equilibrium valve type and is placed on the front 
dome, it being connected also to the rear dome by 
a steam collecting pipe as shown in dotted lines on 
Fig. 1. As is not unusual in American practice the 
smokebox front and smokebox door are of cast iron, 
a material which it will have been noticed is alto- 
gether most extensively used in the engine we have 
been describing. The smokebox door is provided 
at the centre with openings covered by a perforated 
disc which can be turned so as to it air to the 
smokebox when desired, and thus reduce the draught 
through the tubes. The boiler is fed by one Sellers 
No. 7 adjustable injector and one feed pump, the 
latter being placed on the right-hand side of the 
engine and worked from areturn crank on the trail- 
ing crank-pin as shown in Fig. 1. Its stroke is half 
that of the piston, or 12in. The water delivered 
by the pump passes on its way to the boiler through 
a feed-heater consisting of a cylindrical vessel placed 


1: 22.7 





under the footplate as shown, this vessel being 
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traversed by 37 copper tubes 10 ft. 4 in, long and 
$ in. outside diameter, through which a portion of 
the exhaust steam passes. This heater exposes 
62.7 square feet of heating surface and is stated to 
raise the temperature of the feed water about 
110 deg. Fahr. The cab is of hard wood, and, as is 
usual in American engines, it is a very neat and well- 
built structure. From the rear of the cab a foot- 
plate guarded by a hand-rail runs along each side 
of the firebox casing to the tender. The tender is 
of the regular American type, carried on two four- 
wheeled trucks, and the total length of engine and 
tender from the point of the pilot or ‘‘ cow-catcher” 
to the outside of the trailing buffer beam of tender 
is 53 ft. 9 in. 

We shall now take leave of the locomotive we 
have been describing, but we hope to have more to 
say concerning it when the trials of it on the 
Northern Railway of France are completed. Mean- 
while, the particulars we have given will show that 
it is an engine possessing more than ordinary interest, 








ON THE CONSTRUCTION OF ARMOUR TU 
RESIST SHOT AND SHELL.* 
By Captain C. O. Browne, R.A., of Woolwich. 

Ir armour which has yielded to the impact of projectiles 
be examined, it will be found that the manner in which it 
has given way, and the injuries it has suffered, depend on 
the character of the blow that has been inflicted on it. In 
other words, the weight, velocity, calibre, form, and ma- 
terial of the projectile which has been employed have each 
had their influence, to say nothing of the question as to 
whether the effect has been simply due to the impact of a 
shot, or has been further increased by the explosion of a 
shell ; lastly, whether it has been caused by one blow or 
by a succession of blows. It follows that, since armour 
yields in a variety of ways, that which exhibits the test 
power of resistance under some conditions may fail under 
others. Speaking generally, its destruction has been 
effected on two distinct systems, commonly termed ‘‘ punch- 
ing’ and “‘racking.’’ On the first system the | eager 
are driven completely through the armour, with the object 
of taking effect on the guns, men, and whatever else may 
be behind it. On the second system the armour itself is 
broken up and destroyed, leaving the structure it covered 
exposed to the effects of subsequent fire. The results ob- 
tained by punching or piercing are more direct and im- 
mediate. On the other hand those obtained by racking are, 
as regards the armour itself, more decisive and complete. 
The former system originally obtained entirely wy d ; 
the latter principally in America, as being suited to heavy 
guns Gechetaion projectiles of great mass with low 
velocity. It was at one time supposed that racking had 
become nearly obsolete. The early experiments with cast 
iron and steel armour were very discouraging ; and wrought 
iron with wood backing was long thought to be the only 
form of armour that was likely to be employed, a form 
which is specially capable of resisting racking, while it 
admits of being penetrated by suitable projectiles. Hence 
the English experiments for some years consisted almost 
wholly of trials as to the punching powers of certain indi- 
vidual guns and shot, and the resistang powers of individual 
targets: the chief variation in conditions being the increase 





in the scale on which the experiments were conducted, | he 


caused by the ever-increasing power of the guns and thick- 
ness of the plates. Exceptions of course occurred, but this 
was the 


neral character of the trials at Shoeburyness. 
Nor has the assumption that wrought-iron armour must be 
employed been confined to England. Up to the present 
time it may safely be said that, with the exception of 
certain chilled-iron shields, no armour exists either afloat 
or in land defences that does not consist of wrought iron 
in some form. Hence in considering the powers of armour 
to resist artillery fire our principal information refers to 
wrought iron as a material for the armour, and to punching 
in some form for the method of attack; although the 
questions of greatest interest at present are connected with 
the recent introduction of steel armour, and with racking 
in one form or another. In any systematic review of the 
subject in its present state, it is well to go through the 
recent wrought-iron plate and steel plate experiments, dis- 
tinguishing carefully the elements that belong to each class 
of armour. 7 

A. Wrought-Iron Plates.—Wrought-iron plates owe 
much of their value to the fact that they do not transmit 
the shock to the bolts and adjacent parts of the structure 
but absorb the blow locally. Hence they may be penetrated 
easily, but crack comparatively little, especially if supported 
by soft backing. Penetration is effected in various ways, 
depending on the form and nature of the projectile em- 
ployed. 

The appearance of a shot after impact accords with the 
supposition that it yields under the pressure in lines 
which lie in a normal direction to the surface of the head 
of the projectile as it forces its way through the armour. 
Thus spherical cast-iron shot invariably breaks up. The 
anterior part being under pressure, as shown in Fig. 1, 
(page 70) commonly forms a wedge with the point presented 
towards the rear, upon which the the posterior part coming 
under violent tensile strain splits itself, the front part 
being afterwards picked up as a fragment, such as that 
exhibited. Of course a great part of the work stored up 
in the shot is thus wasted. A spherical wrought-iron or 
soft steel shot is subject. to the same forces, s i 
generally, but yields in a different way by spreading ont. 

.* Paper read before the Institution of Mechanical En- 
gineers, 





peaking | broke across, instead of being fairly penetrated. 


A flat-headed projectile meets with resistance directly 
along lines parallel to its axis, as shown in Fig. 2; hence 
there is no tendency to form a wedge-like anterior frag- 
ment. Sir J. Whitworth’s projectiles, being made of 
steel, hold well together, flattening or setting up slightly. 
Ogival-headed ss have little tendency to form a 
wedge out of the anterior portion under pressure of im- 
ear] It may be seen by Fig. 3 that, by the time the 
has entered sufficiently far to meet with great re- 
sistance, the normal lines are in such directions that the 
shot is nearly in the position of a cylinder with an ogival 
wedge, whose form, while available to o the armour, 
has no pany | reaction on the shot itself. When made 
of chilled cast iron, however, the projectile has compara- 
tively little tenacty, and the posterior portion generally 
shivers to pieces (see Fig. 4) ; nevertheless the density and 
hardness of the metal are such that Palliser projectiles have 
long held their own against all others. . 
It is not the object of this paper to discuss the relative 
must be noticed. For this purpose it helps to keep the 
matter clearly in view if it is looked at in the form of 
an equation, having on one side the work stored up in 
the shot, and on the other the work performed on the target. 


department of the Director of Artillery for calculating 
problems that actually arise : 


W*—9¢RxKxb'* 
29 
where W=the weight of the shot. 
V=the striking velocity. 
=the force of ity. 
=the radius of the cross section of the shot. 
b=the depth of plate penetrated. 
=a certain constant whose value depends on the 
uality of the plate, &c. 

The left-hand side of the equation is absolutely true, and 
needs no comment, representing the power of the shot at 
the moment of striking. The right-hand side is open to 
objection. It may be seen that the assumption is le that 
the plate yields in a circle coinciding with the edge of the 
cross section of the projectile. Some have contended that 
the resistance is proportional to the area of the cross 
section, not to its circumference ; and R* therefore enters 
into the expression employed by them. In certain cases of 
slight penetration into thick ‘plates this may appear to be 
true ; but it can be shown in case of complete penetration 
or anything nearly approaching it, that the circumferenti 
assumption is approximately correct. 

Flat-headed and even hemispherical-headed projectiles 
punch holes in plates by driving out the piece against which 
they impinge ; thus in separating it from the rest of the 
plate they clearly tear the iron through in a circle whose 
circumference is expressed by 24 R, as seen in Fig. 6. 
The ogival point finds its way through the plate in a line in 
prolongation of the shot’s axis; the head tearing the plate 
open, and bending it aside in all directions. If wrought- 
iron plates that have been i OF emacs by ogival 
shot be examined, it will be found that the plate first yields 
by bending back opposite to the shot’s point, tearing open 
in the form of a star or cross. As the shot ) it 
bends back the corners of the plate thus formed until they 
break off, leaving a circular hole,. probably less than the 
full diameter of the cross section of the projectile, but 
easily enlarged so as to allow the latter to pass through. 
This action requires special notice, as having an important 
bearing upon the plate-upon-plate system. On this principle 
a plate is torn through along lines whose total length may 
as 4R+27R, supposing the plate opens in 
cracks at the back. Theoretically then the flat-headed 
shot ought to get through a plate with less resistance than 
the ogival ; and this may be pleaded in favour of the former, 
where an unbacked plate is fired at. Obviously, however, 
the rough disc of iron which is driven out in front of the 
flat-headed shot meets with enormous resistance as it gets 
foul in the backing; while the clean point of the ogival- 
headed shot, which has disposed of the plate in the manner 
described, cleaves its way easily through backing and skin ; 
and the case becomes stronger where the armour consists 
of several layers of plate and backing. 

This naturally leads to the consideration of the plate-upon- 
plate or sandwich system, which has found favour in this 
country ; it has been introduced into turrets (as for example 
in those of the Inflexible), and it is against this that most 
of the recent experiments have been made. The inferiority 
per se of laminated to solid armour is undoubted, and is 
especially apparent when the method in which a plate yields 
under the blow of ogival-headed projectiles is borne in mind. 
The thin plates there move on one another and accommodate 
themselves to the bend, just in the way that the leaves of a 
book readily allow it to bend round at the outer margin, 
while quite stiff at the back. Laminated armour of 6 in. 
thickness was found, even in early armour-plate experi- 
ments, equal to only a 4 in. solid plate. Plate-npon-plate 
targets, where each thickness consists of 6 in. of iron or 
more, approach more nearly to solid plate, but nevertheless 
are admitted to be inferior in their Bin of resisting fair 
penetration. Colonel Inglis, R.E., in his latest paper 
(No. 3) on this subject, considers that the resistances of 
armour shields 7 in. thick, composed of one, two, or three 
equal layers, are respectively as 100, 96, and 89 ; and thata 
single plate 174 in. thick is about equal to three 64 in. plates 
separated by 5 in. layers of teak. The advantage claimed 
for the plate-upon-plate tow has chiefly been that wider 
plates could be-made, so that no horizontal joint need exist 
on the surface of the turret. That this isa very important 
matter will be seen on considering tht ~ tome trials, in 
which every plate struck by the shot of the 100-ton gun 
Plates 

con- 


have been found to suffer when su in 


tact with one another; but on the other hand an interval 





filled by wood allows room for the torn edges of the plate 





merits of projectiles; but their peculiar action on plates | 18 


The following very simple equation is the one used in the | tained 


to escape from tho point of the shot, which thus bites un- 
hindered into each layer of iron in succession. 

To come to actual e: iments. 

In October, 1876, the 38-ton en, whose calibre is 12.5in., 
was with ac of 130 lb. and a projectile of 812 Ib. 
weight at a structure known as “‘ No. 40 ”’ (see Fig. 4) 
consisting of three layers of 64 in. of iron with 5 in. of 
between each, making a total of 19} in. of iron and 10 in. 
of teak. mah e had a striking velocity of 1420 ft. 
per second. sing the expression above to obtain the 
— ion b, and writing K as 2.53, which is so taken as 

give b in inches, we get b=19.41. This means that the 
shot would just penetrate through a solid iron plate 19.41 in. 
thick. It ought therefore to pierce the three 6} in. plates 
and teak, with something to spare. It did actually pass 
pomcote g excepting that a portion of the base was left in the 
target, as shown in Fig. 4. 

38-ton gun was afterwards chambered, so as to 
enable it to take a charge of 200 lb. ; and on March 16th, 
77, was fired at the same structure (No. 40 target 
strengthened by the addition of a front plate of 64 in. an 


5 in. additional teak. The striking velocity of the shot was 
now 1525 ft. logs second, which gives a power to penetrate 
a solid plate 21 in. thick. As however the structure con- 


26 in. of iron, the problem becomes one of partial 
penetration. It is a very different thing to penetrate com- 
pletely through a plate 21 in. thick, and to enter 21 in. into 
armour 26 in. thick ; because in the latter case the extra 
metal is backing up and —s. to the stren of what 
might otherwise be pierced. Hence the shot’s point only 
attained to a depth of about 20 in. of iron in all, as shown 
are. 5, 6, and 7. In these two experiments it may be 
said that the Pes n-plate system did well. 

The trial of the 80-ton gun closely resembles the above. 
On February 1st, 1877, this gun was fired, being yet in its 
unchambered condition. Its calibre was 16 in., diameter 
of projectile 15.92 in., weight of projectile 1700 lb., firing 
charge 370 lb. With this its striking velocity at 120 yards 
was 1496 ft. per second. The target, known as ‘* No. 41,” 
consisted of four 8 in. plates, giving a total of 32 in. of iron, 
sandwiched with 4 in. layers of teak, as shown in Figs. 8 to 
12. The penetration b under these conditions will be found 
to be 28 in. ; that is to say, the shot ought just to penetrate 
completely through a solid plate whose total thickness was 
28 in. As it was fi inst 32 in. of iron, it would not 
penetrate so far; and 25 in., which was the amount of iron 
the gw did actually go through, is not far from what 

expected. 

May 4th, 1877, the 80-ton gun after chambering was 
fired at the same target with a charge of 425 lb., the pro- 
jectile, &c., being as before. @ stri velocity was 
now 1585 ft. per second. The projectile might therefore 
penetrate completely a solid plate 30in. thi Its point 
got to a depth of about 27 in., as shown in Figs. 13 and 14, 
the back of the target wepding as pete 14in., and open- 
ing in a star crack, 2} in. wide, through which the point 
was visible. 

Before going further, attention should be called to cer- 
tain jar features in this series of results, 

In every case a plate yielded by cracking and opening in 
a star at the back, even when the point of the shot had only 
entered to a slight depth, in one instance a mere fraction 
of an inch into a plate which was 6} in. thick. One con- 
clusion to be drawn from this is that the plate begins to 
tear open before the shot has met with much resistance ; 
and that therefore the formula used, which represents the 
work done on the plate ayes rtioned to the tear- 
ing of this crack, appears to be well supported. This con- 
clusion, however, may be somewhat modified by a more 
important feature which must now be brought into view, 
namely, the bending of the entire target. ‘he structure 
is not a stiff one ; and its liability to bend is unfavourable 
to the shot’s power of penetrating, inasmuch as whatever 
work is ded on bending is lost in penetration. No, 41 
See arene ice ae eta 
gun. wo appear pro e t this may y 
attributed to the thinness of the layers of wood. If the 
pnaees of plate, that are being forced back by the ogival 
h of the shot, cannot find room to escape, but remain 
pressing against and impeding its point, they become more 
or less the medium through which the blow of the shot 
acts on the next plate. The latter thus experiences at first 
the pressure of a mass of metal such as would tend to bend 
it rather than to penetrate it, until the actual point of the 
shot gets clear and cleaves its own way. Possibly the 
bending eventually assisted the point of the shot to get clear, 
as the iron found room to escape. 

On the occasion of the trials of the 80-ton and 38-ton 
guns the effect of powerful common shells against com- 
paratively thin plates unbacked was also tried. In each 
case the thickness of the plate was about equal to half the 
calibre of the gun. The common shell of the 80-ton gun, 
16 in. calibre, broke an 8-in. unbacked plate ; and those 
of the 10-in. gun a 5 in. plate on two occasions. ‘The shells 
exploded whether fuzed or plugged, but the fuzed shell 
burst with most effect. The plate was torn and bent back 
towards the firing point, which appears to indicate that 
the explosion took place after the principal part of the 
shell was through, but while it was still in close proximity 
to the plate. 

The feature principally to be noted, which was first 
—- out to the writer by Mr. Forrest of the Royal 

boratory, is the evidence shown the fragment of 
plate, driven out by the plugged 10 in. shell, of the manner 
in which the fracture of the plate took place. A rough 

isc, whose character is shown in the sketch, 
Fig. 15, was driven out of the plate. On the centre of this 
is the impression of the gun-metal plug and apex of the 
shell ; and around it are concentric impressions, such as 
might be made if the shell were broken in successiye circles 
as fresh portions of it came in contact with the plate, until 








the walls of the shell afforded sufficient support to drive 
out the disc, thus allowing the passage of the body of the 
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shell through the plate. It will perha 
the behaviour of this plate sh 

shell may pierce unbacked plates, a backing would 
consid: resistance to such projectiles. 
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shell to giein before it had power 
ing and wood of the ship; because, if a 
vessel were rendered secure against being set on fire, she 
t stand a gems! of shot ents and lang- 
passing mgh her side. Probably all our newest 
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We must now leave wrought iron and come to other 
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with such remarkable re- 
be traced the stimulus 
give i our in this country. The 
haracter of the Spezia experiments is . The object 
was to test the power of the erpedl 5 and further to 
i d best be applied to 
the turrets of the vessels Duilio and Dandolo, then in 
course of construction ; the thickness of 22in. of plate, 
29 in. of ing, and 1} in. of skin, ha been previously 
fixed on as the \. e descriptions of 1 ts tried are 
shown in the accompanying series of sections. The same 
tests were applied in succession to the various targets, with 
certain i and with effects shown generally in 
Figs. 16 to 27. No. 1 series, Figs. 16 to 19, exhibits the 
effect uced by one 10-in. proj ile on every section, 
with the exception of three which are shown uninjured. 
No. 2, Fi to 23, gives the same sections after being 
further subj to the blow of one 10-in. and one 11-in. 
projectile fired in a salvo, the same three sections again 
escaping any trial. No.3, Figs. 24 to 27, series shows the 
effect of one projectile from the 100-ton gun on every target. 
The tests thus systematically applied consist, first of one 
round from a gun of comparatively small power ; secondly, 
of a salvo from two guns of small power, the 10-in. and 
1l-in. guns being only capable of piercing plates of about 
133 in. and 14} in. thickness at the most; and lastly of one 
round from a gun which was — —_— _— a a 
the target, the 100-ton ing capable of penetratin 
between 30 in. 31 Pe armour. The two salient 
features of the experiment are, first, the powers of the 
various sections to withstand the effect of comparatively 
light artillery ; and, secondly, the effect produced on the 
same sections by the shock of ties fire which is much 
more than a match for them, No. 1, Figs. 16, 20, and 24, 
in each series exhibits Canmell’s solid 22-in. wrought-iron 
lates in the upper half, and Marrel’s in the lower. No. 2, 
igs. 17, 21, and 25, shows Schneider’s solid 22-in. steel 
lates in both upper and lower tiers. No. 3, Figs. 18, 
bo. and 24, and No. 4, Figs. 19, 23, and 27, show sandwich 
targets, the upper portions having frent plates of iron 12 in. 
thick, then 10in. of wood, next 10in. of iron, and 
19in. of wood, with skin; the iron in No. 3 section was 
supplied by Marrel, and in No. 4 by Cammell. The lower 
rtions of Nos. 3 and 4 consist of 14 in. of chilled cast iron 
behind 8-in. front plates of wrought iron, 10 in. of wood 
being sandwiched between the chilled and the soft iron .in 
No. 3, while these are in contact in No. 4, as shown in the 


3. 
e effects admit of being dealt with generally. The 10-in. 
rojectile, in No. 1 series, penetrated about 10 in., the depth 
Peing greatest in the softest iron, Cammell’s; less in 
Marrel's iron, but accompanied with more cracking; and 
still less in the steel, with considerable cracking. 

When the salvo was fired, the same results relatively 
were —— in a much more marked d e- Con- 
siderable penetration (about 13 in.) was Obtained in 
Cammell’s solid plate, a piece of plate was detached 
from Marrel’s, and Schneider’s steel plate was so much 
split that it was clearly far advanced towards destruction. 
It thus became evident that steel was quite unsuited to 
withstand the continuous fire of even comparatively light 


guns. : 

The 100.ton projectile, on the other band, passed with 
ease through the iron structures, while the two steel plates 
in the act of shivering under its blow so far absorbed the 
work stored up, that the projectile did not penetrate the 
backing, the point remaining as shown in No. 3 series, 
Doubtless attention will be attracted by the 100-ton pro- 
jectile shown as failing to penetrate No. 4 upper target ; 
that shot, however, was fired with a charge so greatly re- 
duced, that its penetration ought only to equivalent to 
about 19 in. of plate, and the result accords fairly well with 
what would be calculated. 

The features to notice here are, that steel is well calcu- 
lated to enable a vessel to bear a single blow of the pro- 
jectile from a gun which is much more than a match for its 
armour; while, on the other hand, such plating must be 
expected to crumble under the continuous fire of guns which 
could not easily injure wrought iron of the same thickness. 
The Duilio, if ¢ in steel 22in. thick, might run past a 
fort mounting any guns existing ; but she might be destroyed 
by the continuous fire of almost any of our more recently 
constructed ironclads. 

In every instance the plates were broken across by the 
pa of the 100-ton gun ; thence great fault has been 

‘ound with the Spezia experiments on account of the 
narrowness of the plates. If the object was to test plates 
of the size which was to be used ou the ships, this objection 
scarcely holds, the design of the turrets showing a belt of 
thick armour of the same width as the plates actually fired 
at, namely, 4 ft. 8 in. ; as, however, thinner armour extended 
above and below this belt, a wider front plate might have 
been used with advaii for the sandwich targets, which 
were of the same width as the rest. On the — 
which was laid down in considering wrought iron, the 10-in. 
wood layer in the sandwich targets appears much too thick. 
The bolts were indifferent compared with the ball-and- 
socket Palliser English bolts, shown in Fig, 28 ; and alto- 
gether, in the cases noticed, the armour went to pieces by 
racking as well as by being pierced. 

D. Compound Plates.—In this country very interesting 
trials have been made with compound armour of iron and 
steel, and also with steel plates of uliar construction. 
On the 18th of December, 1877, a trial took e on the 
bull of the Nettle of four plates—three supplied by Messrs. 
Cammell and one by Sir J. Whitworth. Although the 
plates tested on this occasion were by no means such as 
satisfied the makers, they must be looked upon as so far 
embodying their ideas as to give valuable information. A 
wrought-iron of e i i 
made of the t 


lastly | together. 


The effects are shown in Figs. 33 and 34. The special plates 
were as follows: ‘ 

No. 1, Fig. 29, supplied by Sir J. Whitworth, was of steel, 
with hard lugs screwed into the plate. The object of 
this was twofold—frst to break the shot, and, secondly, to 


limit the extension of any cracks that might be developed | i 


by im " 

"No. 2, Fig. 30, was of sub-carburised steel, made by 
Messrs. Cammell. This target simply depended on the ex- 
cellence of its metal. é . 

No. 3, Fig. 31 (standing fourth in position of the ship) was 
made by Messrs. Cammell according to Wilson’s system, 
and consisted of a steel plate sandwiched between wrought- 
iron plates, to which it was united by being run in between 
them when they were at weiing heat. The steel was about 
44 in. thick, the iron in front o stee ) 

1} in. The object of this construction is, by the union of 
the steel with the wrought iron, to prevent the separation 
of the steel, which would otherwise open by cracking. This 
plate it was hoped might neither “ star” in front nor behind. 

No. 4, Fi "32 (standing third in position and tested third in 
order) consisted of 5 in. of steel united on Wilson’s method 
to 4 in. of wrought iron, the steel being in front. This 

might crack and star in front, but it was hoped the 
steel would be held in position by the wrought iron, through 
which the cracks might not extend. 

It will be well to look at the nature of these trialsin the 
light of the information obtained at Spezia. There steel 
had proved its incapacity to resist the fire even of small 
guns. Its remarkable property was that, in the act of 
going to pieces (which it invariably did), it had the 
power of absorbing the shock of a projectile which, ac- 
cording to calculation, ought to gothrough it easily. It 
was its remarkable power of distributing into its mass the 
shock of impact that stopped the shot and constituted the 
plate’s power of resistance. On the other hand, armour 
that goes to pieces so readily under all circumstances by 
racking is of course open to grave objection. Hence the 
desire in this country has been to secure the power of re- 
sistance, and yét by some means to keep the armour 
In looking into this question, it must be ob- 
served that no evidence exists of the steel having absorbed 
the blow more than the wrought iron, in the sense of taking 
up more work to perform a given amount of injury. To 
prove this it would be necessary in some way to compare 
the extent of the fracture made into the steel with the 
local injury effected in the wrought iron, which, as’ far as 
the writer knows, has never been done. The tests then, 
to which steel and compound plates are being subjected in 
this country, are based upon previous trials such as those 
at Spezia, but are quite different in character. The Spezia 
targets were subjected to the effect of guns, at first, far 
less than a match for them, and then far out-matchi 
them. Between the 1l-in. gun Be yy to 14} in. o 
armour, and the 100-ton gun eq to 3lin., there was 
nothing. The English tests lie midway between these. At 
Shoeburyness, on the occasion of a eye op ey of a 
Wilson’s compound plate corresponding to the above No. 4 
in the Nettle experiment, the 7-in. was employed. 
Now the projectile of this gun under the most favourable 
circumstances might pierce a plate 9.01 in. thick, thatis'to 
say, it is barely a match for 9 in. of iron; while at the same 
time it gives a-very much more severe comparative test to 
the Wilson 9-in. plate (5 in. of steel on 4 in. of iron) than 
that which poo too much for the Spezia 22-in. steel 
plates, namely, the blow of the shot of the 10-in. ; 

The testing of the above Wilson plate (Fig. 95) at Shoe- 
buryness was attended with very remarkable results. The 
= of the shot penetrated only 3} in., five cracks 

ing made in the steel, but not extending through the 
iron. The impression made by the shot’s — is especially 
to be noticed ; there the evidences of sudden and successive 
fracture of the head of the projectile may be seen much 
more perfectly than as they were pointed out in the case of 
the 10-in. common shell. This seems to indicate that the 
steel had jpower to oppose such sudden resistance as to 
break the shot when only a portion of the force had been 
imp: on it; hence occurred the central impression 
made by the point, and the surrounding impressions 
made by the surrounding portions, each striking with a 
considerable share of the work stored up in the shot. The 
general effect on the target in this way seems to have been 
to bring the blow into a form in which it could be borne 

iarly well. The work stored up inthe shot must in 
some way be impressed on the target; and this being so, 
the present case seems an admirable illustration of a 
possible way of receiving the blow without serious injury. 
There was Cages of this kind exhibited a Spezia. 

The Nettle trial was much more severe, since the 9 in. 
gun is a match for 11.48 in. of armour. It is not needful, or 
indeed possible, to give all the exact details of the results 
of these experiments. No. 4 plate, consisting of steel on 
iron, corresponding to the Wilson plate, which had stood 
so well at Shoeb' ess, proved to be of inferior quality, 
being in fact a faulty plate. With this exception there is 
not very much to choose as to results. In every case the 
shot penetrated only pertially, but the target became 
rapidly disin ted. For Sir J. Whitworth’s plate it 
may be plead 
size ; and that it had not been as he recommends, of 
a cylinder cut through, opened out, and tempered in oil. 
For Cammell’s plates it should be said that the union of 
the iron and steel in no case failed ; that before the ex- 
periments Mr. Wilson stated that the thickness of the iron 
in his plate, No. 3, was much too little, owing to the want 
of experience in the process of manufacture; and that 
nothing corresponding = the one —— Po Shoebury- 
ness was » even wing increased 
severity of the test. pron 
t the wri 


t experiments have been 
made, bu writer report anything i 
different in the general character of the results. 


that it was at it 5. disadvantage as to 
©, 





The question i hether the i 


the steel # in., and behind | gun rep: 





natural tendency to endeavour to prevent cracking by 
softening the steel, and so com; ising the character of 
. ‘The best idea seems to be that of a hard steel 
i i to pieces, but is prevented from 
adhesion to a thi of wrought 
en: The problem to be solved 
form for the work done to 
. . If it could be proved that a given quantity of work 
stored up represented actually a smaller injury in one 
kind of metal than another, then so much would be gained ; 
but a claim of this kind has scarcely been attempted to be 
made for steel on any results achieved. The hope is rather 
to force the work to take some form which the target may 
bear, than to decrease the injury in actual quantity. When 
it is considered that the blow of the shot from the 100-ton 
resents an amount of work stored up which is suffi- 
cient to lift a turret weighing 300 tons to a height of 78 ft., 
it will be seen how difficult it is to provide for the absorp- 
tion of so vast a shock. 

The writer, when originally preparing this paper, sug- 
gested the trial of thick steel armour covered by com- 
paratively thin front plates of wrought iron of a area, 
thinking that the steel might crack and come asunder, but 
— still be retained in position by the iron covering. The 
bolts would gain by holding on to iron instead of steel. 

A remarkable experiment has, however, since taken 
place. A steel plate, which withstood the projectiles fired 
at it, had an iron plate added in front ; when the same 
projectile was found able to penetrate the whole. Finding 
that the wrought iron on the target had produced this 
effect, Captain lish, R.E., suggested that the shot 
should be capped with wrought iron, and fired at the bare 
steel, when it was found to penetrate where the previous 
chilled shot had failed. The writer supposes the reason to 
lie in the fact which he has above pointed out, namely, the 
sudden rupture of the shot against the hard front plate be- 
fore its momentum was impressed on the point. Hence 
the deep impressions made by the fragments striking 
around the point of impact proper. The wrought iron, 
whether on shot or target, prevented this action from 
taking place. 

It follows, then, that actual penetration into such a 
structure as the writer recommended wo be deeper 
than into steel; but, since a wrought-iron tip gives the 
same advantage to a shot, steel front plates are also easily 
dealt with ; and the writer still thinks that thick hard 
masses of steel covered by iron might on the whole be the 
best form of armour. 

It is interesting in conclusion to consider what would be 
the resisting power of the various classes of armour-clad 
ships on service at the present time. The old-fashioned 
classes ing thin armour, such as the Minotaur, 
Warrior, Achilles, Agincourt, &c., would be easily pierced 
by any powerful chilled or steel projectiles. It is a question 
if any common shell would penetrate them, but Palliser and 
steel shell might do so in such a way as to set them on fire. 

It is difficult to draw any distinct lines dividing the 
vessels into groups; but the Sultan, Alexandra, and Her- 
cules may be taken as likely to be proof against being set 
on fire by any but very powerful Palliser or chilled shells. 
On the other hand they could be easily penetrated not only 
by the 38-ton but by the 25-ton and even the 18-tongun. 

The turret ships such as the Thunderer, Devastation, 
and Glatton, are generally more capable of resisting 
artillery, because not only is the armour thick, but also, 
the guns being able to fire in any direction, the ships can 
lie with their sides — to the enemy at such an angle 
that the projectiles glanceoff them. It does notappear 
likely, judging from the Glatton experiments at Portland, 
that the am | of a ship would be easily injured so as to 
prevent its working. If penetrated, as it ~“- t be by the 38- 
ton or 35-ton gun, the missile would enterin the form of frag- 
ments and langridge flying across the turret or deck. It is 
é likely that such penetration would disable a vessel 
inany way. The Temeraire and Hotspur come under the 
same g, inasmuch as, though not turret ships, they 
can fire at almost any angle with their keel. 

Lastly, there is the Shannon class, which is constructed 
with thickly-plated vital parts, but with sides of 1 in. of 
iron only, which would let almost any projectile through, 
except rifle bullets, case-shot, and colinany mitrailleuse 
bullets. A Palliser shell might ‘pass through this vessel 
without exploding its charge. It would however be very 
likely to break up. The writer does not pretend to be able 
to do justice to this class of vessel ; his remarks have been 
only upon armour, and in this respect these ships are at 
great disadvantage; it is for those who understand the 
counterbalancing merits of such vessels to advocate their 
construction. 


Merropotis Totti Bripegs Act or 1877. — The 
claim of the Albert Bridge Company against the Metro- 
politan Board of Works for 300,0001., the alleged value of 
the Albert and Battersea bridges (both belonging to the 
same company), is now in course of hearing at the Sur- 
veyors’ Institute, Great Geo treet, before Mr. A. E. 
Miller, Q.C., and Mr. F. Meadows White, Q.C., the arbi- 
trators ; Captain Galton, C.B., acting as umpire. The 
case is as yet only part heard, and is likely to last some 
days longer, as various questions arise in regard to the two 
very erent structures. The engineering evidence on 
the strength and durability of the bridges, been given 
by Mr. R. M. Ordish, who designed the Albert Bridge, Mr. 

ax. Am Eude, Mr. Ewing Matheson (the chairman of the 
company), with corroborative evidence on the same side 
from Mr. W. H. Barlow, Mr. ©. D. Fox, Mr. Brereton, 
and others. Against these gentlemen evidence will be 
ote by Sir Joseph Bazalgette, Mr. Law, and Mr. Edward 

oods. No less than five eminent Q.C.’s are engaged in 
the case, which from its nature is interesting to en- 


gineers, the merits of Mr. Ordish’s 
and the 
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OUR SCIENTIFIC PROGRESS. 

Tue year which has just passed away will not 
elicit much notice from the future historian of 
science. He will say that it was ushered in with 
a flourish of trumpets, but failed to realise the ex- 
pectations it had awakened ; he will say it was a 
year of great activity ; and, in the same breath, will 
add that it was one of equal sterility in important 
results, 

Our most valuable acquisitions are the additions 
made to our knowledge of solar physics, by the 
observations of the total ecli of July 29th. 
Though it did not last quite r wel minutes, yet a 
large amount of thoroughly good work was done. 
The line of totality ran along the western terri- 
tories of the United States, and skilled observing 
parties were scattered from Rawlins, in Wyoming, 
to Las Animas, in South Colorado. All the astro- 
nomers of the United States, headed by Newcomb, 
Watson, and Hall, were on the line armed with the 
best and latest instruments. Dr. Draper was also 
there with his photo-spectroscope, and the unwearied 
Edison with his newly-invented tasimeter. Europe 
had sent out her observers, some of whom arrived 
too late; England was well represented by Lockyer, 
Thorpe, and Schuster. Fortunately the weather 
turned out favourable and the observations were, for 
the greater part, very successful. 

The chief object of study during totality is the 


corona, and all parties agree in describing that of last 
July as inferior in extent and brilliancy to the coronz 
of other recent eclipses. The whole series of phe- 
nomena 9 to have been on a diminished scale, 
and Dr, Schuster 


has since confirmed this remark by 











a careful examination of the coronal photographs and 
drawings taken during the last eight years, This 
is the more wo by of notice, as we are now passing 
through a period of minimum sun-spots. It is 
generally conceded that a spot is a rent in the solar 

hotosphere caused by a violent up-rush of incan- 

escent gas. Physicists, however, add that the 
darkness of the spot is due to the inrush of the 
corresponding counter current from the colder solar 
atmosphere, and the consequent decrease of radia- 
tion on that side of the rupture. It is plain that the 
more numerous the rents are, the more active must 
be the gigantic forces which are at work on the solar 
globe ; whilst, on the other hand, their comparative 
scarcity would be unmistakable evidence of dimi- 
nished solar energy. The spectroscope should reveal 
this comparative quiescence of the solar forces by the 
faintness or total absence of the lines characteristic 
of the up-thrown glowing gas, On examination we 
find all the ger gm 2 in complete accordance with 
these views ; and, what is more, we find the coronal 
gas-spectrum of previous years replaced by a con- 
tinuous spectrum. It is not ay, mana that most of 
the experienced observers were alarmed at this novel 

henomenon, and that they suspected something 
had gone wrong with their instruments; but the 
concurrence of the testimony from all stations, dis- 
pelled their fears, and increased the cumulative 
evidence in favour of the theory of the periodical 
diminution of solar energy. 

Besides being continuous, the spectrum of the 
corona was observed to be intersected by dark lines 
corresponding in position with Fraunhofer’s. In 
fact, it is admitted that the observed spectrum 
differed from that of the sun itself only in point of 
brightness. The conclusion to which this leads is 
that the coronal luminosity is due,to the reflection 
of sunlight by a band of small circumsolar particles, 
This gives additional strength to the theory whi 
explains the coronal and the zodiacal light by the as- 
sumption of rings or zones of meteoric matter, or 
cosmical dust, surrounding the sun and extending 
out in space to considerable distances. In fact, it 
goes far towards settling the controversy, and re- 
removing all doubts as to the true nature of the 
corona. 

Further evidence is derived from the polariscopic 
observations ; for in the ordinary reflection of light 
we know that an incident ray is pany reflected, 
partly absorbed, and partly scattered. The scattered 
portion is usually found to exhibit more or less dis- 
tinct traces of polarisation. The blue tint of the 
sky for instance is due to solar light diffused or 
scattered by very minute vapour-particles suspended 
in the atmosphere, The observations of last 
July show that the coronal rays are polarised, and 
that the plane of polarisation is coincident with 
the solar radius, i.e., we have radial and not tan- 

ential polarisation. Moreover, the polarisation is 
eeble close to the sun’s edge, but increases to a 
certain distance, after which it rapidly falls off. Dr. 
Schuster maintains, on mathensteal grounds, that 
the polarisation should steadily increase with the 
distance from the sun, and he seeks to explain the 
discrepancy by assuming that more light is regular] 
reflected and less scattered by the meteoric clou 
according as we recede from our central luminary. 

Another point of interest attaching to the last 
eclipse is that it was the first in which a thermopile 
was used, the result being the discovery of a new 
line in the red portion of the spectrum. 

The problem attacked by Mr. Edison was to de- 
termine the quantity of heat sent to us from the 
corona, On one of the evenings preceding the 
eclipse, he gratified the curiosity of his numerous 
friends who were anxious to test the fitness of the 
marvellous tasimeter for its novel work. On allow- 
ing a ray from Arcturus to fall upon the instrument, 
the motion of the index at once denoted the 
presence of heat in the light from the far-distant 
star. A moment’s exposure to the corona told a 
similar tale ; indeed, so intense were the effects that 
the spot of light was violently thrown off the re- 
cording scale of a Thomson’s reflecting galvano- 
meter. The introduction of appropriate resistances 
into the circuit would have obviated this unexpected 
result, but as the eclipse lasted only 2 minutes 52 
seconds, the corona would have disappeared long 
before the adjustment could have been made, 

The eclipse of July, 1878, is further memorable 
for the discovery of a small planet within the orbit 
of Mercury. Certain i ies in the motion of 
the latter, had long ago led Leyerrier to calculate 
the mass and trace out the orbit of a body that 
would account for the observed perturbations. In 








1859, Lescarbault thought he had seen the hypothe- 


tical planet and Leverrier called it Vulcan. Ever 
since there has been, on all favourable occasions, 
a sharp lookout for this intra-Mercurial planet ; but 
it was reserved for Watson to add this to his many 
other astronomical trophies. In going over to 
Rawlins, he had determined on devoting the three 
minutes at his disposal to a vigorous after the 
problematical disturber, and had the good fortune 
to detect a body of the fourth magnitude, which 
it is believed will fit pretty closely the orbit of 
Leverrier’s Vulcan, Professor Swift, of Rochester, 
seems to have been equally fortunate and to have 
enjoyed a glimpse of the oft-looked.for planet. In- 
deed he inclines to the opinion that there is more 
than one of these undiscovered inferior asteroids. 
It is none the less singular that the astronomer of 
Ann Arbor el amgee should have interrupted a 
long search for a supposed planet lying beyond 
Neptune in order to discover, in his rudely improvised 
observatory out in Wyoming, the innermost member 
of our system, 

The last year also brought another important and 
promising contribution to our knowledge of solar 

hysics. We refer to Dr. Janssen’s mode of study- 
ing the surface phenomena of the sun. This distin- 
guished savant has devised a new method of photo- 
graphing the solar disc. So complete are the ar- 
rangements and details that the forms of the 
granular elements of the photosphere are faithfully 
recorded. These photographs are taken at the 
Meudon Observatory at frequent intervals durin 
the day, and thus is obtained a sharply define 
record by means of which we may study with equal 
ease and accuracy the mighty up-currents that 
rend the bright photospheric layer and the most 
fugitive changes that occur in the movements and di- 
mensions of the solar granulations. 

Considerable progress has also been made in the 
reduction of the observations of the transit of Venus 
of December 8, 1874. Captain Tupman, who 
superintends these calculations, recently stated that 
he has provisionally adopted 8.845 seconds as the 
mean value of the solar parallax, It may be interest- 
ing to know that the parallax deduced from the 
transit of Venus in 1769 was 8.860 seconds; that 
from meridian observations of the planet Mars in 
1862 was 8.855 seconds ; from Foucault's determina- 
tion of the velocity of light, 8.860 seconds; from 
Leverrier’s planetary theories, 8.860 seconds, and 
from Newcomb’s observations, 8.848 seconds. Cap- 
tain Tupman’s value corresponds to a distance 
of 92,400,000 British miles, while that of Pro- 
fessor Newcomb would give 92,393,000 miles for 
the distance of our cen’ uminary. 

In the domain of natural science, we find that the 
past year has added very little of paramount value to 
our stock of knowledge; we have kept in the beaten 
track, steadily avoiding anything but collateral ex- 
ploration. We have eB we facts and multiplied 
experiments, but have achieved little truly original 
work and made few valuable advances. : 

Further experiments were made on the lique- 
faction of gases by M. Pictet, of Geneva, and 
M. Cailletet, of Chatillon, from which additional 
presumptive evidence of the metallic nature 
of hype has been obtained. The density of 
liquid oxygen was determined (.97), and found 
to closely correspond with the theoretical value 
fa ven years ago by M. Dumas, the great 

D emist, 

Unusual attention was elicited, at the beginning 
of the year, by a triad of kindred inventions, 
involving both accoustical and electrical principles, 
and although there has been much stir in physical 
laboratories, and many papers read before learned 
societies, still the year has away with little 
else than an extension of the field of utility of such 
instruments as the telephone and microphone. 

Yet greater is the stir occasioned by the experi- 
ments recently made with the electric light, From 
the laboratory it has gained the commercial world ; 
from a local excitement, it has cavclagen ee a 
géneral uneasiness, a potential ic, urious to 
say, there is one point, at least, in common between 
the electric-light panic and the solar spots. It is 
periodical. ternately progressing and waning, it 
completes its cycle of phases in ten years. We may 
add, and thisis noteworthy, that the period of maxi- 
mum excitement corresponds precisely with the years 
of minimum spots. Here is a coincidence for 
the next ‘‘ Budget of Paradoxes,” and one which we 

ly hand over to the curious for explanation. 
Astronomers have written a good deal about the ten- 
year period, and we know it is a matter of history 
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that every ten years we have a fresh outburst of zeal 
among practical physicists, and of confidence amo 
capitalists in favour of the general introduction o 
the new light. P 1878 will be the last of these 
decennial outbursts. ere is such an diture 
of energy it does not seem impossible that the 
subject will burn itself out, At all events, if the 
dynamo-machine be not the luminary of the future, 
if the “candle” be in discarded, and the 
dazzling splendour of the white-hot wire be de- 
clined as a substitute for the pale yellow light of 
the common gas-burner, the unwearied but unsuc- 
cessful efforts of Werdermann, Lontain, and Edison 
will be a warning, if not a posititive demonstration, 
of the uselessness of all future endeavours, 

But while the outer and money-making world was 
agitated with the ringing excitement of the electric 
light, the purely scientific world was for a moment 
set in still greater commotion by a laconic communi- 
cation made to the French Academy of Sciences by 
one of its English Correspondents. It was 
thought we were on the eve of a grand and epoch- 
making discovery. The dying year was threatened 
with celebrity, and it would unquestionably have 
eclipsed most of its predecessors had the dream of 
the medigval alchemists been realised and our 
sixty-eight elements melted down into one. But Mr. 
Norman Lockyer’s paper, which was read before the 
Royal Society on December 12, was more reassuring 
than his brief note to the French Academy. Moreover 
the annals of discovery show that Nature discloses 
her treasured arcana with befitting parsimony even to 
the most gifted inquirers. The growth of science 
is gradual, not spasmodic. No doubt Mr. Norman 
Lockyer’s paper embodies a great number of im- 

rtant observations, and when these have been 

iscussed we shall know whether the 12th of De- 
cember should be a red-letter day in the scientific 
calendar of 1878. 

There is, however, an achievement of the last year 
which deserves to be chronicled among the most 
valuable of its contributions to pure and applied 
science, viz., the duplexing of the Atlantic cable. 
Towards the middie of November, Mr. J. B. 
Stearns, the well-known American electrician, ob- 
tained an almost perfect balance, thus showing the 
possibility of Pyeng Se messages simulta- 
neously along the wire. e understand that he is 
now at Valentia completing his arrangements. 

Here we have another instance of the practical 
tendency of contemporary science. The concrete 
alone is attractive ; the abstract may be ssthetically 
beautiful; it seems, however, to have but few 
charms for the present generation. 

The obit of the past year contains several 
names of the highest distinction. The losses are 

articularly heavy among physicists. There are 
Regen, Becquerel, Mayer, and Henry, who have 
been in the van of physicists for tbe last half century : 
Regnault cened as an experimenter, and whose 
determinations of Ls agen constants are classic ; 
—— indefatigable in the labora , and the 
founder of electro-chemistry ; Julius von Mayer, the 
expounder and, in great part, the propounder of the 
dynamical theory of heat; Professer Henry, well 
named the Nestor of American men of science. 
Astronomy has lost in Father Secchi one of its 
most erdent and successful cultivators; and in 
the Rev. R. Main an accurate observer and a 
careful writer. Claude-Bernard was an authority 
in all physiological questions; Weber was a 
veteran anatomist ; the Rev. J. Booth an 
eminent mathematician; Petermann a celebrated 
ographer, and Sir George Buck the companion of 
Franklin in the early days of Arctic exploration. 

Of books on science, there has been the usual 
influx of elementary manuals. Only a few works 
have appeared remarkable for originality or depth 
of treatment, Among these a prominent place is 
due to Lord Rayleigh’s ‘‘ Theory of Sound,” an ex. 
tensive work, which presupposes a good knowled, 
of the higher mathematics. Professor Newcomb, 
a distinguished mathematician, has written an ex- 
cellent volume on ‘Popular Astronomy,” in which he 


embodies the history, methods, and results of astro- 
nomical research. fessor Clifford has published 
the first part of his “ Elements of D c,” a work 
(with ill-sounding name) which can be read only by 


students a little familiar with the principles of 
quaternionic analysis. Professor Tait given a 
comprehensive “Sketch of Thermodynamics,” and 
Richard A. Proctor has presented the student of 
mathematics with a very complete ‘‘ Treatise on the 
Cycloid,” A book on chemistry, with excellent 
diagrams and latest discoveries, has been for some 


time back a great desideratum. Roscoe and 
Schorlemmer have richly supplied the want. Their 
elaborate treatise is a standard work equally credit- 
able to the authors and publishers. Frankland’s 
*‘ Researches in Chemistry” is another valuable 
acquisition to the physicist and chemist, while 
Wolf's “‘ History of Astronomy,” is among the few 
important additions, from a foreign language, to our 
scientific literature during the last year. 





PROVINCIAL SANITATION. 

We have recently called attention, under the 
above “Ay - to the state of sanitary matters as 
existing in the provinces, selecting some portions 
of Dr. Thorne’s report to the Local Government 
Board in_regard to the Dewsbury registration district. 
We now extract, from the same report, certain facts 
dealing with towns adjacent’ to Dewsbury, and 
mostly engaged in the same class of manufactures. 

In reference to the Batley district, it appears that 
the population has risen from about 14,000 in 1861 
to 27,000 in 1878. In 1871 there were 437] houses, 
while now there are about 6000. ‘The back-to-back 
system of building prevails here as in Dewsbury 
and other towns in Yorkshire. Other houses, 
though not built back-to-back, have no means of 
through ventilation, and in many instances there are 
dwellings round yards which are as a rule unpaved, 
where the conditions of filth, owing mainly to the 
midden privies and the urine tubs, are such as to 
cause a serious nuisance and injury to health. Midden 
privies built in actual contact with houses and soak- 
ing into cellars were several times met with, and the 
same structures are often so placed as of necessity 
to foul the air inside as well as outside dwellings. 
And these serious faults in the matter of house con- 
struction, the inspector says, ‘‘ are not limited to old 
houses, for in one locality where the ground sloped 
rapidly, I found the midden privy of a new house 
built in actual contact with the bedroom of a ne’gh- 
bouring house at a lower level.” 

It is stated that the sewerage and drainage are ina 
transition state, but at present are in a most defec- 
tive condition. On the other hand, efforts have 
been made to secure an abundant and wholesome 
supply of water. 

nregard to the district of Liversedge the in- 
spector estimates the Bn eng sews at about 13,000. 

e dwelling accommodation is extremely defective. 
‘* Many houses were seen, which from dilapidation, 
soakage of excremental and other filth, absence of 
ventilation owing to windows not opening or other- 
wise, excessive dampness, and other allied causes, 
were utterly unfit for human habitation ; and some 
of these structures were more like hovels than 
houses,” Several good houses are placed where filth 
abounds. Thereare numerous back-to-back houses, 
a large ty age of these having been recently 
erected, and in violation of the bye-laws. In some 
of the back-to-back houses the ing walls did not 
reach to the roof, and by this various infectious 
diseases had been conveyed from one to the other. 
Sewer gas made its way into many houses. The 
water supply was constant, and was supplied to 
seven-eighths of the population. The means for 
sewerage and of Liversedge were con- 
fessedly imperfect and inefficient, and constituted a 
constant danger to health. In some places sewage 
was seen flowing down the fields, stagnating in 
channels by the road-side and close to houses. 
Sewer gas found its way into the dwellings near the 
covered drains. There are twenty-five water-closets, 
pee in no case are ee taken i revent 
foul air ing up the soil pipes into the houses. 
The midden Seley system ‘al Bone as elsewhere, a 

ve source of nuisance and injury to health. 


idden ashes were largely being thrown into a dis-’ 


used quarry, on the raised surface of which buildings 
might in time be erected. 

Referring to smaller places embraced in Dr. 
Thorne’s report it appears that at Birstall, Gomersal, 
Birkenshaw, &c., having a smaller population than 
those of the district already described, precisely the 
same circumstances exi and these all tend 
to not only produce, but also to propagate in- 
fectious diseases of all kinds. Back-to-back houses, 
bad drainage, poor or bad water supply, ill-venti- 
lated sewers, and —e of the sewage into the 
houses, being in nearly all cases the rule rather than 
the exception. Insome of Morley, which has 





@ population of 11,000, the drainage is into unven- 
tilated cesspools ‘with which house-drains directly 
communicate. There are 100 water-closets, but the 


soil pan ay weonn be ventilated on any 
proper principle. e midden privy system is pre- 
valent, and as constructed and Saeed 3 pad 8 
all the sources of nuisance and danger to health 
attendant upon this ies of closet accommodation 
in its worst form. deed, there are few parts of 
the Dewsbury district where the evils resulting 
from the means of excremental disposal adopted are 
equal to those obtaining in Morley, and none where 
they are exceeded. One within 3 ft. of a house 
would receive 8000 gallons of rain in the year. An- 
other was 45 ft. in length. There is even a de- 
ficiency of this accommodation. Urine tubs are 
somewhat numerous. The bye-laws of the authority 
are not deemed to be in force, the certified copy 
having been lost—except as to water supply, the 
ape sani administration is exceptionally lax. 

e efforts of the medical officer of health to pre- 
vent the spread of infectious disease are all but 
fruitless, there being no means of isolation provided. 
The general death-rate, as might be expected from 
a consideration of the circumstances named in the 
report, is alarmingly high. Enteric fever has been 
in much excess; small-pox was epidemic in 1873 ; 
and scarlet fever caused 103 deaths in 1874. The 
infantile death-rate was such that ‘‘ one child out of 
five born in Morley has failed to live out its first 
year of existence.” 

With these extracts we conclude for the present 
our remarks on Dr, Thorne’s report in reference to 
the Dewsbury district, reserving more critical analysis 
for our annual Sanitary Summary for 1878, which we 
shall shortly place before our readers. But we 
cannot refrain from making extracts from a recent 
report presented by the Health Committee (save 
the name “ Health”) to the Sheffield Town Council. 
We might make some allowances for the smaller 
places to which we have referred, but in respect to 
a place = Sheffield, the following facts are most 


The report stated that many of the cottages in 
Nether Hallam (a portion of Sheffield), though only 
erected a few years ago, were now in a state of 
dilapidation, and ought to be closed. Many others 
were in a sad sanitary condition, and would be 
brought under the notice of the new medical officer 
of health. Another street in the immediate neigh- 
bourhood had been found to be one vast piggery. 
Almost every one kept pigs, the styes were close to 
the houses, and in summer y the air was 
charged with malaria and miasma, which spread 
fever of a most malignant character through the 
district. Steps had already been taken to abate that 
part of the nuisance. A case was reported in which, 
in one house, four deaths had recently occurred 
from scarlet fever, and it was stated that the pre- 
vious tenant had also lost four children from the 
same disease, It now transpired that the drains 
were all defective, and emptied themselves on land 
where the refuse water stood until it became offen- 
sive in the extreme. Under the floor of the kitchen 
was a large cistern, which was intended to receive 
the rainwater from the roof of the house, and this 
water was used by the occupiers for drinking and all 
purposes. On examination it was found that the 
water from the slopstone, that had been used for 
washing and all other purposes, found its way into 
the cistern. There was no wonder, under these cir- 
cumstances, that malignant fever should be found 
at Walkley. The council has been without a medical 
officer of health for four or five months! 

We have had considerable acquaintance with the 
sanitary condition of most parts of England and 
Scotland, but must rape | affirm that the revela- 
tions contained in this and the preceding article (see 
page 11 ante) exceed in their serious p more the 
worst conditions that we have yet observed. It is 
inconceivable that places in which may be found 
men of large fortune, derived from the successful 
employment of labour, should have permitted such 
abuses to exist, still more to allow them to con- 
tinue in progress. There is not a shadow of 
excuse for such a state of things. The Artisans’ 
Dwellings Act of Mr. Cross gives fall power 
to the authorities to remedy the house question, 
and so far as drainage, sew , and water 


supply are concerned, the Government 
Baap hove full powers to grant loans, if proper ap- 
plication be e. Despite any action on the part 
of the local sanitary authorities we sincerely hope 
that the Local Board will execute all the necessary 
works in these districts, and enforce, to the fullest 
extent, all the expenses on the ratepayers who 
have so long and so shamefully ted their 





duties. 
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PROFESSOR TYNDALL AND THE 
ELECTRIC LIGHT. 

Tue first of this year’s “Friday evening” dis- 
courses at the Royal Institution was given on 
January 17th by Professor Tyndall. Rarely was 
so numerous an audience seen gathered round the 
lecture-table, even in the palmy days of Faraday. 
Many were there through eagerness to listen to an 
eloquent address, but many more to hear an able ex- 
position of the principles and a sifting discussion of 
the present state and possible future of the electric 
light. The former must, no doubt, have been 
gratified, for Professor ‘Tyndall is always a clear, 
eloquent lecturer. But we cannot add that the ex- 

ectations of the latter were fully realised. The 
eading principles of the subject were indeed 
handled deftly but hurriedly; the illustrative ex- 
periments were quite to the eons but too few, 
whilst the question on which information was 
especially desired was dismissed with disappointing 
reticence. A good oupertemy was here lost of 
planting a few ‘solid thoughts” in the public mind, 
and ata moment, too, when it is in great want of 
fixity and stability. 

The discourse was essentially historical, and un- 
fortunately the limited time allowed only of a rapid 
sketch. The chronology of the electric light begins 
with the century, for it was in 1800 that Volta 
constructed his first ‘‘ pile.” While some physicists 
spent their time in warmly discussing the short- 
comings of the contact theory, others turned their 
attention towards developing the energy stored up 
within the battery. Among these were Mr, Children 
and Sir Humphrey Davy. Mr. Children succeeded 
in raising 18 ft. of platinum wire to a white heat, 
and Davy, who witnessed the experiment, described 
the illumination as ‘‘throwing sunlight into the 
shade.” In 1808, a subscription was opened, and 
Davy was furnished with a battery of 200 plates. The 
most refractory metals were subjected to the intense 
heat of the voltaic arc and as readily dissolved and 
evaporated. The electric light was thus produced 
seventy years ago, and exhibited for the first time 
in the laboratory of the Royal Institution. But the 
battery was soon found to be a wasteful and ex- 
pensive mode of producing heatand light. In fact, 
subsequent researches have shown that four-fifths 
of the heat evolved by the burning zinc disappear 
in the molecular work of decomposing the acidulated 
water. The residual fifth contains all the energy 
available for lighting up the arc and heating the 
refractory metals to incandescence, It was evident 
the electric light could never become a commercial 
success until a +» way of generating powerful 
currents should be discovered. This was at length 
achieved by Faraday in 1831. In the November of 
that year, he read his first paper before the Royal 
Society on ‘‘ Magneto-Electric Induction,” and in 
February 8, 1832, elicited the first spark from the 
magnet. ‘ This evening, at Woolwich,” he curtly 
wrote in his note-book, ‘‘ experimented with magnet, 
and for the first time got the magnetic spark.” By 
this experiment the whole aspect of the question was 
changed. A new and unsuspected source of energy 
was obtained. The spark, though ‘‘a big action” 
for the time, was nevertheless infinitesimal ; it re- 
quired to be enhanced and exalted. This Faraday 
left to others, reserving for himself to complete his 
study of the phenomena of induction and to devise 
a vocabulary in which to express his new concep- 
tions, “I have rather been desirous,” he wrote 
shortly after the above experiment, “‘ of discovering 
new facts and relations dependent on magneto- 
electric induction, than of exalting the force of 
those already obtained, being assured that the 
latter would find their full development hereafter.” 

In these hopes he was not mistaken, though it 
took more than twenty-five years to realise them. 
The first who raised Faraday’s currents to such an 
intensity as to make them practically useful was 
Professor F. H. Holmes. In 1853, he attended the 
experiments that were made in Paris for the purpose 
of introducing the lime-light. Though these proved 
a failure, they were full of suggestiveness to the 
observant mind of the English professor, who almost 
immediately announced his readiness to exhibit the 
electric light on a large scale. It was not, however, 
until 1858 that he overcame the final difficulties, 
and that the Trinity House directed their scientific 
adviser, Faraday, to examine the new machine and 
report upon its fitness for lighthouse illumination, 
Faraday watched the luminous beam with keen in- 
terest and ‘‘ cautious enthusiasm.” He observed it 


from a number of places and altitudes, as well as in 


a variety of weathers, and finally transmitted the 
result of his three months’ observation to the Elder 
Brethren in the following terms: ‘I beg to state 
that, in my opinion, Professor Holmes has practi- 
cally established the fitness and sufficiency of the 
magneto-electric light for lighthouse p 80 
far as its nature and management are concerned. 
The light produced is powerful beyond any other 
that I have yet seen se applied, and in principle may 
be accumulated to ~— degree.” 

Nothwithstanding the above plain outspoken testi- 
mony, the merits of Professor Holmes have not 
been sufficiently acknowledged of late years, It is 
true there has been no animated discussion to snatch 
from his brow his well-deserved honours, but there 
has been worse, viz., the neglect of disp: ment, 
the silence of oblivion. It was then refreshing to 
see Professor Tyndall come to the rescue of “a 
submerged inventor,” dwell at considerable length 
on the value of his early achievements, and claim 
for such a ‘‘ meritorious man” the credit that is a 
due. 

The machine of Professor Holmes is identical in 
construction and principle with that subsequently 
made by the Alliance Company of Paris; that is, it 
consists of a number of steel ets fixed round 
the circumference of a circle, thus forming an intense 
magnetic field within which the coils of insulated 
wire ah eens at the same time the useful 
current. e mention this, because the very last 
machine devised for the production of the electric 
light, is quite similar in construction ; and it is of this 
De Meritens machine that Professor Tyndall spoke 
in laudatory terms, calling it ‘‘ a most beautiful and 
original machine,” and hinting even at the proba- 
bility of its displacing its many competitors. It is 
said history repeats itself; but it is not often that 
scientific invention returns upon its path as in the 
present instance. 

The next great epoch in the history of the 
electric light is the year 1867. 1t marks the discon- 
tinuance of permanent magnets and the introduction 
of the ‘‘ reaction principle” in dynamo-electric ma- 
chines. The discovery of this principle has for 
several years been a subject of warm debate, priority 
being claimed for Sir Charles Wheatstone, Mr. 
Werner Siemens, and Mr. §, A. Varley. An article 
of ours in the early days of the present electric light 
excitement, re-opened, and, we are glad to say, Sep 
finally settled the question. Our readers may re- 
member the a that was carried 
on in our columns between Dr. William Siemens and 
Mr. Varley; and, by referring to our issue of 
November, 30, 1877, they will find a short but pithy 
letter of Mr. Robert Sabine, who sums up the re- 
spective claims and disposesof the vexat¢a questio in the 
following words: ‘‘ Professor Wheatstone was the 
first to Seagate and try the reaction machine ; Mr. 
S. A. Varley was the first to put the machine 
officially on record in a provisional specification 
dated 14th of December, 1866, which was not pub- 
lished until July, 1867; Dr. Werner Siemens was 
the first to call public attention to the machine in a 
paper read before the Berlin Academy on the 17th 
of January, 1867.” 

In discussing this — Professor Tyndall did not 
hesitate to acknowledge the accuracy of Mr. Sabine’s 
statements, but strongly advocated the principle 
that all cases of priority should be decided solely by 
the date of publication. This certainly seems to be 
the only criterion that can be safely adopted; by 
rejecting it, we open the lists to endless controversy 
and chaotic perplexities. 

Professor Tyndall exhibited the two reaction 
machines made respectively for Wheatstone and 
Siemens. Their chief interest arose from their 
historical associations. Small and diminutive in 
size, they are the antetypes of these powerful 
dynamo-machines which were fitted up in various 
parts of the Institution on Friday night, and which, 
at ap comet moments, lit up the lecture theatre 
with b illiant splendour. 

Through the kindness of Messrs. Crossley Brothers, 
an eight-horse power gas engine was placed in the 
basement of the Institution to drive the Wallace. 
Farmer and De Meritens machines. Another room 
was reserved for the Siemens machine, on the base 
plate of which was placed a small Brotherhood en- 

ine mounted on the same shaft with the machine; 

a third apartment, a battery of seventy pint 
cells furnished a current for two Rapieff candles. 
Numerous diagrams of the various machines ‘and 
lamps were suspended from the front part of 
the gallery, whilst the lecture-table was 





with the earliest and latest forms of regulators, 





lamps, and “candles.” ‘The machines of Siemens, 
Wilde, Ladd, Gramme, and De Meritens were 
briefly alluded to, and a few experiments made 
to show the energy of the current generated. ‘The 
maximum illuminating power of the various machines 
is shown in the following Table : 


Candles. 
Holmes Cah sane on ee 1,523 
Alliance eee eee i eee 1,953 
Gramme, ue : “ mt. 6,663 
; 0. bes 6,663 
Simens, small , 5,589 
14,813 


It would seem that the question of the division 
of the current, and, incidentally, M. Werdermann’s 
labours in that direction, should have received 
some treatment in a lecture on electric light, 
but both were passed over unnoticed. he 
‘‘ candles,” too, were dismissed with a hurried de- 
scription. The Rapieff we described at length in our 
issue of last week, The De Meritens is little more 
than a modification of the Jablochkoff candle already 
familiar to our readers. The insulating material 
between the two thin carbon rods is removed and 
replaced by a third rod fixed in the paraffine base 
midway between the othertwo, The current passes 
up through one of the outer carbons, and, helped 
by the nearness of the middle rod, réaches the third 
and thence completes the circuit. No commutator 
is used on the machine, so that alternate currents 
pass through the carbons, and insure the uniform 
waste by combustion and discharge of the incan- 
descent points, In order to light the candle, it is 
ene to diminish the distance between the outer 
carbons by means of a good conducting material. 
The intermittent nature of the currents imparts to 
the adjacent air corresponding pulses, which pro- 
duce a “ bluebottle” buzzing sound of considerable 
loudness. ‘Two of these candles were put ixto 
circuit, and gave 4 bright and steady light. The 
Rapieff cag, rs equally satisfactory, its dazzling 
splendour being subdued by an opal globe. 

he central light which was used in the per- 
manent illumination of the room, and which 
was equivalent to 1000 candles, was supplied by a 
Siemens machine. The unsteadiness with which it 
burned, its frequent spitting, and occasional ex- 
tinction, was not due to any imperfection in the 
apparatus, but to the inadequacy of the boiler to 
supply the little engine driving it. 

n the beginning of the lecture, Professor Tyndall 
illustrated the electrical conductivity of metals by 
forming a wire about 6 ft. long of ten alternate 
lengths of silver and platinum, On the.passage of 
the current, the more refractory platinum glowed 
intensely, while the spaces of the non-resisting:silver 
were quite dark. Towards the end of the discourse, 
Mr, Ladd made a parallel experiment with iridium. 
This is one of the rarer platinum metals. Its specific 
resistance is greater than that of platinum itself, and 
hence the increased luminosity of the wire on the 

e of a powerful electric current. Unlike the 
carbon light, the illumination was-not dazzling. It 
was soft and mellow. On the conclusion of the 
lecture, this beautiful experiment was repeated 
several times, 

Although Professor Tyndall did not indulge in 
any speculation concerning the future of the electric 
light, his own opinion was easily discernible through 
the texture of his very guarded discourse. He be- 
lieves it to be the light of the future, destined at no 
very distant day to illumine our thoroughfares and 
public buildings, our squares and esplanades, and 
even “possibly” our houses themselves. 


THE LATE THOMAS SOPWITH, F.R.S. 

WE regret having to announce the death of Mr. 
Thomas Sopwith, M.A., F.R.S., M. Inst. 0.E., a gentleman 
who had been long and honourably connected with the 
engineering profession, and ‘whose ‘death took place in 
Westminster on the 16th inst. Mr. Sopwith was born 
at Newcastle-on-Tyne on the 3rd of January, 1803, and 
at the time of his decease had, therefore, just entered 
upon his 77th year. He had been for nearly 50 years ex- 
tensively engaged as a civil engineer in mining, railway, 
and other works, both in this country and on the Con- 
tinent. ‘Like many of our most successful engineers, he 
was, so far as regards civil engineering, self educated, 
and in selecting that profession he followed a strong 
liking and a natural inclination for it. His earliest 
practice was in Newcastle-on-Tyne, where he made ex- 
tensive surveys and was employed by the late Mr. 
Grainger. He then went to Alston Moor, where he sur- 
veyed most of the mines belonging to the Greenwich 
Hospital estate, and added considerably to the then exist- 
ing knowledge of the principal mineral districts in the 
North of England by numerous books and. pamphlets 








which he wrote and published. Many of his plans and 
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sections were engraved on a yd by himself, there being 
far fewer facilities for reproducing “esi A in those 
days than in the present. After awhile Mr. Sopwith re- 
turned to his engineering practice at Newcastle, but the 
mining and surveying experience he had acquired 
enabled him at a later date to become largely instrumental 
in establishing the present Mining Record Office in 
Jermyn-street. In 1838 he was appointed a Crown com- 
missioner under the Dean Forests Mining Act, which 
appointment he held for several years. Many of the 
regulations established by him in that district still con- 
tinue in force. He made an elaborate survey of the 
South Wales coalfield, and Sopwith’s datum line is still 
referred to and adopted in those parts of the country 
where it was laid down. Inthe year 1842 he was engaged 
with the late Mr. George Stephenson in laying out rail- 
ways in Belgium, and with that eminent leader had 
frequent consultations with the King of the Belgians, 
who adopted many of their suggestions for the laws re- 
lating to railways in that coantry. His elaborate and 
exhaustive report, dated April 10, 1844, on the Sambre 
and Meuse Railway, which has since been incorporated 
with the main line, is to be seen in the library of the 
Institution of Civil Engineers, and may even now be 
taken as a model for documents of this nature. He was 
also concerned as engineer in the establishment and 
development of several large iron works and collieries in 
Belgium. 

From 1845 to 1850 Mr. Sopwith was engaged in general 
engineering practice with Mr. T. M. Smith and Mr. 
Marcus Scott, his brother-in-law, and commenced the 
surveys of many large railways under the superintendence 
of Mr. Brunel and other eminent engineers. In the year 


1850 he withdrew from the general exercise of his pro- | pac 


fession, having some years previously undertaken the 
management of the extensive mineral properties of the 
Beaumont family in Northumberland and Durham, which 
he found'to require all his time and attention. Met b 
the truly liberal spirit of his employers, he there found 
ample scope for his views with regard to the improve- 
ment and education of the working classes. He intro- 
duced into those mines, after careful investigation, an 
extensive system of hydraulic machinery, which had 
then been recently invented by his friend, Sir W. G. 
Armstrong. Mr. Sopwith published several valuable 
works on isometrical drawing and on mining and geolo- 
gical subjects, and he has left valuable records of much 
interesting fieldwork performed in company with the 
late Professor Buckland, especially with reference to the 
study of the glacial theory. He invented a contour 
system of illustrating many geological features by means 
of wooden models, which system has been extensively 
adopted by museums in England, on the Continent, and 
in America. Accurate in every detail of his profession, 
he remodelled the old-fashioned levelling staff, and in- 
troduced one which is still generally used and bears his 
name. 

Mr. Sopwith was one of the early members of the In- 
stitution of Civil Engineers, having been elected on the 
7th of May, 1883, and there are only twelve members 
now living who had joined prior to his election. He 
served on the Council of the Institute for the years 1846, 
1847, and 1848. He was a member of the Athen#um 
Club, a fellow of the principal scientific societies in 
London, and was President of the Meteorological Society 
during the sessions 1859-60 and 1860-61. Of his large- 
hearted benevolence he gave abundant proof, and few 
have succeeded to the extent he did in securing the 
esteem of those employed under him, For nearly sixty 
years he kept an accurate and detailed diary, which is in 
itself a remarkable work, and forms a record of a life 
actively, usefully, and honourably spent. He leaves 
a widow, the daughter of the late Addison Langhorn 
Potter, of Henton Hall, Northumberland, who has been 
his constant companion in his extensive travels at home 
and abroad. He leaves also two sons, mining engineers, 
and five daughters. 








THE EXPLOSION ON THE “THUNDERER.” 
To THe EprTor or ENGINEERING. 

Srr,—lI have found it both interesting and instructive 
to make an analysis of the different explanations which 
have been suggested of the bursting of the 38-ton on board 
the Thunderer. While some of these may be fanciful and 
uncertain, there are others which form real and abiding 
sources of danger, and point to defects in the gun itself. 
One thing which such an analysis brings out most clearly 
is the utter futility of the assumption that the gun itself 
cannot possibly be atfault. Nearly every suggestion which 
has been made points to some systematic defeet in the de- 
sign of the gun. 

The first (and favourite) suggestion is, that the shot slid 
forward after loading, and that the gun burst in conse- 
quence of the air space thus left between the shot and the 
powder cartridge. Admitting that the shot might have 
slipped forward, I have been quite unable to gather, from 
the sources of reference to which I have access, whether or 
not the effect of its doing so would tend to burst the gun. 
On the one hand we have the Elswick experience that a 
moderate air space actually relieves, instead of straining, 
the gun. Besides this, in the experiments of the Ordnance 
Select Committee, undertaken at Sir William Palliser’s 
instance, it was found that with air spaces of 10 in., 20 in., 
30 in., 40 in., and 50 in. im a 9-in. gun, the gauges showed 


Y | at the moment of striking it. 


On the other hand, the experience with small arms goes to 
show that there is danger in the Lrg lle being home. 
Ca and sportsmen using smooth on_ horseback 
have always made it a practice to try that the charges 
were home, both in carbines and horse pistols, before using 
them after a long ride, and it is scarcely reasonable to 
suppose that a precaution thus habitually adopted was an 
idle one. It is to be observed that this is a very different 
uestion from an obstruction at the muzzle of a loaded gun. 
tn the one case the air space is between the shet and the 
obstruction, in the other it is between the shot and the 
powder charge. On the whole, but as a matter of con- 
jecture rather than of certainty, I incline to think it pro- 
bable that a moderate air space, under certain conditions 
as to the burning of the powder, does not en r the 
gun; but that a very long air space, possibly with other 
conditions of combustion, may do so. It is conceivable 
that if there is a sufficiently long air space to permit the 
formation of a recoil wave, the meeting of that with the 
direct pressure waves might cause excessive local pressures, 
which might burst the gun, or bulge it if the barrel is of 
soft metal. In this case both the relative and absolute 
lengths of the air space would be elements in the question. 
But this reasoning is altogether conjectural and does not 
rest upon fact. Further experiment is necessary before 
this point can be usefully discussed. 

Secondly, it has been suggested by Sir William Palliser 
that the shot may have driven through the papier maché 
wad placed in front of it, and that a portion of the wad 
may then have squeezed between the shoulder of the shot 


Wad is not a wedge wad, but a dise of papier maché with 
a boss in the middle, through which there is a taper hole to 
receive the point of the shell. It is of course possible that 
this wad may have slid forward after loading in advance of 
the shot, and in that case the shot, meeting the wad im- 
tively, would be much more likely both to drive through 
it and to jamb at the shoulder in consequence of doing so. 
For if we imagine the motions reversed, the effect is the 
same as if this wad were flung against the shot at rest with 
a velocity equal to that which the shot actually has acquired 
increased if the wad were brought up by grit or any other 
source of statical friction. Again, as Sir ‘liam Palliser has 
pointed out, the use of the gas check in rear of the shot has 
greatly increased this risk by preventing the escape of gas 
between the shot and the gun in the space allowed for 
wind This escape of gas, when the gas check is not 
used, is sufficient to blow away the wad, and also fre- 
quently to clear away any loose dirt in the barrel. 

Thirdly, it has been stated that the system of rifling 
with an increasing twist is in itself a probable cause of the 
accident, and would also tend to ance very markedly 


the effects of — else which might go wrong in the 
‘o bani 





first inst: 1 readers it is neces- 
sary to point out that a varying twist implies that the 
shot not only does not fit the bore all along, but is practi- 


cally a misfit everywhere, both in the loading and in the 
firing. The soft metal studs, which take the grooves in 
the gun, are liable both to override the — and to get 
adrift, and in either case to jamb the shot. oreover, the 
holes which receive them weaken the shell and increase the 
chance of its breaking up in the gun. This has been so 
fully discussed in engineering circles—notably in your own 
columns—that it is unnecessary to argue further in condem- 
nation of the system. But it may be as well to call atten- 
tion to the greatly increased risk which this system involves 


when anyt else has gone wrong either with the gun or 
in the gun. The continuous thread, running in a uniform 
screw, might many defects which would bring up and 


twist a stud shading in a groove of increasing pitch. 

Fourthly, objection has been taken to the inner tube of 
the gun being of steel, which has very small extension 
within its limits of elasticity, while the outside of the gun, 
where the expansion due to deforming pressures is the 
least, is of the much more extensible material of soft iron. 
There can be no question that, so far as the mere strength 
of the gun is concerned, this construction exactly reverses 
the order of strength required to meet its work. It is easy 
to show* that the extension of any ring of a large elastic 
cylinder, under internal pressure, diminishes while the 
radius increases, and that the proper distribution of strength 
is to get the most extensible material on the inside. The 
outside of the gun is therefore the proper place for the steel 
tube. There are, however, motives of convenience for adopt- 
ing a steel lining. The proving of the guns with soft iron 
coil linings disclosed small blemishes, and there was con- 
stant and unpleasant discussion between the contractors 
and the purchasers as to whether these blemishes were, or 
were not, material imperfections. All this administrative 
trouble was got rid of by the adoption of the steel lining, 
which gives no inconvenient warnings. On the other hand 
there is, unquestionably, a real advantage in using steel 
instead of soft iron for the working surface of a gun, ex- 
posed as it is to various kinds of erosion, abrasion, and 
even actual bruising. 
* This may be made clear, without high mathematics, 
as follows: Consider the extreme ‘case of an india-rubber 
eylinder 12 in. bore, and 12 in. thick, its ends being closed 
by steel plates so lubricated that it can slide on them per- 
fectly. Suppose this cylinder expanded by gas or water 
power to an internal diameter of 24in., its length being 
unaltered. The inner layer will then be stretched in the 
ratio of 1 to 2. But the sectional area of the outer ring 
will only be increased by the quantity added to the area 
of the interior. The original area of the outer ring was 
9 circular feet, and the increase of the inner ring is 3 cir- 
cular feet. The outer ring has thus increased in area from 
9 to 12. But its linear stretching will be as the square 
roots of 9 to 12, that is to say, as 1 to 1.155. So that 
while the inside layer has been stretched to double, the out 





and the lining of the gun, and so jammed the shot. The/| n 


This risk would be greatly | | 


Fifthly, it has been suggested that the pressure of the 
powder at the back of the shell may have caused it to ex- 
pand laterally, and so made it stick. Considering the 
material of the shell, we need hardly discuss this seriously. 

Sixthly, the gun is known to have where a 
a shoulder in the steel lining nearly coincided with a junction 
of the coils. It is ed that the discontinuity inherent 
in the system of buil up guns from separate eoils is 
itself a source of weakness and danger. This is a well- 
established mechanical principle. Under strains roach- 
ing an impactive character, such as those to which guns 
are subject, the exhibition of weakness along any line of 
discontinuity is ey question of time. 

Seventhly, it has been suggested that the gan is greatly 
deficient in longitudinal strength, being held together at 
certain points by very little more than the steel lining. If 
a ring crack should form in this, it might burst so as to 
blow off the chase without the shell actually sticking. 

Eighthly, it is considered by some that the grip of the outer 
coils, in the first instance by ‘“‘ shrinking on,” is 
not permanent, but, especially under such abrupé strains as 
guns are subject to, relieves itself, and resumes equilibrium 
either by an altered molecular arrangement, or simply by 
stretching. In either case the outer coils cease to support 
the inner ones, and these become free to give way inde- 
pendently. 

Ninthly, an additional source of da: as wellas of in- 
convenience is to be found in the combination of muzzle- 
loading instead of breechloading, with an increasing twist 
in the rifling. With breechloading it would only have been 
to provide for one misfit, the misfit on the driving 
edge. ith muzzle-loading it has been necessary to pro- 
vide for a misfit on the loading also. 

It will be observed that out of the nine suggested causes, 
there are eight which turn or some real vice of the artillery 
system in present use, that six of these are actual faults of 
the gun, and that the other two, namely, the first and 
second, are either caused by the nature of the gun or 
enhanced in their dangerous effects by it. It is true that 
the use of the gas check, or of the papier-maché wad, and 
the sliding forward of either the s or the wad after 
ing, are matters which may be corrected administra- 
tively ; but they all arise primarily ont of the defects in- 
herent in the gun itself, and the evils of all of them would 
disappear with a better constructed gun. As it is, the at- 
tempt to secure an illusory theoretical advantage (that of 
imparting very gradually a rotary velocity to the shot) 
has caused the sacrifice of nearly every good quality a gun 
should possess, and has misdirected the mechanical skill of 
our artillery officers to the devising of experiments for 
nursing a bad weapon, instead of to the production of a 
good one. If one-half the energy and ingenuity wasted 
upon the former problem had been spent upon the latter, 
we should by this time have had the finest artillery in 
Europe, instead of now having to remodel our whole system 
and to renew all our heavy ordnance in order to place our- 
selves abreast of other nations. 

This crotchet, and possibly the want of nerve to “ write 
off”’ a first failure, has not only spoilt our shot and spoilt 
our guns, but it has also gone far to spoil our ships and our 
iron-cased forts. Only consider the difference in the design 
of these if they had been for a compact system of 
breechloading instead of for the Seer method of loading 
at the muzzle. A small port, closed by the chase of the 

n, instead of a big open port, 4ft. or 5ft. clearance 

already needed for the recoil) behind the breech of a turret 
or casemate gun, instead of 16 ft. of sponges and rammers 
either ex at the muzzle, or awkwardly sheltered ina 
lower deck, to which the gun has to be depressed, and all this 
forced upon us because a blunder had to be concealed and a 
weakling to be nursed. 

It has been objected to this complete condemnation of the 
Woolwich gun, that it proves too much ; that if the method 
of rifling is as bad as I stated it to be, accidents like that 
on beard the Thunderer would already have become common. 
The reason why they are not so, is to be looked for in the 
well-founded distrust which the Woolwich authorities have 
always entertained of their own production. When the 
ordinary “‘ life” of a gun was reckoned at 1200 or 1300 
rounds, the arsenal authorities refused to guarantee the 
safety of the gun for more than 400 rounds, and in a well- 
known gunboat used for nayal artillery practice, the gun 
was actually changed twice in firing 1000 rounds. This isa 
very serious thing, not only as regards the threefold increase 
of prime cost, but, what is more, the crippling of protracted 
or distant services. In sieges or in distant expeditions, the 
durability of a gun is not a question of cost, but a vital 
matter. T am, Sir, your obedient servant, 


C. W. MERRIFIELD. 
January 20, 1879. 








FLOW OF THE SEVERN AND THE 
THAMES. 

To THE EpIToR oF ENGINEERING. 
Srtr,—Owing to absence from London and numerous 
engagements, I have been unable till now to refer to the 
very friendly notice of my recently published work on 
‘* Water,’’ which appeared in your journal of the 3rd of 
January. The apparent discrepancies to which attention 
is there directed are too important to require apology for 
my request to be allowed a few lines in explanation. 
Captain Beechy’s estimate of the Severn flow (p. 112) 
refers evidently to the mean ordinary flow, not including 
extraordinary floods, and this though an indefinite measure- 
ment is one of considerable value to the engineer. It is 
given in the text to show the enormous proportion of the 
tlood waters to the total flow. In page 219, where the per- 
colation is estimated, the effect of the floods is also 
neglected, as they run off the surface with little diminu- 
tion. The quantity of rainfall running off in ordinary 








actually less pressure than when there was no air space. 


side ring has only stretched by about one-sixth of its 
original . 
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water is probably not very different from that given by 
Captain Beechy. 
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In the case of the Thames the absolute flow has been 
measured at Thames Ditton for so long a period and so 
systematically that hardly any doubt can be entertained of 
the accuracy of the statement made of its being equivalent 
to 6.67in. of rainfall. The measurement was made daily 
during 20 years and afterwards monthly with a similar 
result. The quantity (3$in.) alluded to in page 144 of 
** Water” does not include heavy floods. The observations 
of Mr. Hamson refer to only two years. 

: D. T. ANSTED. 


1, Princes-street, Westminster, January 16, 1879. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday’s market 
opened stronger, and an improvement to the extent of 2}d. 
was secured. Iron changed hands in the morning at 42s. 6d. 
to 42s. 7d. cash, and at 42s. 7d. te 42s. 8d. one month, 
closing sellers at the higher and buyers at the lower prices. 
In the afternoon from 42s. 6d. to 42s. 6$d. cash, ana from 
42s. 74d. to 42s. 8d. one month were paid. At the close 
there were buyers at 42s. 6$d. cash and 42s. 7}d. one 
month, and sellers near. The warrant market opened 
strong on Friday, and at an advance of 2d. per ton over the 
price paid on the previous day. Subsequently, however, 
the improvement was lost, and the close was ld. per ton 
under that of Thursday, and the same amount under last 
week’s close. Business was donein the morning at 42s, 8d. 
to 42s. 7d. cash, and at 42s. 9d. down to 42s. 7}d. one 
month, closing sellers at 42s. 6}d. cash and 42s. 74d. one 
month, buyers near. In the afternoon 42s. 5d. cash and 
42s. 6}d. one month were accepted, and the close for the 
week was buyers at 42s. 5d. cash and 42s. 6$d. one month, 
and sellers holding out for 1d. more. Monday’s market 
was firm all day. In the forenoon business was done at 
42s. 7d. prompt to 42s. 8d. cash in a few days, closing with 
buyers at 42s. 73d. cash. A large business was done in the 
afternoon at 42s. 84d. to 42s. 9d. cash, and at 42s. 10d. to 
42s. 10}d. one month, the market closing quieter with 
sellers at 42s. 8d. cash and 42s. 9}d. one month. The 
warrant market was again firm yesterday, and prices im- 
proved id. per ton further. There were transactions 
during the forenoon at 42s. 94d. one month, and at the close 
there were buyers at that price and 42s. 7}d. cash, and 
sellers 1jd. more. Inthe afternoon from 42s. 9d. to 42s.10d. 
cash, and 42s. 103d. one month were paid, the market 
closing with sellers at 42s. 10d. cash, and 43s. one month, 
and buyers ld. per ton less. The market was flat this 
forenoon, when business was done at 42s. 9d. one month 
fixed, closing with buyers at 42s. 74d. cash and 42s. 9d. one 
month, sellers at 1d. per ton higher. Quietness reigned 
in the afternoon, and sellers asked 42s. 94d. cash, while 
buyers offered 4d. per ton less. There has certainly been 
a somewhat better feeling during the past few days, and 
some confidence was imparted to the trade by the reduction 
of the Bank rate. A greater disposition has been shown to 
buy for forward delivery, but most brands can now be ob- 
tained for present delivery on easier terms than those 
asked a week or ten days ago. The home consumption is 
very restricted, as work is not fully resumed in the iron 
foundries and forges since the holidays. There is no 
alteration inthe number of blast furnaces in — 
the total being still 89 as against 86 at this time last year. 
A large quantity of pig iron was sent into the public warrant 
stores last week, the total stock with Messrs. Connal and 
Co. up till Friday night being 204,162 tons. Last week’s 
shipments amounted to 6291 tons, as compared with 
4532 tons in the corresponding week of last year. 


Edinburgh and Leith Engineers’ Society.—A meeting of 

this Society was held last Wednesday night—Mr. R. C. 

Reid, M. Inst. C.E., in the chair—when a paper was read 

by Mr. John Ritchie, on ‘‘ Direct-Acting Pumping 
ngines.”” 


Royal Society of Edinburgh.—At an ordinary meeting 
of the Royal Society, Edinburgh, held on Monday evening 
—the President, Professor Kelland, in the chair—a note 
on the ‘‘ Experimental Determination of the electro-motive 
force of the Gramme Magneto-Electiic Machine at different 
Speeds” was read by Professor P. G. Tait, who stated that 
various accidents had prevented him from following the 
whole plan of inquiry into a subject of which was closely 
connected with the electric light. The same gentleman 
also read a paper on the “ Law of the Cooling of Bars.”’ 


Mr. Donald Currie and the Associated Shipwrights.— 
The Associated Shipwrights of Scotland have just testified 
through their secretary to their sense of deep obligation to- 
wards Mr. Donald Currie for the part he took in the arbi- 
tration of the great Clyde dispute by forwarding to him a 
handsomely morocco-bound copy of their proceedings, along 
with a letter, in which the secretary says: ‘“‘I am desir 
by our members to request you to accept the accompanying 

rt as a remembrance of your successful labours in 
Glasgow in 1877, and asa token of our confidence, grati- 
tude, and sincere thanks for your lengthened and disin- 
terested efforts to secure an amicable settlement of our 
dispute in that year. ‘Trusting you will shortly secure a 
place in St. Stephen’s, where men of your acknowledged 
ability are so much required, and especially on this vexed 
question of capital and labour, I am yours truly, Alex. 
Wilkin, Secretary.’ The volume bears an illuminated in- 
scription in appropriate terms. 


The Fifty-Four Hours’ Movement in Glasgow.—Hyde 
Park Locomotive Works, Glasgow (Messrs. Neilson and 
Co.), were thrown open for work on Monday, after having 
been closed for three weeks. When the workmen were 
dismissed for the new year holidays, a notice was issued to 
the effect that on work being resumed, it would be on the 
basis of 54 instead of 51 hours per week, with an increase 
of weekly wages above 1l. With the exception of the 


moulders, who were, at their own request, allowed a bee 
or two longer to think over the new terms, practically 








the men—both union and non-union—presented themselves 
at the works on Monday and began work. 


Peterhead Harbour.—At a meeting of the Peterhead 
Harbour Board held last week, it was unanimously resolved 
to inquire into the funds applicable, under the Board’s 
borrowing powers, for extended harbour works, and to 
empower acommittee of their number to make application 
to the Public Works Loan Commissioners, should they deem 
it e ient, for a grant of from 50001. to 10,0001., to be 
employed in the construction of a breakwater to run into 
the South Bay. 


James Watt Anniv —On Saturday evening the 
annual dinner, held by the Association of Foremen En- 
gineers of Glasgow and the West of Scotland, in commemo- 
ration of the birth of James Watt, took place in the Royal 
Hotel, Glasgow. Mr. Edward Snowball, of the Hyde Park 
Locomotive Works, occupied the chair, and Mr. A. D 
Bryce, of Messrs. John Elder and Co.’s Engine Works, was 
the croupier. There was an unusually large attendance, and 
amongst the speakers there were Mr. Samson Fox, of the 
Leeds Forge, and Mr. Webster, of Sheffield. Several 
very interesting speeches were made on the occasion. 


Glasgow Fairfield Association.—An ordinary meeting of 
this Association was held in the Religious Institution rooms 
on Wednesday evening, January 15th, Mr. James Stewart, 
the retiring president, in the chair. There was a large 
attendance of members and others interested. The chair- 
man, in opening, made a few remarks for the benefit of 
new members, on the constitution and object of the Asso- 
ciation. He then read a very interesting paper on ‘‘ Heat,” 
illustrating his remarks tay Senge and numerous experi- 
ments. At the close a number of new members were 
—r and office bearers for the ensuing year were 
elected. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MiIppLEsBRoUGH, Wednesday. 
The Cleveland Iron ae, CL there was a 
much larger attendance on ’Change at Middlesbrough than 
there usually is. The failure of the Rosedale and Ferry- 
hill Iron Company, Limited, had attracted a number of 
persons to the Middlesbrough market. Messrs. Connal 
and Co., the warrant store-keepers, reported that their 
stock was 70,000 tons at Middlesbrough. Their Glasgow 
stock they return at 204,840 tons. Nominally their 
Middlesbrough warrants f.0. b. are quoted 34s. 9d. per 
ton net cash No. 3. Pig iron makers feel just now that 
their trade was never in such an unsatisfactory state. 
Makers quoted on ’Change No. 3, 34s. per ton less one per 
cent., and merchants offered the same quality at a lower 
— We did not hear of a single transaction worth 
uding to on ’Change. 


The Finished Iron Trade.—There is really no change in 
this branch of industry. Trade is dull and orders are 
difficult to obtain. 


The Cleveland Ironmasters’ Association.—The annual 
meeting of this Association was held on Monday at 
Middlesbrough, and Mr. Thomas Hugh Bell, the eldest 
son of Mr. Isaac Lowthian Bell, M.P., was elected Presi- 
dent of the Association in the room of Mr. W. RB. I. 
Hopkins. 


Failure of the Rosedale and Ferryhill Company.—Like 
a thunderbolt on Saturday morning news of the failure 
of the Rosedale and Ferryhill Iron Company, Limited, fell 
upon Middlesbrough, and the whole of the North of Eng- 
land. The unpleasant fact was made known to the creditors 
through the following circular which had been posted late 


on Friday night : 
Middlesbrough, January 17, 1879. 

Sir,—We regret to inform you that owing to the very 
great depression in the iron trade which has existed so long, 
and of which there seems no immediate prospect of im- 
provement, the Rosedale and Ferryhill Iron Company, 
Limited, has this day suspended payment, although the 
directors have every reason to believe that the assets of the 
company will fully suffice for the payment of all the lia- 
bilities. A statement of affairs will be at once prepared 
by Messrs. Monhouse, Goddard, Miller, and Co., public 
accountants, and immediately on its completion submitted 
to a meeting to be convened without — for the purpose 
of determining the course to be pursued. In the mean- 
time we have to ask your indulgence, and are, Sir, your 
obedient servants, for the Rosedale and Ferryhill [ron 
Company, Limited, 

James W. Morgison. 

The company are the owners of very extensive ironstone 
mines at Rosedale in Yorkshire, ten blast furnaces at 
Ferryhill, the Thristlington Colliery in Durham, and 
the South Kirby Colliery, near Barnsley. Being possessed 
of mines and collieries of their own, with which they sup- 
plied themselves with materials for iron-making, the com- 
pany have not so many creditors as might be expected. 
They are indebted to a few firms in the North for lime- 
stone, coal, and coke; their largest creditors are bankers 
in Newcastle-on-Tyne. A hasty examination of the books 
show that the liabilities are about 280,0001. against assets 
estimated at nearly half a million, but which allowing for 
depreciation in the present depressed condition of trade are 
believed to be worth about 350,000). The failure is at- 
tributed to bad trade, some heavy losses, and disappoint- 
ment in remittances which were expected. The company 
was formed in June, 1864, with a capital of 754,0001. The 
roprietors then were Mr. George Leeman, M.P., of York, 
Mr. Alexander Clunes Sheriff, M.P. for Worcester, Mr. 
Alfred Allott, of Sheffield, Mr. Isaac Hartis, of Kirby 
Moorside, Mr. James Morrison, of Newcastle-on-Tyne, and 
a few ge g- pee — m, who poe a: by werner 
manager of this great un . in 
of last year. Mr. Sheriff is also dead. Since the deaths of 








77 
Mr. Morrison, his son, has held the position of . 
Some of the creditors have ‘ean evnbalied: and et 
are of opinion that the mines and furnaces should be con- 
tinued in operation till the general meeting of creditors, 


which will be held as soon as can possibly be arranged. 
Yesterday a second meetin large creditors was held at 
Middlesbrough, when a sheet was submitted, and 


was agreed that a committee consisting of Messrs. David 
Dale, George Dyson, John Marley, H. Tennant, and 
William Smith should act with the board of directors, and 
carry on the works till next Tuesday, when there will be a 
general meeting of creditors. 

_ Engineering and Shipbuilding.—There is nothing new 
inengineering. It is matter for congratulation to be able 
to state that to-day (Wednesday) the shipbuilders of the 
Tees have to a compromise in the wages question. 


_ | They will accept a reduction of 7} per cent. on platers, and 


5 per cent. on rivetters. The ironmen on time are not to 
be reduced. ters and men are _— on this com- 
promise, and the dreaded strike on the Tees is thus avoided. 


The Coal and Coke Trades.—All kinds of fuel, with the 
cnagupe of households, are little in demand, and prices are 
ow. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Birkenshaw Improvements.—A meeting of the Local 
Board of Birkenshaw has been held, and it has been re- 
solved to supply the town with water. This will involye 
an expenditure of about 40001. The board is also about to 
undertake the lighting of the town. 


Duffield Sureragel Tes has been much inconvenience 
for years past in Duffield because of the inadequate sewer- 
age arrangements, and the health of the town has not been 
so satisfactory as might be desired in consequence. An 
engineer is to be called in to draw up plans for the neces- 
sary works. The sewage it is supposed will be disposed of 
by irrigation. 7 

The Improvements at Doncaster.—The Corporation of 
Doncaster are going to large expenses in providing for the 
wants of the town. Mr. Thane is to sink a trial shaft 
outside the embankment at the new water works. The 
work to be done is, however, of so difficult a character, 
that it has been decided to call in Mr, Hawksley as con- 
sulting engineer. There was a second name brought be- 
fore the committee, that of Mr. Bateman, but after a brief 
discussion, Mr. Hawksley was elected by nine votes to five. 
A special loan has been mted for c out the 
works in connexion with the Wheatley special drainage 
district. 

Chesterfield and Derbyshire Institute of Mining, Civil, 
and Mechanical Engineers.—At the last general meeting 
of the members of this Institute, Lord Edward Cavendish, 
the President, occupied the chair. A discussion took 
place on ‘‘ The Electric Light and Gas,’’ when Mr. Jones, 

£., engineer to the Chesterfield Gas Company, gave 
some important opinions on the subject. 


NOTES FROM THE SOUTH-WEST. 

South Wales Coal Shipments.—Cardiff has now taken 
the lead in foreign coal shipments of any port in the 
country, but Newcastle ex Cardiff in quantity of 
coal which she sends out for home consumption. During 
1878 Cardiff shipped 4,038,306 tons of coal to foreign ports; 
Newport, 772,503 tons; Swansea, 686,142 tons; and 
Llanelly, 70,599 tons. For 1877 the shipments were—Car- 
diff, 3,658,003 tons; Newport, 611,1 
653,630 tons ; and Llanelly, 59,056 tons. , Car- 
diff shipped in 1878, 814,871 tons; Ni rt, 877,290 tons ; 
Swansea, 241,425 tons; and Llanelly, 123,415 tons. For 
1877 Cardiff shipped coastwise, 808,410 tons ; Newport, 
823,921 tons ; Swansea, 257,395 tons ; and Llanelly, 114,376 
tons. In 1869 Cardiff df shipped to foreign wy 
2,000,000 tons ; Newport, 335,000 tons ; Swansea, 000 
tons ; and Llanelly, 126,000 tons. 


Winding-up Welsh Works.— Vice-Chancellor Sir Richard 
Malins heard petitions on Friday for winding up the Blae- 
nayon Iron and Steel Company, and Messrs. W. Booker 
and Co. (Limited). A compulsory winding-up order was 
made in each case. 

The Bishop Rock Lighthouse.—Mr. J. Douglass, the 
engineer to the Trinity House, returned to Penzance on 
Tuesday night, having been unable, owing to a rough sea, 
to effect a landing at the Bishop Rock eco gone where 
a stone was reported to have become displaced, and which 
Mr. Douglass had gone to inspect. Captain J. U. Tre- 
garthen, superintendent of lighthouses and Trinity works 
in the Cornwall district, states, however, that the dis- 

laced stone in no way interferes with the stability of the 
ighthouse, and that there is not the slightest ground for 
apprehension or alarm. 

Wages on the Rhymney Railway.—The gaugers and 
packers on the Rhymney Railway have been Informed 
this week that a reduction of 1s. per week (about 5 per 
cent.) in their wages will take place as from January 25th. 


Plymouth and Abernant Collieries.—The Plymouth 
and Abernant Collieries Company have informed their men 
that it will be necessary under the existing condition of 
trade to make a temporary reduction until March next of 
at least 10 per cent. 


Tue MississtpP1.— Captain Eads, who has charge of the 
work on the jetties at New Orleans, writes as follows, 
under Date of December 9: ‘‘To day the steamship City 
of Limerick, drawing 23 ft. on even keel, went th h the 
jetties without the least trouble. Tide two-tenths below 
average flood tide.”” The City of Limerick is the la 


rgest 
deepest draught vessel which has ever come to the 
of New Orleans. ; a 


tons , Swansea, 
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TRIAL OF THE PUMPING ENGINES FOR 
WATER WORKS AT LAWRENCE, MASS. 
Designed ied by LP. Bona E. D. Leavitt, Jun., C.E. 


Constructed orris & Co. i Paliadeiphie. 
Calculation he Dele sbleteesDe Duty per _—_ 
pS rth cylinders, estimated from the i 
cards: 
Diameter of high-pressure in. . in. 
cylinders = eee 18 area, 47 
This will be effective area of 
——- of piston ; of the top 
t will be less the area of 
ak or 254.47 —9.62... 244.85 
Diameter of low-pressure cy- 
linder .. 38 area, 1134.11 
Top area of piston, 1134.11 — 
12.57 1121.54 


During the 22 hours. from 2 a.m to 12 p.m., May 2, the 
av poe. by eter, were : 
= epee cylinder 51.65 
” ” aoe eee 55.01 
Top of f low oe e ee 10.82 
1.65 , oy ee 9.59 
high preseure "51.65 x "244.85=12646.5 
Bolte = » 55.01 x 254.47= 
Top low » 10.82 x 1121.54=12135.1 
Bot. » 6.59 x 1134.11= 10876.1 


24781.6 24874. 5 49656.1 
The h of stroke was 8ft., the number of revolu- 
c , and coal consumed 7266 Ib. 


tions 
40656. x sidtbn 8 a, 172,965 Ib. ft. per pound of coal; 
since 1 horse power== Royo ft. per hour. 


, ’ 














1,172,365 
That is, 1 yan horse power for every 1.69 lb. of 
coal fed upon the 
the 35 = from 3 a.m., May 3, to 2 p.m., 
May 4, the average pressures in the steam —— were: 
Top of high-pressure cylinder ; - aa 


tom, ” ” 
Top of low * a. 10.86 
9.60 


re, 651,88 244.85=12, 702.8 
h pressure, 65.69x 254.47= 14,1714 
Top lon low pressure, 10.86x 1131. b4=12,179.8 
Bottom low pressure, 9.6 x 1134.ll= 10,887.4 


24.882,6 25,058.8 49,941.4 
The - emaad of revolutions was 34,218, coal consumed 


ll, 
49,941. alata ==1,175,508 lb. ft. per pound of coal; 


1,980, 000, 684 lb. per hour, per 1 indicated horse power. 


1,175,508 
In the early of this report the duty per pound of 
coal determined by the terms of the contract on the main 
was: 
For the 22 hours... 962. oo1.778 Ib. ft. 
6 


35 one s 

During the 34° "hours of trial of the engines running 
coupled, the average pressure was 77.73 lb. ; the gallons 
disc into the reservoir 11,450,593 ; coal consumed 


18,411 
18, rn 
per pound of coal. 

Comparison of the Static Head of the Water over the 
Weira the lof the Water in the Well, with the 
Head determined according’to theTerms of the Contract : 
For 22 hours, May 2 Static head 168.48 

Contract 75. a 31=176.47 

o» 95 5 » 8&4, Static head 168 
75. T9x2. 31=175.07 
” 34 ” ” 


Contract 
5 &6, Static head 169. 
Contract 77. 13x32. $1179.56 
arison of the Measured Capacity of the Pump 
with h the Delivery into the Reservoir.—No measurements 
of the interior of the pump-barrels were taken by the ex- 
. The measures have been taken from the notes of 
Leavitt. Diameter of pamp-bucket, 26} in. ; area, 
538. 05; stroke, 96 in. 


1596.05 x96 ==222.77 gallons per revolution. 


In the 22 hours : 
4,527,340 gals._911 19 gallons per revolution ; 


21,444 revs. 
948 of meee ~ wi In the 35 hours : 


7,261,209 gals. __9) 
sale revs. aan 
.952 measured “Tis the 34 hours : 
= male. 11 gallons ; 
27,248 x . 
.943 measured capacity. 

Evaporation.—The quantities of water measured at the 
tanks are not exactly the quantities evaporated in the 
boilers, as it will be o' that the levels of water in 
the boilers are - the same at the ends of the tests as at 
the beginning. correction must therefore be applied. 

For the data rs this calculation there was assumed a 
uniform pressure in the boiler of 90 lb., 330 deg. of 

temperature, of \feed-water of 100 deg., of total in steam, 
1214 deg., in all the tests. The cubic contents of each 
boiler, for the single inch between 6 in. and 7in., we 
estimate at 10 oubls feet, and the weight at 605 Ib. In 
the 1st and 3rd tests the level of water in the boiler at the 
end of tests was 5 in- and 7 in. higher than at the beginning, 














or 
eT ets... meee, 
been raised from the tem ture e "ot feobwater, 100 


duetion we 
In the thi 


the end of the test was 1.5 in. lower than in the 


330 deg., 
which s 


i 
it 
rit 


ird test, in the on. SR tine ea 
duction to be 672 lb. 
In the second test, 35 hours, the water in the 


nivalent to'1440 Ib. evaporated from 100 

a il be edt oral “ 
water was weig in @ measuring 

45 deg., and taken from it for the 2 at 100 deg. The 

last columns are the pounds 

difference in temperatures. 


and 847 Ib. in Goce, more 
bathed 


peratu 


boiler at 


Water E 
from 100 deg. 





° Zs 
; é 
: 


j|i 


Water from Tanks. 
Actual Evapora- 


tion per Pound 


of Coal. 


i 





sae Sint So Rane. 
2nd ,, ere 
iven in the Table. ard a ” 
tank at 


oo | 18,411 


| 


—480 
+1440 
—672 


8.27 
8.27 
8.69 


7,266| 60,852 
:}11{630 | 95,100 
161,330 























of water corrected for this 





Lawrence Water Works, May 4th, 1876. 


ndicator diagrams, lower end. 

High peseent ay linder 18in. in diameter, 96 in. stroke. 
Volume, 24429 cubse inches=14.13715 cubic feet. Clearance, 
564 cubic i =2.31 per cent. 

Low-pressure — 38in. in diameter, 96in. stroke. 
Volume, 108874 inches —— cubic feet. Clearance, 
1977 cubic inches=1.82 per cen’ 

Difference of volume of >. 108874 — 2442984445 
cubic inches. 

Clearance of ~~ cylinder and difference of 


volume of in terms of volume of high- 
pressure cylinder, as fo 
1977— 24429-— 080028-—8.09 per cent. 
24429 = 3.4567. 


8445— 
Isothermal'curve, p @ v. 
Adiabatic curve, p a— vid, 
Barometer corrected 30.099 inches=14.78 lb. per square 


inch. 
I axis of isothermal curve. 
A axis of adiabatic curve. 


of Exhaust Hiyh Pressure 





cocoa 





At the time of the tests the preparations were not suffi- 
po Aap complete to measure the water condensed 
this was made the subject of an after examina- 


in the 




















98765 493.2 7 0B 


Lawrence Water deny , May 4th, 1876. 


Indicator diagrams, upper 
High-pressure = 18in. in diameter, 96in. stroke. 


Piston rod, 3.5 in 


inches = 13.6041 cute 1 feet. 


2.56 per cent. 




















sted cubic inches. 


the amount of 
Phe surface of piston 
evapora 


diameter. Volume, 23508 cubic 
Clearance, 601 cubic inches= 


Piston rod, 4in. in diameter. Volume, 107674 cubic inches 
=62.1313 cubic feet. Clearance, 1135 cubic inches—1.54 


| ; Low-pressure cylinder, 38in. in diameter, 96in. stroke. 
ig 7 per cent. 
Difference of volume of cylinders, 107674 — 23508=84166 


Clearance of low-pressure cylinder, and difference of 


volume of cylinders expressed in terms of volume of high- 
pressure % er, as follows : 
135+235(8= .048281=4.83 per cent. 
; 84166-——-23508=3. 
i Isothermal curve, p a v. 
Adiabatic curve, calculated by Rankine’s formula 
F pa vit, 


Barometer corrected 30.099=14.78 Ib. per square inch. 

The difference between the two abiabatic curves shows 
water present in the steam at cut-off eva- 
rated by heat derived from the jacket ; and the effect of 
rods acting as a surface condenser in 
aT steam during abuiaien to be subsequently re- 


I axis of isothermal curve. 
A axis of adiabatic curve. 
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tion by Mr. Hoadley, May 23, using tank for water of con- Duty.—The lift, as determined by the terms of the con- In the 35 hours’ test of May 3rd and 4th, the lift was 
densation as a measure. i the hook gauge, he | tract, was in the 22 hours’ test of May 2nd, 75.96 lb., or | 75.79 lb.=175.07 ft. 
found that from 11 a.m. to5p.m., the water rose from | 75.96X2.31=175.47 ft. 3 The amount delivered at the reservoir was 7,261,209 
.0155 ft. to 1.7700 ft. or 1.7545 ft., or at the rate of .2924 ft. The amount of water delivered at the reservoir was, as —, and plus 5 per cent. = 7,624,269 or 
hourforsix hours. The area of tank, including gauge- | above stated, 4,527,340 gallons. The ht of a gallon of 891,374 Ib. 
, was 19.186 square feet. The mean temperature of | water, from the ific gravities taken by Mr. Hasenclever, The coal consumed re we time 11,630 Ib. : 
water, 188 deg. ; weight per cubic foot, 60,4167 lb. we estimate at 8.38 lb., 4,527,340 +5 per cent., as 175.07 x 68,891, 496) 776 lb. ft 
19,186 x .2924 x 60.4167=338.85 Ib. per hour, per terms of contract=4,753,707 x 8.38 Ib. 39,836,064 Ib 11,630 z ox 
as the water condensed in the jackets of the cylinders, en- | The coal consumed during the time, 7266 Ib. : for the duty of 1b. of coal. 
gine B. 175.47 39,836,064 969 919 Ib. ft. The duty to be obtained by the contract must be equal 
But exactly the same conditions did not obtain as during 7266 to 95,000,000 Ib. lifted 1 ft. higher for every 100 1b. of coal 
the test. The pressure carried in the boilers at this time | for the duty of 1 lb. of coal. consumed in the boiler furnaces. Both results above are 
<| wo 9 © \ cl= 0256 ‘ 
© : 2} ol) \9} : > . 
ss ess ay y Encine B. z TEE = 
Bottom High Pressure. a We 
Fig 8 Fig. 10 
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Encine B. Bottom Low Pressure. si a Fig 11. 
Fvg. 9. : + 
= |. ps did J | | | 
ja 5 7 bc : 
eldodd ggg <I dad | 
+ a i 7 , rs | J ols; 
AT J « Jy d Y#aa% . 5 Pe fh 
Fx 4 oy ys Idadda os it * oy uaa: 
st! 1 9 Ts 4 Ff 2 oe |) oe : t+ ot gene 
0 x) 8 7 é 6 a 3 # “cl cl~.0182 za anaes 7 , er ; 
from 70 Ib. to 75 Ib., and th i ENGINE B.—UPPER END. : 
elvooueninn cylinder jacket at 75 i. ras OES dog. At May 6, 1876, 11.80a.m. Elliott Indicators. Barometer corrected, 30.099 in.=14.78 Ib. 
the time of test there was an average of about deg . 
under 90 lb. pressure. Volumes in | Measured Adiabatic | Isothermal | Adisbatic 
Coal Conswmed per Hour per Square Foot of Grate.— | Panror | Jerms ot fos, | Texmperetare, Curve begun at| Curve begun | Curve begun wee 
During the first and second tests, of 22 hours and 35 hours, STROKE, b-Pre ~- re Pressures ab- F nheit Cat-off, at Cut-off, jatll times the 
although both boilers were used, the grate surfaces were linder. solute. P.= 106.7. P.=1067, |Full, P.= 10.00. 
reduced by a brick bridge on the rear of the bars, which 
were removed in the third test, when the engines ran S , 
coupled. The net area of grate surface in the first and br poe — 330.9 
second tests was 47 square feet; in the third, 58? square 1 1256 104.7 330.9 
ar v ous 107 330.9 161.7 157.6 
= 2 2256 : . . . 
eae per Hour. 25 2706 1047 330.9 130.7 129.0 
7266 _o. 330.3. Cc a 4 (108.7) 3303) 1087 1047 1 =128.6 |(Cut-off, 
“Fy 200-5 = 7.08 Ib. por square foot of grate. 35 3756 93.0 332.4 4.1 94.7 H=l04 : 
patent 4 4256 81.1 312.8 82.4 83.5 1}= 83.6 
econd test : 45 4756 72.6 305.2 74.2 74.8 14= 70.9 
11,630__ 332.3 332.3 _» 07 55 5256 65.5 298.3 65.8 67.7 2 = 61.6 |(Exactly 0.65 H.P.) 
ae ” ” 55 5756 60.0 292.5 59.8 61.8 a= 54.8 
Third test : 65 6256 55.1 287.0 54.7 56.8 a= 48.6 
18411 541.5 65 6756 51.2 282.3 50.4 52.6 = 48.9 
18,411 __ 541.5 415990 _, ” 7256 47.6 279.8 46.7 49.0 8 = any |{(Very noes evel HP. = 
- = 15 7756 44.9 294.2 43.5 46.0 eeany 
Comparison of curves as given by the indicator with ‘8 8256 42.3 270.5 40.7 = 29.5 |(Very near 0.05 L.P.) , 
theoretical, adiabatic, and isothermal curves. A set of indi- 85 8756 402 267.4 38.3 40.6 
cator cards, from both ends of both cylinders, were very 9 9256 38.4 264.7 oat 584 = 28.25)(Very near 0.15 L.P.) 
carefully divided and measured by Mr. Hoadley, of our ry came ay | = ~ 4 = 192 
Board, and replotted, the low-pressure cylinder at bottom, : ? ; : . 
in connexion with high-pressure bottom, and the low- M 71.37 { 285 = 
pressure top with high-pressure top, all volumes being re- — . 57.5 Ib 
presented in the terms of volumes of yeaa linder. ; 
On these cards, thus constructed, isothermal and adiabatic “ oe “ os ove a 7=16.8 
curves and lines of temperatures are plotted. The indicator -_ win a ss = - pane 
cards and comparative cards are given in the accompany- Cross pipe 11248 ~ vas 29.3 316 
ing figures, with the tables of volumes, temperatures, and 0.0 1.1731 29.9 249.4 28.1 30.3 10=11.1 
pressures, on which 'the comparative cards were con- .05 1,3521 24.9 239.8 24.1 26.3 
structed, and which will be sufficiently explanatory of each +. — a = ber = 11=10.06 |Starting-point. 
The Board of Experts report, as the result of their ex- +. — ine 373 184 172 a, 
amination, as to the fulfilment of the requisitions of the 3 2.2472 15.2 218.7 141 15.8 18= 8.42 
contract, that: From 2 a.m. to 12 midnight, May 2nd, 35 2.4262 41 209.9 13.0 14.7 zs 
22 hours, there were delivered into the reservoir, as 4 2.6052 13.3 207.0 12.0 13.6 14= 7.79 |Near end of diagram. 
measured by the weir observations taken at intervals of not 45 2.7842 12.6 204.3 11.3 8 
more than five minutes, 4,527,340 gallons, or yA a 9 ee = 4 
2,057,881 gallons for each ten hours. 6 3.3213 10.9 197.3 9.3 10.7 
Revolutions, 16.25 per minute ; boiler pressure 90 Ib. ry pene Lory ne - wx} 
From 3 a.m., May 3rd, to2 p.m., May 4th, 35 hours, the 75 3.8583 97 191.8 19 9.2 
delivery into the reservoir, measured as before, was ‘8 4.0373 9.3 189.8 75 ws 
7,261,209 gallons, or ‘85 42164 8.9 187.8 7 3 a4 
2,074,681 gallons for each ten hours. ts ro - as 6 73 
Revolutions, 16.29 ; boiler pressure, 89 Ib. Return 4.5903 (8.0) 
The contract is for 1.0 4.7534 5.4 165.4 6.3 7.5 (At 4.7576) 
2,000,000 gallons in ten hours for each engine, " nasees 205.315= , 
with a speed of 16 revolutions per minute, and a steam — co 12.855 Ib. 
pressure in boiler of 90 lb. per square inch. 
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ENGINE B.—LOWER END. economical, and that the duty now arrived at could be 
3 i i .. Baro .099 in, = 14.78 Ib. readily surpassed after longer working and acquaintance 
May 6, 1876, 11.30 a.m. Elliott Indicators. meter, counted, 30.099 in. with the diene aul their eaten. 
es c. : a b it es. es : 3 | eu é ours respectfully, 
£Ss $3 4 £3 at BRS 3s 4 83 oe (Signed) W. E. WorTHen. 
Sins 3 = 24. a SS 3 La Pies ; J. C. HoapuEy. 
; BAS 2 ces oe é BMS a8 p Eve | bei og 
4 a oF Z é es | 82 4S atm | Ee i | 838 |o2 Jos. P. Davis. 
& “3 g enn | 48 5 a é ; esi | 4o * 
a 58 3 eg | #2. | Bo . sz6 | £6 Hy gs~ | Ez, RIVER CONTROL. 
° ES a3 Ze Z 3 s a’ be E> : 3 é e | @e8 | 3e8 Remarks on River Control and Management.* 
E 3% af Bs sEu | s&s F Sse & 52 | SE; Bes By J. CLarke HAwKsHaw. 
a a Piha SP _ al ee s a - PT TE (Concluded from page 61.) 
| | In considering the works necessary for the prevention of 
0.0 0231 106.6 332.2 | 0.0 1.1040 30.9 251.6 315 33.9 floods, the question arises whether the extra sectional area 
05 0731 106.6 332.2 05 1.2768 23.7 237.1 27.0 29.3 required in a river channel should be obtuined wholly by 
a 1231 106.5 332.1 A 1.4497 30.8 seas 23.6 | 258 | increasing the section of the channel below the surface of 
‘16 ‘1731 106.3 332.0 15 1.6225 18.9 224.9 21.0 23.0 | the land rtly by that P peotrt hau bank 
2 2281 106.0 331.8 172.5 167.6 2 1.7953 16.1 216.6 18.8 20.8 © land, or partly by that means and partly by em A 
25 ‘9731 105.6 331.5 139.1 136 9 25 1.9682 147 212.0 17.1 | 19.0 |ments. When the fall is small, the latter plan must often 
3 3731 105.4 331.4 116.4 115.7 3 2.1410 13.5 207.7 15.6 17.5 be resorted to, and also when the flow in flood time is very 
Cut-off 3500 105.3 os 105.3 105.3 35 2.3138 12.6 204.3 14.4 16.2 | large, as compared with the ordinary flow. As there is 
35 ae 7 oor.8 — ae y> by 4 or asa a ry often some saving in making use of embankments, there 
‘45 {iat 78.5 310.5 77.6 79.0 5 2.8324 10.4 195.1 11.6 | 182 | will be a tendency to adopt them, more especially among 
5 16231 71.0 303.7 69.7 71.5 55 3 0052 9.9 192.7 10.9 | 124 | local drainage authorities having small means. But unless 
“55 5731 65.0 297.8 63.3 65.2 6 3.1780 9.4 190.3 103 | 118 |they are well maintained, the first saving is soon swept 
& 6231 59.9 292.4 57.9 60.0 65 3.3509 9.0 188.3 9.7 11.2 away by the damage done by floods to which their neglect 
65 6731 55.6 287.6 53.4 55.5 7 3.5237 8.6 186.2 9.2 10.6 | gives rise. Asa rule, the larger the jurisdiction of the autho- 
7 7281 51.9 283.2 = ror _ — ae eee! 7 1) |rities having to maintain the banks, the better are they 
ry = ry asad = = 4 | “85 4.0422 77 181.1 79 93 | maintain This is noticeable on the Witham, where the 
85 ‘8781 43.4 272.1 40.5 428 || & 4.2150 74 179.7 7.6 8.9 | worst banks are those kept up by small local drainages. 
9 9231 41.2 268.9 38.2 40.5 || 95 4.3897 7.0 176.9 7.3 8.5 Although it is safer to depend on a channel excavated 
95 9731 39.4 266.2 36.1 384 || Return | 4.4104 (6.8) ae oss oo below the surface of the land which lowers the flood line, 
10 1.0231 38.0 264.0 34.2 36.5 || 1.0 4.5607 4.1 154.0 7.0 8.2 | embankments might be economically used, and without the 
ae a eee s0048 oer 199.645 danger which so often now attends them, if rivers were 
Means. ; 74.775 { =70.80 Ib | Means 12.295 |) 11 451b. under wider jurisdictions. Formerly river channels 
_.. ‘| throughout a great part of their length were maintained 
- under navigation authorities by the tolls derived from the 
ENGINE B.—UPPER AND LOWER ENDS—EXHAUST LINE. traffic on them. As the inland navigation tolls have 
May 6, 1876, 11.30 a.m. Elliott Indicators. dwindled away since the construction of railways, so the 
-™ : channels inland are no longer maintained. But although 
Upper Env. Lower END. navigation authorities now may pay little attention to 
their inland waterways, large sums are still spent in many 
Parts, —— ———]| Temperatures, | Parts. ] | Temperatures. cases in maintaining the lower or tidal portions of rivers, 
Measured | Measured Measured | Measured | and while they do this only with a view of navigation require- 
Volumes. | Pressures. Volumes. | Pressures. | ments they at the same time render the channels efficient 
mS ta” =e ee deg for drainage purposes. It is fortunate indeed for those 
0.0 0256 63.0 2957 0.0 0231 | 755 | 3078 interested in land drainage that this is so, for they have often 
“05 ‘0756 3L5 253.1 05 0731 | 29.2 | 248.7 no jurisdiction over the tidal parts of their rivers. 
A .1256 17.7 220 8 10 0231 | 152 } 213.7 Some districts, however, are not so fortunate. On the 
1s 1756 114 199.4 hb 1731 96 | 191.8 River Witham not only has the inland navigation fallen off 
Closure .2006 (9.2) sed Closure 1888 | (8.5) but Boston has ceased to be one of the chief ports of the 
25 rs bs : “y: * — ry — country. The river channel through and below Boston is 
-¥ "3256 10.1 193.7 ‘3 ‘3231 | 8.7 | 1867 now often choked up with silt and mud, which increases 
“85 \3756 10.5 195.5 me 3731 9.0 | 188.3 the difficulties and cost of draining the lands above. There 
4 4256 10.9 197.4 4 423. 9.5 190.8 is sometimes 12 ft. of silt against the seaside of the doors of 
A5 4756 11.5 199.9 vss 4731 | 10.0 193.2 the Grand Sluice at Boston at the end of summer, so that 
5 = o. : oe 6 _ =. os. the outlet to the Witham is completely blocked up. When 
= yo aaa 208.1 % “6231 119 201.5 the autumn rains come suddenly, a flood is almost sure to 
‘65 6756 14.6 211.6 6731 | 129 205 5 occur between Lincoln and Boston, owing to this state of 
7 7256 15.7 215.3 7 7231 14.0 | 209.6 things. If Boston were a thriving port the river would 
75 7756 16,9 219.1 Tai; |) Ms 213.7 never be allowed to remain in the state in which itis. The 
8 8256 18.3 223.2 8 —: 4 ino | a. drainage authorities have only a partial jurisdiction over 
hy a. = | r ‘9031 | 210 | 92305 this part of the river, and the funds of the harbour au- 
‘95 9756 25.3 240.7 ioc 9731 24.2 | 288.2 thorities are so limited that between the two little is done. 
10 1,0206 30.5 251.2 1.0 10231 | 310 | 2521 At the mouth of a river the requirements of drainage 
— ee Poneees . and navigation are much thesame. For drainage purposes 
a 17.0475 { eyo} 15,8925 j { Mela ib —— the low water level in the river from the sea upwards 
a “7 ayy i ee should be kept as low as possible. Generally this end will 
Means of both ends we a 9) 425.26 be attained by straightening the river’s course or by 
| pata enlarging and regulating the channel. But this will 
| 212.63 at the same time increase the rate of tidal propagation 
Jackets ... 330.90 330.96 and prolong its duration which will benefit navigation. The 
} 18.33 Eau brink cut on the lower part of the Ouse was made 
Difference oe . for drainage purposes. It lowered the low-water level 
-— - - ——— —— at Denver Sluice 7 ft., which was an immense gain for 
} | drainage, but it was also a great benefit to the navigation. 
Cross pipe... 1LIM8 jn. sai es 1.1040 86 186.8 Many cases could be given where the low-water level has 
heii 0.0 He as 169. . D> ays “e . been lowered far up a river as on the Tay, the Ribble, the 
05 13521 L6 116.6 05 1.2768 23 130.9 Lune, by works carried out for navigation purposes, and I 
rie a Closure 1.3563 (1.4) think it will generally be found that the works required for 
1 1.5311 1.6 116.6 J 1.4497 14 111.7 navigation may be so designed as to improve a river at the 
15 1.7101 1.6 116.6 on 1.6225 1.3 109.3 same time for drainage purposes. 
3 1.8693 17 119.0 4 3.7968 Ls 508.8 Moreover, although it been found unprofitable to 
25 2.0682 1.7 119.0 eee 1.9682 13 109.3 r : ° ° eae 4 : 4 
; 29472 17 119.0 3 11410 14 11L7 maintain many rivers in a condition suitable for navigation, 
"35 2.4262 1.7 119.0 ‘on 2.3138 1.4 111.7 if rivers were once again made to fulfil efficiently the 
4 2.6052 1.8 121.4 A 2.4867 14 111.7 agricultural requirements of the adjoining lands, they 
45 2.7842 19 123.8 os 2.6595 15 114.1 could, with very little additional expenditure in many cases, 
5 — 1.9 _. 5 oa ys ey be made available for navigation, so much is there in 
ry aan at 1378 "6 3.1780 15 1141 common between the works required for the two purposes. 
65 3.5003 22 129.3 vis 3/3509 16 114.1 The difficulty of finding a good and sufficient supply of 
a 3.6793 2.3 130.9 a7 3.5237 1.6 116.6 water for centres of population throughout the country is 
15 s.sete 2. : 1909 “- aeons -y =e — increasing. Water from rivers, except when 
. 0373 2. 32. ‘ 3.8694 . 21. obtained from near their source, can rarely be used, owing 
ss coe 13 ey! ~ reo 4 4 to the filthy condition to which they have been reduced by 
95 4.5744 28 138.6 2 4.3879 22 129.3 the increase of population and extension of manufactures 
4.7060 3.1 150.8 4.5089 2.5 uncontrolled by legislation. In some districts, as I found 
1.0 4.7538 3.8 oo 10 | 45607 3.2 143.9 ee me a 7 ge Clyde valley, manufactories have 
— — — — sn establis igh up the purest streams, which are now 
Means 2.1695 | { art i on 1.825 { = —s polluted almost from their source. 

7 a 4 Much improvement cannot be looked for as long as it is 
| 2) 245.54 left to voluntary action to effect it. There is little en- 
| couragement to try and prevent the pollution of water 

Means of both ends ove ewe se 122.77 which flows past your door if you are powerless to prevent 
Jackets a ie ese woe 330.96 its being polluted to a greater extent before it comes there- 
Difference ie } 208.19 One of the principal difficulties which stand in the way 
xe i “] | of legislation is the absence of a body to enforce any enact- 
osibsichiirentlgitveneaheoas - ——- —______ ments for the prevention of pollution of rivers. If, how- 
in excess of the requirements. The ave of the two, | contract, or explanatory of the working of the engine, and | &ver, a body of Commissioners were appointed for each 
or 57 hours, gives 96,186,979 lb. lifted 1 ft. high by 1001b. | readily comparative with the results of others. With | Tver basin, this duty is one which might be imposed on 


of coal. 


In conclusion, it has been our aim to give as fully as 


possible all the data acquired 
such deductions as were necessary by the terms of the 


and facts arrived at, with 


to material and workmanship, the rien are strong, 
compact, well made, and, in disposition of material, good 
examples of mechanical engineering, and in their future 
working we feel sure that they will be serviceable and 


them in connexion with their other duties. 
In the case of the River Thames some stringent measure, 


~ * Read before Section G of the British Association : 
Dublin meeting. 
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were rendered necessary, owing to the difficulty of finding 
a source of water supply other t the Thames for so large 
@ population as that of London. Advantage was taken of 
the existence of the Thames Conservancy, a navigation 
authority having jurisdiction over the greater part of the 
Thames, but none over its tributaries. Their jurisdiction 
for the prevention of pollution was at first confined to 
the part of the Thames for which they were the navigation 
authority, and to the tributaries of that part for a distance 
of three miles from the river. This di ce was after- 


wards extended to five miles, and this year to ten miles | }jm 


from the river. The Thames Conservancy at once pro- 
hibited certain towns on the banks of the Thames from dis- 
charging their sewage into it, and they have taken other 
steps to improve the quality of the water. This is good so far 
as it goes ; without it the Thames would soon become unfit 
to supply London with drinking water. But there is still a 
large population living on the banks of tbe tributaries of 


the Thames which is not prohibi from discharging 
sewage into them, but is permitted to pollute the water 
which is drunk by three millions of people in London. 


In order to provide the Thames Conservancy with fuuds 
to be used by them in carrying out the new duties imposed 
upon them of preventing pollution, London has been taxed 
through the water works companies, who yearly pay a large 
sum to the Conservancy, so that London now bears the whole 
burden of enforcing the partial purification of the Thames. 

The purity of river water is directly affected by its depth. 
Weeds, which by their decay pollute the water, do not 
greatly flourish in depths over 5ft. Navigation is rarely 
compatible with a depth of much less than 5 ft., so that any 
works which may be necessary, as is generally the case in- 
land, to maintain that depth or a greater one for navigation 
om ee will tend to benefit the watersupply ; the —— 
of ¢ els from mud and weeds is also necessary for lan 
drainage {purposes. Each watercourse if neglected may 
become a source of pollution, so that well-regulated land 
drainage works tend to some extent to improve the quality 
of the water. 

Quality is not all that is required in the water of our 
rivers regarded as sources of water supply. Quantity is 
also necessary. Weirs for _—— the depth of water 
required for navigation tend to maintain a large volume 
of water in the river in dry seasons. And generally it will 


be found, I think, that the works required to make a river | 4, 


serve; satisfactorily the purposes of land drainage and 
navigation will tend to improve the quality of the water, 
and in many cases increase its available quantity by in- 
creasing the storage capacity of the river. 
» I have endeavoured so far, in a somewhat fragmentary 
manner I am afraid, to show the connexion there is be- 
tween the works required to make a river fulfil the pur- 
poses of drainage, navigation, and water supply, and some 
of the evils which arise when such works are carried out, 
asis now the case, by numerous separate authorities having 
only limited jurisdiction. I will now state what appears 
to me to be some of the requirements for improving the 
existing state of things. Generally I think that Parliament 
should make it compulsory for each river basin to appoint a 
body of commissioners who should have jurisdiction over 
a river from its source to the sea and over all its tributaries 
and sources of water supply. Their powers should be 
exercised for the purposes o » Hc e, navigation, and for 
the preservation of the water and maintenance of its 
purity for the purposes of water supply. These commis- 
sioners could divide the drainage area into districts, so that 
local matters might be referred to local commissioners, 
but it is essential that all works should be carried out 
under the general supervision of the central authority. 
‘The question’ remains as to how the money should be 
raised to carry out the works to be done by the commis- 
sioners for each river basin. When large or thickly 
populated districts have to be dealt with, any rate or tax 
must press more on some than on others. But it ought to 
be ible to find some means ‘of adjusting the cost of 
maintaining river channels in an efficient state that would 
be fairer to all than the present method. 


Every acre of land in a river basin either directly con- |? 


tributes its supply of water to the river channels or in some 
way affects the supply from adjoining acres. As we 
cannot ascertain the effect of each acre on the supply of 
water, it appears to me it would be most just to tax each 
acre according to its value, thatis, to levy a tax on all the 
land within the river basin in proportion to its annual 
value for whatever purpose it is used, and whether it be 
covered by buildings or not. 

But as some lands are now subject to floods and would 
be at once improved in value by their prevention, such 
lands shoald, in the first case, be taxed at a higher rate, 
but that when the works necessary to prevent such damage 
by floods were once done and paid for, the general fund for 

e maintenance of the river channels should be raised by an 
equal rate levied on all land according to its annual value. 

A small rate levied over all the acreage of a river basin 
would produce a large sum. Taking the area of the 
Thames basin at 6160 square miles, or close upon four 
million acres, and assuming the average annual value to be 
21. per acre, which is probably too low, a rate of one penny 
in the pound would produce 33,0001. a year. 

When a river was once made efficient the navigation as 
far as purely navigation works are concerned would pro- 
— more than maintain itself, as the river channels 
would have to be maintained for drainage works alone. 
Any surplus might go to the general fund. As s the 
use of the water the river channels should be free to all for 
the purposes of recreation, and as all districts would pay to 
maintain the quantity and purity of the water, all should 
have a right to use the water subject to not prejudicing 
others. Lastly, as regards pollution, no claim for com- 
pensation for desisting from it should be admitted. The 

rinciple of dealing summarily with offenders has alread 
m adopted on the Thames and elsewhere. ‘Those still 


offending should be similarly dealt with. 





THE ELECTRIC LIGHT.* 
By W. H. Przxcz, Memb. Inst. C.E., V.P. Soc. T.E., 
Electrian General Post-Office, &c. 

1. Tux theory of the electric light cannot be brought 
absolutely within the domain of quantitative mathematics, 
for the reason that we do not yet know the exact relation 
that exists between the production of heat and the emission 
of light with a given current ; but we know sufficient to 
predicate that what is true for the production of heat is 
equally true for the production of light beyond certain 
its 


10s. 

The work done in a battery, or any source of current- 
electricity, is expended outside the battery in a closed 
circuit in the form of heat. When this heat acquires a 
certain temperature per unit mass, we have light. If the 
heat be confined to a mass of metal wire like platinum, we 
have light by incandescence; if it be expended in the 
transference of minute particles of incandescent matter 
like carbon across an air-space, we have the electric arc. 
The exact relations between current, heat, temperature, 
mass, and light have yet to be determined by experiment. 

2. The arc is thus a form of energy developed in one 

int of a circuit, which is the exact equivalent of another 
orm of energy expended in another point of the circuit. 
Thus, if we produce light by a galvanic battery, it is the 
equivalent of chemical work done in the battery. If it be 
produced by a dynamo-machine driven yf steam-engine, 
it is the equivalent of coal consumed in the furnace. The 
object to be attained in any economical utilisation of this 
energy is to convert the greatest possible portion of it into 
ight. 

5. Now the relations that exist between the work done, 
the current flowing, the resistances _—. and the heat 
developed are easily demonstrated. The work done (W) in 
any circuit varies directly with the electromotive force 8} 
in that circuit, and with the quantity of electricity (Q 
that passes through it, or 


=EQ; 
but_by Ohm’s law the electromotive force is equal to the 
product of the resistance (R) of the circuit into the current 


(C) flowing, or 
) . E=CR 


and by Faraday’s law the uantity of electricity passing 
aovenss upon the strength of current (C) and the time it 
ows (f), or 


Q=Ct. 
Therefore, substituting these two values in the above 
equation, we get 
W=C*Rt ;s 


in which we have what is known as Joule’s law, which 
gives us the work done (W), or its equivalent, the heat 
generated (H) in any circuit. By regarding the time as 
constant, we can put the equation 

H=C?R. (1) 


4. Now let us take the case of a battery whose electro- 
motive force is E and whose internal resistance is P. Let 
the resistance of the connecting wires be r. Let us also 
have {a particular resistance 1, which may be a wire to be 
heated to incahdescence, or a lamp to be lit by the arc; 
then by Joule’s law (1), 


H=C*(P+r+0) ; 
but by Ohm’s law, ™ 


paral’ 
© E* 


P+r+l 
5. Confining our attention for th resent to the heat 


generated = , this will be distributed throughout the 
circuit ; an + in the resistance ) am be 
2 


 § a a (2) 
P+r+l p+r+i? 
Now if we suppose n resistances in circuit joined up in 
series, then the total heat generated will be : 
le 
P+r+n 1)? @) 


E? nl 
If we differentiate this fraction with respect to nl and put 
it equal to nothing, we can find when the heat gene- 
Salahiethene resistances becomes a maximum ; that is: 
4H_- 1 rp. ptm ly? E228" nl (P-+r+n))]=0, 
dnl (P+r+nl)s 
whence 


that is, 





P+r+nl=2n1; 


P+r=nl; 

or the greatest heat is generated in the resistances when 
the value of the latter equals the resistances of the rest of 
the circuit. 

6. Let us now assume the n resistances to be connected 
up in multiple arc; then the joint resistance will become 
‘, and the heat generated will be 


pl 


ay (2) y by riewn de 


- the maximum amount of heat will occur, as before, 
when 


(4) 


Perot. 


n 
a ue, fe ae age case, if the havea soos of the 

ttery and of the connecting wires very small com- 
pared with nl, we may neglect them ; so that by putting 
P+r=0, equation (3) becomes 


H‘/= E® 3 
nt 
or the total amount of heat in the resistances 
will vary inversely as the number of the latter in circuit. 








* From the Philosophical Magazine for January, 1879. 





8. In the second case, we cannot neglect P+-r; for here 
the greater we make n, the smaller . becomes with respect 


to P+ ;80 thatif eventually A becomes very small, we may 
n 
neglect it in the denominator of the fraction. Then 
al 
= _ Ett 
(P+-r)2— n(P-pr)* 


so that in this case also the total heat generated in the re- 
sistances will vary inversely as the number of the latter in 
circuit. 

9. Now it must be observed that in each of these cases 
the total heat is distributed over n resistances ; and, there- 
fore, as compared with one resistance, the heat generated 


in each is only = of that generated in one. So that, 


joined up either in series or in multiple are, the —— 
rated in each of a number of resis varies inversely as 
the square of their number. 

10. With respect to the light emitted, if the amount of 
heat generated —— exactly the amount of light 
emitted, then the above equations would indicate the effects 
produced by reve a Fares lights or subdividing the 
current when a constant battery is employed. But this is 
not so. The light obtained is not proportional to the heat 


” 


+» 6) 





generated ow a certain limit the production of heat is 
- accompanied by light at all. In the case of incan- 
lescence, 


the heat be distributed over two wires i 
of one, inasmuch as the mass to be heated in the one case is 
double that in the other, the actual temperature to which 
each of the wires will be heated will be only one quarter 
of that obtained with one wire, and the total light emitted 
will be half what it was before. In the case of the arc a 
similar result probubly takes place; the incandescent 
matter, which is heated by the current and which gives out 
the light, is increased by the addition of each lamp, and 
therefore diminishes the actual temperature of each are, 
and consequently diminishes the light given out in 
proportion to the number of lights. 7 

11. Moreover, in the arc the actual disintegration of the 
carbons and the transference of matter across air 
8) , represent an amount of work done which must be 
deducted from that converted into heat, and which again 
tends to diminish the amount of light emitted. If, there- 
fore, the lamps be joined up in series or in multiple are, the 
light emitted by each lamp will vary inversely in a greater 
ratio than the sq of the ber in circuit. 

12. We have assumed E to be constant ; but if the current 
be uced by a magneto Paar padi eneoe by 
a engine consuming a given amount o' per uni 
time, E is no longer constant, for it varies with the resist- 
ances in the circuit. The constant in this case is the work 
done in the steam engine in unit time. Calling this Wj, 
the total heat generated in the circuit when the lamps are 
joined up in series will be: 

ee cttos toynaraeas 
P+r+ntl ' 


H, =W, x 
port on gs the light varies inversely as » (§10), the light 
emi 





L,= oo ba $ b 
; knee @ 


and when joined up in multiple arc, 
l 


n 


n( ptrt— ) 
n 
Or by putting ? +r=0 in equation (7), and + =0 in the de- 


nominator of equation (8), we get 


L3=W, x (8) 


La 
n 
and aos 
ps 
ua= Pte) ni 


So that beyond certain limits, when the current is produced 
by a dynamo-machine, if nlamps be joined up in series, 


the total light becomes diminished by 4 and the light 


emitted by each lamp becomes diminished by d. 
n 
If they are joined up in multiple arc, the total light 
is diminished by > and the light emitted by each lamp 
1 


as In the latter case the rapid diminution in the light 


emitted is due to the fact that the heat is developed in 
Sanne itself instead of in the resistances external 
it. 
13. We have assumed W, to be constant ; but this is only 
the case when a certain mit is reached, and when the 


velocity of the rotating coils in the 0- e has 
tained a maximum. This limit will v ben 
e 


al 
dpreme-euneyins and each kind of lamp 

allace-Farmer machine the limit appears to he reached 
when six lamps are connected up in series. With the 
Gramme alternating machine and Jablochkoff candles the 
limit appears to be five lamps. Beyond these limits the 
above “ro Teh m a 4 this partial success in multi- 

ying the li so many rsh are) experi- 
es to anticipate the ultimate ibility of its ex- 


tensive subdivision—a er gern A which this demonstration 
shows to be hopeless, and wi experiment has proved to 
be fallacious.* 








* Vide Fontaine’s ‘ Electric Lighting,’”’ chapter xi. 
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THE INTEROCEANIC CANAL. 
To Tus EpiTor or ENGINEERING. 
Str,—It is now twenty-two years since I had the honour 
reading before the titution of Civil eers & 
paper ‘ On the Junction of the Atlantic and Pacific Oceans 
and the practicability of a Ship Canal, without Locks, by 
the Valley of the Atrato,” and the President, Robert 
Stephenson, M.P., then with the kindness 
and urbanity that distinguished him, ‘‘ the Institution was 
much indebted to Mr. Kelley for his highly interesting 
paper, which had induced the = m of valuable 
opinions,” and concluded with the following words: ‘‘A 
few lo would probably decide, whether it was 
feasible to abe on interoceanic canal; at any rate it 
could not fail to be remembered that Mr. nee Ary — 
duced more intelligible information u the subject, than 
had hitherto been given to the world.”’ In view of those 

inions of a deeply lamented and great man, I hope I 
8 not be deemed presuming too much on them in ven- 
turing to call the attention of your readers to the advan- 
tages of constructing a ship canal, vid the San Blas route, 
surveyed under my direction in 1864, by Mr. A. McDougal, 
chief i . I offer them to Fa in hopes that 
their pablication may suggest to the English people that 
a short and safe route for a ship canal through the 
American isthmus can be secured for European commerce 
to Ai ia, New Zealand, andall the trading ports in the 
North and th Pacific Ocean, and which may omg 
served ae under the joint protection of Eng- 
land and United States —the two great English 
speaking nations, enjoying the same religion, reading the 
same literature, maintaining the same li ot 
tising the same laws, therefore they ought to go 
in hand in the execution of the work. 

Great p seldom die. When once any consider- 
able number of men become convinced of the importance 
and utility of an enterprise, however vast, it is considered 
and discussed from year to year, from generation Segue. 
ration, and from to age, until the time, the facilities 
for execution, and the men are collected together and the 
work is accomplished. The Suez Canal is a striking 
example. From the earliest days of modern commerce 

desire for its construction prevailed among com- 
mercial men. Its supposed impracticability stimulated 
the search for water routes resulting in the discovery of 
the capes and the American continent. Prior to these 
events, the commerce of the East, depending upon the 
transit land, centred in and made the tness of 
the Medi republics and kingdoms. They were the 
mariners and commercial nations of the world at that 
epoch. the discoveries of Vasco de Gama and 
Columbus, the enterprise and hardihood of northern 
nations, especially the English, rapidly developed their 
maritime power, and after various events, the empire of 
the seas remained almost without dispute in the hands of 
the inhabitants of the British Isles. With that and the 
advantages of the sea route (as long as it was vid the 
capes) came the control of the eastern commerce, and Eng- 
land © the entrepdt for its distribution over Europe. 
Conquest of eastern territory, wealth and power soon 
followed, and the enterprise of the Anglo-Saxon race bein 
equal to the occasion they have kept what they won un 
the t time. 
peaceful successes of commerce have done more for 
England’s greatness and supremacy than achievements in 
war, and in the various complications of European politics 
the protection of British eastern commerce is very clearly 
the chief end and aim of the Government. Even during 
the recent eastern war which Turkish misrule and Russian 
ambition kindled, that has palpably and avowedly been 
the principal object of ish statesmen. England has 
interest in the Suez Canal, and if absolutely 
necessary, she would fight for its control, and yet, even if 
she assumed the protectorate of Egypt and the supreme 
control of the canal, it is very doubtful if they could be so 
managed as to sustain the supremacy of British commerce 
in the East. When the enterprise was advocated twenty 
years by M. Lesseps, who carried it to completion, he 
met with scanty encouragement from British capitalists 
and statesmen. Lord Palmerston, and a large number of 
other influential and prominent men, were opposed to the 
project, and they doubtless foresaw the effects which are 
now in process of development, and which are surely 
injuring British commana interest in a continually in- 
qquaing degree. Time and money are the two great 
elements in commercial economy, and the preponderance of 
either one in certain proportions will surely settle the 
course of trade. While the t advantages of economy 
in transportation from the East remained with the route 
by Good Hope, the control of such commerce was 
certai in the hands of British merchants, and all the 
products of the East were taken to England for distribu- 
me and all the Continental nations paid her a corresponding 
tribute. 

The Suez Canal and steam are changing all this in no 
small degree, as the Mediterranean still exist, and 
lines of steamers from Marseilles, Geneva, Trieste, and 

eastern products di 


northern nations are completing their rsilway communica- 
tions Bosegs * miles of tunnels, like the St. Gothard 
and Mont is, to the above sea, and another is contem- 


yee Splagen, which, when completed, the 
Berman, » an ian States will surely 
to) the Mediterranean ports their eastern commerce, 


—a resort 
and thus the distribution of that commerce, one t 
source of British wealth, will pass away from her merch 
for ever. Indeed, whatever may be the social and political 
result of the recent Berlin Treaty, it is i 
nations bordering the Mediterranean will 
supplies of eastern productions directly through the Suez 


That a foresight of these results caused the opposition of 
Lord Palmerston and British merchants to the construction 
le ; but the man of 
» was too for them. The idea 
public mind, and the time had come 
when the means were within the p of an enthusiastic 
and powerfal man, and collecting all his combined resources, 
the canal is a fact. It has existed long enough to prove 
that it will be t, and its utility has increased to 
such a d ¢ its success financially can no | r be 
questioned by even the most séeptical. British v: are 
by far the most numerous which pass through it as yet, 
and from this it might be presumed that the rs to 
English interests, to which allusion has been made, are 
fallacious ; but the bulk of the cargoes do not go to Eng- 
land, although the ships are British. From the supremacy 
of their naval architects the furnishing of ships will long 
remain in British hands, but in time ships will follow 
their cargoes, and another element of wealth will pass 
away. 
That there is ground for these considerations can be 
verified by reference to the condition of British eastern 
commerce for the last four years. It is true other causes 
may have operated to injure it ; but the facts are prominent 
and palpable, that as the consumers are on the direct route 
of transport, it is folly to expect that time and economy 
should both be ificed by carrying commerce past t 
points of ultimate destination for distribution, no matter 
under what flag the transport be made. 

There is, however, another project for an interoceanic 
canal which has long attracted the serious attention of 
capitalists and statesmen both in this country and Europe. 
The importance and necessity of er the Atlantic 
and Pacific has m seen and felt ever since 
America was discovered, and though the project has 
slumbered from time to time and been neglected for various 
causes, it has always commanded consideration. The 
success of the Suez Canal and its effects upon the world’s 
commerce bring the necessity for its construction still more 
prominently forward, and it now appeals more strongly to 
the attention of mankind than before. A a ae 
without locks, through the American isthmus, has been the 
dream and hope of many great and enterprisi men. 
Many plans have been proposed for its accomplishment, 
but the natural difficulties to be overcome have hitherto 
been considered almost insurmountable—quite sufficient to 
appal the stoutest ‘heart and shake the strongest nerves. 
So were they considered in regard to the Suez Canal, but 
the time arrived when they were all overcome by engi - 
ing skill, and it would be well to inquire s ily and 
sincerely whether it has not come to attack and subdue 
them in opening a ship canal through the American 
isthmus, as no intelligent person can fail to see that the 
execution of'such a work would place the United States 
geographically in the centre of the trade of the world, and 
renew commerce on the grandest scale ever conceived by 
most sanguine far-seeing man. 

The various surveys and reconnoissances which have been 
made along the isthmus between the North and South 
American continents indicate several points where water 


had grown upon the 


communications can be established. The limits of this | T 


letter, however, will only permit reference to the promi- 
nent features of each. eral can be dismissed in a few 
words as disadvantageous. I do not propose to use the 
word impracticable with reference to any scheme having 
for its object a work of such vast importance. 

The most northerly route, by the Isthmus of Schuantepic, 
is long, requires a vast deal of cutting, more than one 
hundred locks, some tunnelling, has no good harbours at 
its termini, and the consideration of it may be set aside at 


once. 
Great attention has been paid to the Nicaragua route, 
and it has been most thoroughly surveyed. It is re- 
commended as feasible b hig’ naval and military au- 
thorities of the United States. But it has no harbours, 
is long, requires from twenty to twenty-four locks, so 
liable to get out of order in wet climates and slack water 
navigation, and its termini are i disadvantageous. 
Besilles it is possible that the increased drai: caused by 
strai a deepening the San Juan river, in addi- 
tion t0 the drainage opened on the Pacific side, with the 
enormons evaporation of the climate, might alter the depth 
of Nicaragua, by no means the deepest of lakes, so as to 
interfere with navigation. The line through Costa Rica 
has good harbours, but has | and declivity against it. 
Along the Isthmus proper, north of the Gulf of Darien, are 
ym | by far the shortest routes of all, and through this 
part of the isthmus the canal will doubtless be ——- 
cut, as the approaches on either side, for both steam an 
sailing vessels, are all that could be desired, and their close 
proximity to the Panama Rai for carrying wards 
and fo: machinery, tools, labour, and supplies, is a 
great advantage. Those spoken of, and which have been 
more or less surveyed are the Panama, San Blas, and the 
Darien routes. All require iderable length of rock 
tunnelling for a canal without locks, but being, as before 
mentioned, much the shortest of any pro » they will 
prove decidedly the most advantageous in executing the 
great work, and the less time consumed in passing ships 
through whendone. Reference will be made to them again. 
The difficulties of the more northern routes led to the con- 
sideration of constracting a ship canal from the Pacific to 
the Atrato river, which is navigable for large ocean vessels 
at least seventy miles above its mouth, where some im- 
rovements would be necessary, and vid that river several 
easible ones have been found. More than twenty years 
ago, I caused explorations.to be made by Messrs. Jo 
C. Trantiome, Lane, Kermish, and Porter, of nearly the 
whole country, and at that time my engineers recommended 
a canal vid the Atrato and Truando rivers. This route 
has since been thoroughly surveyed by General N. 
Michlor, of the United States Engineers, and is feasible for 
a canal without locks deep and wide enough to pass the 


hn | river, and ascended a hill from which we p 
triangula‘ 


largest class of sea-goi 
Ss cae Yn ae ol ne an 

» are ? vy ’ 
dangerous floods, and the soft character of the 
country, through which much of it would necessarily pass, 
making it exceedingly expensive and difficult to construct 
and maintain heavy work, in such shaky, spongy; and un- 
reliable soil. In 1870 the United States vernmen' 
renewed attention to the subject and ordered Commander 
T. O. Selfriedge, U.S.N., an excellent officer, to make 
surveys of several routes, and he reported the Atrato- 
Napipi route as being in his opinion the most feasible. 
This is more southerly than the Atrato-Truando route, has 
much longer river navigation, is encumbered with several 
locks, also a tunnel, and has to depend on an artifical reser- 
= — —- = a supply of water = feed the — 
which might fai ae Senet season, and thus 
stop “4-5 for the time being. ¢ Truando route is 
shorter, ess tunnelling, is feasible without locks, and 
has an abundant supply of water at all seasons of the year, 
as will be seen by referring to the various surveys of that 
line. Another route vid the Atrato-Tuyra rivers, has 
been recently examined by Lieutenant L. N. B. Wyse, of 
the French Navy. His survey of 1877 shows several 
serious difficulties; that of 1878 is reported much more 
favourable, and as soon as his final report is finished and 


vessels during any state of winds 
routes proposed 


he | published we shall then know the real advantages and dis- | 


advantages of the route, as Lieutenant Wyse is an able 
officer, a most reliable and accomplished gentleman, and will , 
clearly make them known. is enterprising spirit and | 
steady perserverance in examining the difficult country 
between the head waters of the Tuyra-Atrato and Atlantic 
Ocean | the last two winters, and thus giving addi- 
tional and valuable information to geography and the canal 
question, are worthy of the highest admiration and praise. 
To revert to the three short routes across the isthmus, 
that along the line of the Panama Railroad is the only one 
which may be said to have been thoroughly ian ge m 
sea tosea. It is the longest of the three, would require 
at least twelve locks and some tunnelling, and being 
located so near the railroad would be of great advantage, 
but on the Atlantic side it would run through an almost 
ttomless — = engineering skill could hardly 
overcome. The harbour of Aspinwall is not sufficiently 
protected and capacious to accommodate the ever expanding 
wants of commerce, and at low tide, inthe Bay of Panama, 
ships cannot come within two miles of the shore, and this 
portion of the isthmus is very hot and u y: 
partial surveys have been made of the Darien, which for 
a long time was represented as the best and only route. 
The gentlemen who most strongly advocated its advantages 
were Mr. Gisbourne and Doctor Cullen, of England; but 
surveys so far as they have gone show many and various 
difficulties to be overcome, and since the partial examina- 
tion by Commander iedge it has been generally con- 
demned and the longer routes by the Atrato river pre-| 


ferred. 

The route from the Bay of San Blas to the Pacific, vid 
the Ba; or Chepo river, is the shortest of any yet dis- 
oavenel, hein but about thirty miles from ocean to ocean. } 
his route has been surveyed sufficiently to form an idea 
of the work to be done to furnish the commerce of the 
world with a straight, deep, wide, and especially short 

from sea to sea, without other than ample tidal 
ocks, which would be used only at high tides, and thus 
cause but little orno delay. These are the great desiderata 
for the canal, and if they are supplied it is more than 
probable that this is the point where the isthmus will be 


severed. 

My attention was directed to the San Blas route in 1864, 
and with the assistance of Mr. Cyrus Butler and Mr. Luke 
T. Merrill, I organised and sent out an ition under 
Mr. A. McDongal, chief engineer, with instructions to 
eo to the mouth of Bayana river, and ascend it to the 

ead of tide water, in order to determine how far it would 
be available for the uses of the canal, and from the proper 
point he was ordered to survey the route directly to the 
Gulf of San Blas with chain and spirit level, so as to leave 
no chance for errors in length or altitude. The party com- 
menced its operations, and ascending the Bayana, over ten 
miles, found that river available for canal purposes with, 
comparatively speaking, an ae amount of dredg- 
ing, the bottom composed of mud and sand and free from 
rock. Hence their route led them through a flat, bey sy 
mud for a 


eae country, and free from swamp 
istance of nine miles. The — of cutting having in- 


creased to 150 ft., as a matter of economy it was —— 
advisable to recommend a tunnel from that point. \ 
levels were continued over the summit 1500 ft. high, until 
they reached a point of slack water on one of the 
tidal rivers emptying into the Gulf of San Blas on the 
Atlantic side of the isthmus. The rise and fall of the tide 
was but 2ft., and the gulf could be seen in full view. The 
necessary length of the tunnel was set down at seven miles, 
and from thence to the Gulf of San Blas, as near as could 
judged, was about five miles over feasible ground for the 
canal. On this point Mr. McDongal in his report says, 
“* though to have gone over the ground the entire distance 
was desirable it was not absolutely necessary, as we knew 
the altitude of the point we had reached and could YF ieegd 
see the mouth of the Mandingo river, Kelley’s Island, a 
ion of the eastward coast, and also several islands 
in the Gulf of San Blas, and we could triangulate at the 
distance we had reached with sufficient accuracy for the 
oe of our survey. As it was decided to proceed no 
er we crossed the flat lands on the right bank td - 


te to the various points visible in and about the 
gulf, and by that means determined the distance.’’ The 
surveyors were unable to finish the last portion of the 
route, being a by the Indians, who would not until 
recently it the intrusi 
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METALS, 
ANTONY ORE (per ton)— 11 
Regulus (star) ...........+... 


Brass (per Ib.) — 
Sheets, 48 x 24 
Yellow metal .............+ 
CASTINGS TYNE AND CLEVELAND 
(per ton) 4 
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Langloan .... 
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LEAD (per ton)— 
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Old ils for 
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Best cast 
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Hydraulic cy 
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Iron, WROUGHT ~— 


” hoops 
Welsh rails 8.W... 
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FACtUTE «2.0.0. 00000 


SPBLTER (per ton) — 
Silesian, ordinary ......... 
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Common. ...... +++ 


» double shear ..... 
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Swepien Iron (F.o.b) at 
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FOREIGN AND COLONIAL NOTES. 


Steel Rails for Alsace and Lorraine.—The administra- 
tion of the German lines in Alsace and Lorraine is about to 
for 319 miles of steel rails, to- 
gether with a large quantity of fishplates and accessories. 

Iron Bridges on the Bombay, Baroda, and Central 
of capital made by the 
a, and Cen Indian Railway Company 
for iron bridges amounted at the close of June, 1878, to 


let a contract at Stras 


India Railway.—The ow 
Bombay, B 


1,245,1721. 


The Sues Canal.—The number of shi 


through the Suez Cana) in 187 


number in 1877 was 1633 ; an 
collected by the Suez Canal Com 


revenue 


three years was a follows 


1,310,9741. ; and 1878, 1,243,5311. 

Great Northern Telegraph Company.—The number of 
despatches transmitted by the Great 
Company in 1878 was 850,411, as compared with 848, in 
he revenue collected b 


1877. 
203,4821., as compared with 


new model. 


6 was 1457. The corres ig 

d in 1878, 1593. pm e 
pany during the 

1,198,999%. ; 18 


the com 
4291. in 1 
American Ordnance.—About a year ago the South 
Boston Iron Company received 
States Navy —a for a caunon to be made after a 
In due time it was finished, and experiments 


order from the United 


with it at Sandy Hook are said to have 
results. It is a 12-in. rifle and weighs 


a 750 lb. shot, requires 130 lb, of powder, and has a range 
of ten miles. The com months in build- 
ing it. The Navy pote eter have given orders to the 
company for the construction of a second gun of the same 
dimensions as the first. These guns are intended to be used 
as pivot guns on a first-class man-of-war. 


Pig Iron in the United States.--Mr, W. E. 8. Baker, 
of the Eastern Ironmasters’ Association, has 
a very elaborate table showing the cost of pro- 
iron in the United States during the past thirt 
years. In 1850 the cost was 15.30 dols. per ton; in 1855, 
20.16 dols. per ton ; in 1860, 18.21 


compil 
ducing 


93.82 dols. per ton ; in 1870, 
1875, 27.87 dols. per ton. 
was 23.20 dols. 
in 1878, 16.87 
in the work of 
each year. . 
New Zealand Railways. 


were tw 


r ton ; in 1877, 


dois. per ton ; in 1865, 
> Pope per ton; and in 
corresponding 
ton tb yg a ital engaged 

; . on the capi 
uction is included in the estimate for 


—The tender of Mr. Fallon has 
been accepted for an extension of the .Waikato Railway 


orthern T ph 
pany in 1878 was 


hich passed 
whic § 


iven satisfactory 
tons. It carries 


cost 
and 





from its present terminus at Ohanpo to Fe Awamutu. The 
amount of Mr. Fallon’s tender was 25,972). Mr. Fallon 
has acquired considerable experience in connexion with the 
completed sections of the Waikato line. 


Permanent Way on the New York Central Railroad.— 
The cost of the rails used in the repair of permanent way 
on the New York Central and Hudson River Railroad in 
the year ending September 30, 1878, was 322,406 dols. The 
corresponding cost, in the year ending November 30, 1877, 
was 229,198 dols. 


Tron and Steel Rails.—The controversy on the subject 
of iron and steel rails is not yet ended in the United States, 
indeed, much of the controversy arises from the fact that 
there is so great a variet bah m= fe both. In a paper 
recently read before the New York Academy of Sciences, 
Professor Egleston pointed out this fact, and showed wh 
steel and iron rails are sometimes bad representatives 
their respective classes. He expressed an Rex: that a 

iron rail, such as is made for the Philadelphia and 
ing Rai Company, is likely to prove better thaa 
one of poor steel. 


Iron in Belgiwm.—The quantity of iron made in Belgium 
in the first half of 1878 is officially computed at 196,500 
tons, as com with 183,000 tons in the corresponding 
iod of 1877. The number of workmen engaged in the 
t+ half of 1878 was 12,700, as compared with 11,700 in 
the first half of 1877. 


American Mechanical Industry.—The Syracuse Chilled 
Plough Company is building new works to enlarge is 
productive capacity. Messrs. C. Coleman and Son, 
Allegheny, Pennsylvania, are making 2000 railway wheel. 
barrows to be forwarded to South America. Messrs, 
Klein, Logan, and Co., of Pittsburgh, South America, are 
- at work on an order for 6000 shovels for South 

merica. 


Australian Telegraphy.—We hear that negotiations 
are we ewe y the ment of South Australia 
quushonslion 6 ,tagae tan of tobaeage enum i 

a dy ine 0’ across the 

Australian continent. r 
, a nnten Main Line Detioey se revenue upon 
8 antes. aggregate amount ac- 
a in the four weeks ling November 15, 1878, was 
t., A} aa with 24281. in the corresponding four 


American Steam Pumps.—The Knowles Steam Pum 
Works have a large contract with Salt Lake City parties 


to furnish two huge pumps for emptying silver mines. One 
pump is to havea 44in. steam cylinder and a pumpin 
capacity of 3,000,000 gallons daily, while the second will 
be still r. 

French Engineers.—M. Joseph Farcot has been elected 
President of the French Institution of Civil Engineers for 


Portuguese Railways.—Extensions of the Minho and 
the Douro lines have just been opened for traffic as far as 
Canienha and the Juncal. The works of the Beira line 
have also been commenced. 


Coal in Spain.—The Madrid, Saragossa, and Alicante 
Railway Company is about to commence the construction 
of a branch from Valda; to Puerto-Llano. This branch 
has been determined on in consequence of the discovery of 
very extensive coal deposits at Puerto-Llano. 


The French Coal Trade.—There are great complaints 
among the coalowners of the departments of the Nord and 
the Pas-de-Calais. This appears to be due to the fact that 
foreign coal is now obtainable upon cheaper terms than 
French coal. In the basin of the Loire there is somewha 
less grumbling than in the Nord and the Pas-de-Calais. 
In the Loire coal appears to be raised at a somewhat 
cheaper rate than in the Nord and the Pas-de-Calais. 


Refining Petrolewm.—Mr. H. Howell, of Sarnia, Canada, 
claims to have invented a new process of refining petro- 
leum without the agency of heat. A sample manufactured 
from American petroleum at 45 gravity is“ stated to bea 
brilliant and white oil of 48 gravity and 122 fire test. The 
yield from the crude oil was 93 per cent. But the most 
extrao’ claim for this process is not merely that the 
means used are entirely mechanical, but also that there is 
no production of gasoline or benzine, and the entire product 
is standard white illuminating oil, far superior to the oil 
refined under old methods. This new process, if what is 
claimed for it be true, is just precisely what producers 
have been looking for ; but it is possible that the claim 
will not bear scientific investigation. 





A New Tramway LocomorTive.—We understand that 
Mr. Henry Vignoles, in conjunction with Mr. J. 8. Ayton, 
has recently ; a new of tramway locomotive, 
and that an engine is about to be built on their plan. One 
of the chief features in the design is that the engine portion 
properly so called, is detachable from the boiler, so that 
it can be readily removed for repairs, while all working 

are kept above the footplate. We hope shortly to 





parts 
illustrate the engine. 
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THE WESTINGHOUSE BRAKE. 


In an article which appeared in this journal about 
a couple of months ago (vide page 399 of our last 
volume) we had occasion to refer specially to the 
light which Captain Galton’s recent experiments on 
the action of such brakes had thrown on the effect 
of skidding the wheels, and we now propose to have 
something more to say on the same subject. It will 
be remembered by all who haveread Captain Galton’s 
accounts of his researches, as given by him in his 








papers* read before the Institution of Mecha- 


being to maintain throughout such a pressure on the 
blocks, that the wheels, although not skidded, were 
just on the point of skidding. 

As we pointed out in our former article, the con- 
ditions of working above stated as desirable, can 
only be attained by the use of a brake which has a 
uniformly prompt action throughout a train, and 
which is at the same time so arranged that the 
pressure on the brake-blocks is capable of simul- 
taneous regulation on all vehicles. With the West- 
inghouse automatic brake both these requirements 
are well fulfilled, and there is no doubt that a 





Fic. 


nical Engineers and the British Association, that 
the experiments clearly showed that skidding 
the wheels was accompanied by a reduction in the 
retarding effect of the brake, while from the later 
investigations it was also ascertained that pressure 
of the brake-blocks on the wheels necessary to pro- 
duce the skidding of the latter was far from being 
a constant quantity for any given condition of rails, 
as had very commonly been supposed, but that it 
varied greatly with the speed at which the wheels 
were rotating. Thus it was found that whereas athigh 
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speeds a very high pressure on the brake-blocks could 
be applied with advantageous results and without 
os skidding, yetas the speed decreased a much 
ess pressure would suffice to skid the wheels, and 
so cause a result which was undesirable. The ex- 
periments, in fact, pointed to the desirability of so 
arranging a brake that at the moment of application 
the full pressure should be imposed upon the brake- 
blocks as suddenly as possible, but that subsequently 
this pressure should be reduced gradually, the effect 





* Captain Galton’s papers here referred to will be found 
on page] 469 of our twenty-fifth and pages 153, 386, and 








395 of our last volume. 


1. 


careful engine driver could by operating this brake 
skilfully, and reducing the pressure on the blocks 
after the brake had been on a few seconds, do 
much towards securing those conditions of pressure 
between blocks and wheels which we have pointed 
out as giving the best results as regards retardation. 
But while this mode of operating the brake isa 
possibility, it is one requiring much judgment; 
while in any case the varying conditions of the 
blocks and rails would render it very difficult to in- 
sure in practice the results desired, 
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Fully recognising this, and recognising also the 
importance of the lessons taught by Captain Galton’s 
experiments, Mr. Westinghouse set to work to devise 
an arrangement which should effect automatically 
that adjustment of brake-block pressure which had 
been shown to be so desirable, and in our former 
article we referred briefly to this apparatus and to 
its promising character. Since then the arrangement 
has been worked out in practice, and last Monday 
week we had the opportunity of being present at 
some experiments made with it. These iments 
were carried out by Captain Galton and Mr. West- 
inghouse on the line between Brighton and Hastings, 








the pressure-regulating apparatus having been fitted 
to the experimental brake van, of which we have 
already spoken* as having been constructed by Mr. 
Stroudley, and which the London, Brighton, and 
South Coast Railway Company have so freely placed 
at Captain Galton’s disposal. 
The arrangement devised by Mr. Westinghouse 
for automatically regulating the amount of brake- 
block pressure according to the value of the co- 
efficient of friction between the brake-block and 
wheel is a very simple one, and it is applicable to 
other brakes beside his own; we shall, however, 
describe it here as fitted in connexion with the 
Westinghouse automatic brake, it having been so 
used during the experiments of last Monday week. 
It will be remembered that in a train fitted with the 
Westinghouse automatic brake each vehicle is pro- 
vided with a reservoir containing a supply of com- 
ressed air, this reservoir being connected to the 
fonke cylinder—or cylinder in which the piston 
applying the brake moves—by a pipe fitted with an 
ingeniously arranged triple valve, this valve being 
also in communication with the line of pipes extend- 
ing through the train. Under ordinary circum- 
stances this line of pipes is in communication with 
the air reservoir on the engine and is thus charged 
with ———— air, the release of this charge of 
air, either by the action of the driver or by the parting 
of the train, operating the triple valves and opening 
up the communication between the brake cylinder on 
each vehicle and its ee ee air 
reservoir, When these operations have taken place, 
each brake piston will be subjected te a pressure 
due to that at which the air is stored in the reser-. 
voirs, and it is evident that if no leakage took place, 
and no reverse movement of the triple valves was 
effected by the driver admitting another charge of 
air into the pipes throughout the train, this pressure 
would remain constant until the train was brought 
toastop. Let us, however, suppose that ins of 
this state of affairs existing means are provided for 
shutting off the communication between each brake 
cylinder and its supply reservoir, and for allowing 
the air in the brake cylinder to escape through a 
safety valve, the load on which can be varied. en 
if we suppose the load on this valve to be reduced 
as the speed of the train is reduced it is evident that 
we have the power of so uating the pressure on 
the brake-blocks that while maintaining the wheels 
nearly skidded, the actual skidding can be avoided. 
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This in effect is what Mr. Westinghouse does by 
the ingenious pressure-reducing valve which he 
has designed, but instead of varying the pressure 
in some proportion to the speed of the revoly- 
ing wheels, he causes it to be controlled by the 
actual amount of grip or frictional hold exerted by 
the brake-blocks, so as to maintain that grip con- 
stant. Thusif the apparatus is set to. give a retarda- 
tion equal to, say, 18 percent. of the weight resting 
on the braked wheels, then the pressure of air in the 








* This imental van was illustrated in connexion with 
Captain ton’s paper, published on page 469 of our 
twenty-fifth volume. 
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brake cylinder is automatically controlled, so that 
at all speeds there is exerted on the brake blocks 
the pressure sufficient to insure this retardation, and 
neither more nor less. 

The manner in which this end is attained is as 
follows: Instead of hanging all brake-blocks from 
the carriage frame as usual, Mr. Westinghouse hangs 
one block from the short end of a lever having 
its fulcrum on the frame, the other end of this lever 
being coupled by a link to the outer end of the 
short T-shaped lever A shown in our engraving of 
the reducing valve, Fig. 1 on the preceding page. 
This latter lever is, it will be seen, so arranged that 
an upward motion of the outer end of its horizontal 
arm causes the lever to tarn on the lower end a of 
its vertical arm as a fulcrum, while a downward 
movement of the outer end causes it to similarly 
turn on the upper end a’ of the vertical arm, the 
result in both cases being that the central point of 
the vertical arm is moved inward and caused to press 
on the spindle B, asshown. This spindle hasa collar 
formed on it, and between the collar and the end 
of a brass valve casing, which is screwed into the 
casting containing the T-lever, is interposed a helical 
spring C, which tends to force the spindle outwards 
against the T-lever A, and by so doing opposes a 
resistance to the outer end of that lever being moved 
either upwards or downwards by its connexion with 
the brake-block. 

When the three-armed lever A is in its normal 
position, the inner end of the spindle B is about 
yin, distant from the end of the feathers of a small 
valve E which fits in a seat at D, as shown. Be- 
yond this seating this valve has a cylindrical body, 
which when the valve is pushed from its seat enters 
the corresponding bored part of the valve casing at 
I, and so closes it. The branch F of the valve 
casing communicates with the triple valve (and 
hence also with the air reservoir when the triple 
valve is open), while the branch G is in communica- 
tion with the brake cylinder. 

The action of this arrangement will be readily 
understood after what we have already said of its 
principle. On the brake being applied a strain is, 
through the arrangement we have described, ap- 

lied to the outer end of the lever A, this strain 

ing either upward or downward according to the 
direction in which the vehicle is running. The 
strain thus applied is a measure of the frictional 
hold of the brake-block on the wheel, and when it 
exceeds an amount which is determined by the pro- 

ortions of the levers and strength of the spring C, 
it tilts the lever A and forces the spindle B inwards. 
On the inner end of this spindle touching the 
feathers of the valve E a further resistance is ex- 
perienced due to the pressure of the air on that 
valve, but if the strain due to the frictional hold of 
the brake-block is sufficient, the spindle B still 
moves inwards forcing the valve E from its seat at 
D. It will be noticed that the body of the valve E 
immediately above the seat at D is cylindrical and 
fits the casing beyond the seat, so that the first 
effect of the movement of the valve is not to release 
any air past the conical seat at D, but merely to 
close the air-way at I, and so shut off the com- 
munication between the air reservoir and the brake 
cylinder. A further movement of the valve causes 
the release of air from the brake cylinder past the 
conical seat D and through the holes H H, the 
effect being to reduce the pressure in the brake 
cylinder, and so lessen the pressure with which the 
blocks are forced against the wheels. The result thus 
is, that whenever the hold of the brake-blocks on 
the wheels becomes such as to exceed that which 
has been determined upon as desirable, the reduc- 
ing valve is operated as we have explained, and any 
tendency to produce skidding is arrested. On the 
other hand, if the hold of the block upon the wheel 
falls below the standard fixed on, the lever A returns 
to its normal position, the valve E assumes the 
position shown in our engraving, and the communica- 
tion between the brake cylinder rnd air reservoir is 
left free for the passage from the former of a further 
supply of compressed air. 

The reducing valve shown in our engraving, and 
which we have been describing, is in some of its 
details an improvement on that fitted to the experi- 
mental van with which the experiments were made 
last Monday week, while the valve fitted to the van 
was under the disadvantage of being connected to 
levers which were not properly balanced, the valve 
having been placed within the van itself, so that its 
action might be conveniently watched, and this 
having necessitated a somewhat awkward arrange- 
ment of the lever connexions. Notwithstanding 


these disadvantages, however, the valve did its work 
admirably, and showed that it was quite capable of 
preventing skidding. 

The experiments last Monday week were made 
with the experimental van only, this van being at- 
tached to Mr. Stroudley’s express engine ‘ Gros- 
venor,” by a slip coupling, and the experimental 
stops being made by “slipping” the van, the de- 
tachment of the latter from the engine of course 

arting the brake-pipes, and applying the brake. 
Some other stops were made = the driver at 
signals, &c., but in these cases the distances ran 
were not taken, the particulars of the twelve stops, 
which were experimental, and in each of which the 
van was “slipped,” being as given in the subjoined 
Table. 
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The rails during these experiments were dry and 
clean, the day being clear and frosty. Cast-iron 
brake-blocks were used, and the air pressure carried 
in the reservoir on the engine was in nearly all 
cases 80 Ib. per square inch, The speed was taken 
by two of Mr. Stroudley’s speed indicators fixed 
in the van, and also by tw2 of Mr. Westinghouse’s 
speed indicators which we have already described. 
One of these latter, however, was accidentally 
disabled during part of the day, the result being 
that satisfactory speed curves could not be in all 
cases obtained from it. The time occupied in mak- 
ing each stop was taken by a stop-watch, and the 
various diagrams of brake-block pressure, tangential 
force (or frictional hold of the blocks on the wheels), 
and of the amount by which the weight of the van 
was transferred from the trailing to the leading 
axle when the brake was applied, were taken by 
means of the arrangements which were fully de- 
scribed by Captain Galton in the papers to which 
we have already referred. 

We give on the preceding page copies of the 
diagrams for stops Nos. 4, 10, 11, 12, 15, and 19, 
and these show very clearly the action of the re- 
ducing valve. In each diagram the thin full line A 
shows by its height above the base line the pressure 
on the brake-blocks, this pressure in this particular 
instance being equal to 240 times the pressure in 
pounds read off from the vertical scale annexed. 
The thick full line B isthe tangential force or frictional 
hold of the brake-blocks, the constant number by 
which the scale pressure is to be multiplied being in 
this case 60. The dotted thin line C is the speed 
line, while the thick dotted line D shows the weight 
on the springs of the rear wheels, and indicates how 
a portion of the weight is transferred from the rear 
to the front wheels on the application of the brake 
taking place. 

The constant multiplier for the lines A and B being 
240 and 60 respectively, it follows that a coincidence 
of these lines would indicate a tangential force or 
frictional hold equal to ,89,, or } of the pressure on 
the brake-blocks, All the diagrams show that at 
the higher speeds the proportion of frictional hold 
obtained is a much smaller percentage than this, 
but in each case a point is reached where the lines 
A and B cross each other, the former falling below 
the latter, and it thus being shown that under the 
circumstances existing last Monday weck, there was 
obtained at low speeds a frictional hold on the wheels 
exceeding 25 per cent. of the pressure on the brake- 
blocks. 

The effect of the reducing valve is shown by the 
rapid fall of the line A as the speed decreases, the 
pressure in the brake cylinder at the end of some of 
the stops being less than half that existing at the 





commencement. That this reduction of pressure is 





what is required is clearly shown by the uniform 
height of the tangential force line B, this being 

rticularly noticeable in Diagrams 10, 15, and 19, 

iagram No. 11 shows that during the experiment 
to which it refers, skidding took place about 1} 
seconds before the end of the stop, the reducin 
valve in this instance apparently not having releas: 
the air fast enough to prevent a somewhat sudden 
rise in the tangential force line B, and hence skid- 
ding having resulted. In some of the experiments 
the reducing valve absolutely prevented skidding, 
while in others there was a — short period of 
skidding just prior to the actual stop, this latter 
result being, however, evidently avoidable by a 
better adjustment of the apparatus, and the effect 
of the valve in insuring the smooth action of the 
brake being noticeable in all the trials. 

Altogether the experiments were very successful, 
and they showed that the arrangement which Mr. 
Westinghouse has designed is of much value. To 
render skidding impossible is a matter of very great 
importance, not only on account of better retarding 
results thus insured, but also from the avoidance of 
the excessive wear and tear of tyres, &c., which are 
attendant, on skidding, and for these reasons we look 
forward with. much interest to the further trials of 
Mr. Westinghouse’s arrangement. In taking leave 
of it for the present we may mention that the appli- 
cation of this reducing valve enables the valve now 
fitted on each carriage for releasing the brake by 
hand, to be dispensed with, the pressure of the hand 
on the lever coupled to the three-armed lever A 
opening the reducing valve, and causing the dis- 
charge of the air from the brake cylinder. The con- 
nexions between the reducing valve and the brake- 
block which operates it are very simply made, and 
altogether the additional parts which the use of the 
arrangement involves include no objectionable com- 
plications whatever. 








ENGLISH INDUSTRIES AND AMERICAN 
COMPETITION. 
(Continued from page 48.) 
THe GAUGE SYSTEM. 

THERE is something strange and humiliating, too, 
it. may be said, in the fact that although English 
engineers were the first to construct and employ 
standard gauges for machine fitting, and to establish 
uniform dimensions, other countries have derived 
greater advantages than we have from the use of 
such implements. 

Mr. John G. Bodmer, as early as 1840, perhaps 
sooner, had among many other useful reforms in 
machine fitting prepared and put into use in his 
works at Manchester a set of pins and collars— 
cylindrical gauges they are generally called—and 
had established a system of uniform dimensions as 
thoroughly as circumstances would permit. Later 
on Sir Joseph Whitworth, of Manchester, began 
the manufacture of cylindrical gauges as an article 
of trade, and has since supplied such gauges to all 
parts of the world where the English measure is 
employed. There isin America scarce asingle engi- 
neering works of the first class without a set of 
English gauges, and, as before said, there seems to 
be much more attention given to the subject abroad 
than here in England, where the system of inter- 
change or duplicating parts is confined to a few 
manufactures, 

There is one way, and no doubt a correct one, of 
explaining this in the want of co-operation be- 
tween different engineers and manufacturers here 
in England, where the idea has been with most 
people not to have a standard for dimensions which 
might become general, but some special one which 
others could not use. It is not the purpose to be 
all the time fault-finding, but when one comes to 
reflect upon the absurdity of an engineering firm 
trying at this day to promote their own interests by 
adopting an irregular standard of dimensions for 
screw threads, and so on, it requires considerable 
forbearance to prevent using harsh terms in com- 
menting on the subject. 

We were informed not very long ago by a 
maker of pipe-screwing machines that the dies in 
his machines would cut threads for tube fittings 
nore. either of two firms who had a different 
stan , because the “‘ pitch varied so little ;” in this 
case it was but ‘‘ one-fourth of a thread in eleven,” 
thatis, pipes and fittings of a certain size, made by 
one of the firms named, was eleven threads to an 
inch, and by the other firm eleven and a quarter 
threads to an inch. Now if there is an article of 
manufacture in the whole range of metal manu- 























Jan. 31, 1879.] 


ENGINEERING. 


87 





factures which demands uniformity, it is wrought- 
iron tubes and fittings. The trouble, delay, expense, 
and damage done by leaking joints, and the an- 
noyance of having to procure tubes or fittings from 
a particular firm, need not be commented on here. 
Exclusiveness based on a special standard of any 
kind, or in any manufacture, may be called a bar- 
barism of modern mechanics, an idea based upon 
erroneous premises, and the cause in many cases of 
losing valuable trade. It was this more than anything 
else which created a market for American tubes and 
fittings in Canada, where it was considered un- 
safe to fit up an establishment with pipes and fittings 
that could not be matched and interchanged. The 
wrought-iron tube trade is a large and important 
one which has been continually increasing; one 
which with proper attention to uniformity and good 
work could have been held in this country against 
all competitors, but unless there is some general 
agreement—some of the co-operation shown in other 
countries—irregular screw threads and irregular 
dimensions will drive the business elsewhere. 

Not only is there a difficulty in matching or inter- 
changing much of the tubing now made, but there 
isa considerable loss in many cases from a rule that 
each piece of tube, no matter how short, must have 
a socket or coupling fastened on one end. With- 
out knowiug why such a rule has been adopted, the 
inference must be that it is because the sockets are 
not interchangeable. Ina recent case which came 
under examination, where a manufacturer had been 
erecting some tubes for steam and water, there was 
left as waste a quantity of these unions or sockets, 
which would represent in value at least 5 per cent. of 
the tubes employed. There was of course a great 
number of short pieces used to cause such a waste, 
but still it was a needless waste, and shows the need 
of reform. A convention of tube manufacturers, if 
called, would nodoubt beable toagree upon standards 
for threads and fittings as well as the abandonment 
of rules which have their origin in the imperfection 
of processes of manufacture. 

Returning now to the subject of gauged work, or 
interchangeable work, it should be pointed out for 
those who do not understand the mattter practically 
that such a system is by no means one which can 
be commenced at pleasure, simply by procuring 
and adopting gauges; on the contrary, in most 
kinds of manufacture the interchangeable or dupli- 
cating method amounts to a total change of pro- 
cesses and implements, 

The course of mechanical development, it may be 
called, can be divided into three stages, namely, 
handwork—handwork assisted or supplemented by 
machines, and machine work unaided by handwork. 
This has been the history of nearly every skilled 
manufacture ; the starting place has been handwork, 
and the ultimate end or object machine work. 
The duplication of parts is this ultimate end be- 
cause there can be no handwork on articles made to 
gauge and uniform. ‘The proposition may seem 
strange, but is true nevertheless, that a single rub 
with a file, a blow with a hammer, may destroy the 
uniformity of anything so treated. Machine action, 
and this alone, must be depended upon to secure in- 
terchange. This system of uniform parts carried 
out in certain branches of manufacture in this 
country and America, especially in the case of 
firearms, watches, sewing machines, and so on, 
can only be regarded as an earlier attainment 
in these cases of a perfection to which all kinds 
of manufacture of the same class are tending. 
The system has been extended to locomotives, 
both here and in America; at least one firm is now 
attempting to carry the same method into practice 
in the construction of stationary steam engines, and 
we may claim that when successfully attained, and 
of this there is no doubt, the cost of production will 
be so reduced that successful competition by specially 
fitted work will be out of the question. 

In adopting the gauge-system for any kind of 
work the first thing to be attained is a confidence 
in machine action, next, constants for dimensions ; 
proportions which will not require change when 
tools and machines are prepared; third, tools and 
machines for preparing the work. These three 
things are indispensable, and while it may seem 
strange to name a confidence in machine action as 
one and the first element, nevertheless it is so. With- 
out such confidence no one will attempt duplication, 
and this confidence is by no means easy of attain- 
ment. As before intimated, education in mechanic art 
begins with handwork. Itis like all other education 
divided into stages, but with this difference, that 
progress must be general, methodical, and exact. 








The greatest impediment is in determining 
standard proportions, and nothing but the collected 
experience of a great number of people, and usually 
throughout a long period of time, can determine 
constants for the most simple things, even the parts 
of a door lock for example. As machines and tools 
when prepared for a certain “ set” of pieces are not 
easily or cheaply changed to produce different pieces, 
there is a dread of assuming that a product of any 
kind is perfect enough to become the object of 
interchangeable manufacture; besides when once 
entered upon, there is no means of changing with- 
out a total break in the system. Pieces made after 
such a change will not fit those made before, 
so that there are many difficulties to be faced in 
assuming constants and venturing upon the system 
we are discussing. 

As an illustration of how difficult it is to de- 
termine what we have been calling constants, steam 
engine governors may be named as an example. 
Watt’s centrifugal governor comprehended nearly 
all the principles and functions found among the 
scores of modifications to be met with at the present 
day, and if we leave out of consideration the im- 
provements of fitting and general machine construc- 
tion, the difference between Watt’s governor and 
the latest refinement is not great. HPposing the 
gravity and centrifugal force of the balls by springs 
or weights to secure higher speed and more sensi- 
tive action, connecting links so arranged as to pro- 
duce isochronical movement, may be said to include 
nearly all modifications and inventions since the 
time of Watt and the birth of the steam engine, and 
yet among the most skilled mechanical engineers 
who would assume to select and fix constants for a 
steam engine governor, simple as it is when con- 
sidered as a machine? 

It has been attempted, however, in one case, and 
if not with success in so far as adhering to uniformity, 
yet with success enough to demonstrate that the 
duplicating system, even when not fully carried 
out, will so cheapen the cost of production as to 
preclude competition by steam engine makers, The 
case alluded to is that of Mr. Junius Judson, of 
Rochester, U.S.A., who between 25 and 30 years 
ago began the manufacture of steamengine governors 
as a speciality, and from economic causes already 
explained, forced engineers to purchase his governors 
because of their low price and excellent fitting, 
neither of which could be attained by special work. 
So great was the gain resulting from system and 
gauging that at this time scarcely any maker of steam 
engines in America ever thinks of making a centri- 
fugal governor. 

With all impediments, however, it must be 
obvious to any one who has watched the develop- 
ment of skilled manufactures during twenty years 
past that the gauging system will be adopted as 
fast as settled forms of construction are arrived at, 
and it must be equally obvious that those first adopt- 
ing such a system will reap = advantages 
by coming first into the field with cheaper products, 

By applying the system to small arms manufacture 
the American manufacturers have not only been 
able to secure a market for these products in 
Europe, but a market also for tools and implements 
to a large amount during twenty years past. The sale 
of arms and implements leads to a sale of fixed am- 
munition and other material pertaining to armament, 
By applying the same system to watches, clocks, and 
sewing-machines, there has been created a market for 
these things in Europe, a market all the time widen- 
ing and becoming more permanent as the duplicating 
system becomes more perfect. 

Among these articles made in America and sold to 
a considerable extent in Europe it will be found 
that the greater part belongs to that class, the 
production of which is directly affected by gauging 
and duplication, and we will further find that 
the cost of production is not the only cause which 
has enabled a competition ; ree has also been a 
factor in the case, because looking back over the 
rise and progress of the gauging system, it will be 
seen that quality has improved, generally in a direct 
ratio to the extent to which machines have taken 
the place of handwork. 

This is especially true of all articles of metal 
where milling is the principal process in shaping 
them, because milling, besides insuring exactness, 
demands clean homogeneous material. 

To close these remarks upon the gauge system, it 
may be pointed out that the elaborate experiments 
to fix a standard yard in England and a metre in 
France, are the first steps toward gauging and in- 
terchange. The tables for screw threads fixed by 





Sir Joseph Whitworth, and since adopted by most 
engineers in this country; was another step in the 
same direction. The present agitation ut the 
metrical or some other universal system of measures 
and weights is also a part of the same scheme. 
Everything is tending to uniformity and fixed 
standards, and that nation, among those engaged in 
skilled manufactures, which most rapidly advances 
in that system, will lead by cheap production and 
better quality. 

So little progress has thus far been made, or to 
state it better, so few manufactures have been 
brought within the gauge system, that but few 
people have considered whatits extent and influence 
may be in the future, and it is not unusual to hear 
people scoff the idea of interchange. The writer 
was informed by a London watchmaker a short time 
since that “the pretence of interchangeable parts 
for American watches was all a hoax,’’ ‘it was im- 


possible, and there was an end of it.” It ia not a 
hoax, however, but is becoming a great and impor- 
tant fact with respect to even standard joinery, fur- 


niture, agricultural implements, indeed, more or less 
in all cases where the members of a machine or 
other implement are liable to unequal wear or 
perishability. 

(To be continued.) 


AMERICAN IRON AND STEEL WORKS. 
By A. L. Hoiiey and Lenox Smiru. 
No, XXXIV.—THE Works or Messrs. Cooper, 
HeEwirt, AND Co, 

Tuis house, which now represents the iron and 
steel manufacture inaugurated by Mr. Peter Cooper 
half a century ago, controls an extensive business, 
comprising in its various works every branch of 
mining, metallurgical, and mechanical industry in- 
volved in the production of cast iron, wrought iron, 
and open-hearth steel, and their manufacture in 
many finished forms, as well as their employment 
in constructions. The exhibit of the house at the 
Centennial, now remaining in the permanentexhibi- 
tion, still shows with clearness and in successive 
order all these industries and stages of manufacture, 
An accompanying illustrated descriptive pamphlet 
contains an interesting, though condensed, summary 
of the different works and operations. From it we 
learn that Messrs, Cooper, Hewitt, and Co. are now 
operating a colliery in the Schuylkill anthracite 
region, a dozen iron mines and ore beds Las 
——. and brown hematite ores) in New Jersey 
and Pennsylvania, several blast furnaces in the same 
States (of which the Durham furnace, the only one 
now in blast, will be more particularly described 
below) and wire and rolling mills, horseshoe and 
chain shops, steel works, and a large water power 
(leased to other manufacturers, as well as employed 
by the works of the house) at Trenton, New Jersey. 
Many of these enterprises are administered, for con- 
venience, under the form of stock companies, but 
they are all owned by the same parties. The coal 
property in the Schuylkill region constitutes an 
estate of some 4000 acres of anthracite lands, owned by 
the Alliance Coal Mining Company, in which, how- 
ever, this house has a controlling interest. 

The existing exhibit (now belonging to the 
American Institute of Mining Engineers) shows 
very fairly the present s of raw materials and 
manufactured articles. e coal (a single $-ton 
piece) is of the variety of anthracite known as ‘‘ red 
ash,” from the upper beds of the Schuylkill series, 
This variety is chiefly sought for domestic 
as the most most freely-burning of anthracites. Its 
liability to “clinker” renders it inferior for some 
a am to the harder ‘“‘ white ash” coals. The 

tter are usually employed in anthracite blast fur- 
naces; but ironmasters owning a red ash colliery are 
not thereby inconvenienced, since they can sell that 
kind of coal for more than the price they have to 
pay for the other. The red ash coals are usually 
ess compact, clean, and brilliant than the white ash. 
but the piece exhibited is so excellent in these 
respects as to be mistaken for a white ash coal. 

he limestone is a dolomite containing about 30 
per cent. of lime, 16 to 18 per cent. of magnesia, 
and about 8 per cent. of silica, The experience of 
our Lehigh manufacturers has shown this ancient 
magnesian limestone to be equal, if not superior, to 





the purer varieties, as a blast furnace flux. It may 
be queried, however, whether its employment has 
not something to do with the admitted large con- 


sumption of coal in anthracite blast furnaces, 

he numerous gpecimens of iron ores exhibited 
by this house, as employed in their works, include 
imported ores (Mokta); magnetites from the Ring- 
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ROLLING MILLS OF THE NEW JERSEY STEEL AND IRON COMPANY, TRENTON, U.S.A. 
(For Description, see Page 89.) 
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THE MINERAL WEALTH OF EUROPEAN RUSSIA. 


(For Description, see Page 90.) 
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ing 60 per cent. in the blast furnace), and by purity 
—except as to phosphorus, of which they contain 
too much to be available for Bessemer pig. Another 
New Jersey ore here shown carries practically no 
phosphorus, and but little sulphur, with some lime 
and manganese, Still another is free from phos- 
phorus and sulphur, but contains over 14 per cent. 
of titanic acid. It is this latter ore which has lately 
‘attracted the attention of chemists by reason of its 
percentage of vanadic acid. The Durham magne- 
tites are very pure, but silicious ; the brown hema- 
tites, which occur along the limestone belt in Penn- 
sylvania, are liable to be more or less phosphoric. 

An interesting part of this exhibit ef raw materials 
—the series of woods from the Ringwood forests— 
was shown at Philadelphia in the collection of the 
New Jersey Geological Survey. Its only bearing 
on the iron manufacture is the proof it affords that 
within two hours’ journey from New York a vast 
tract of woodland still exists, in which the charcoal 
forge and furnace may still be operated. 

Following the raw materials, come the pig irons 
of Durham and Ringwood, the charcoal blooms of 
the latter property, and some Centennial relics, in 
the form of pigs, utensils, &c., cast during the last 
century. Then comes the abundant and varied 
display of puddied iron, rolled shapes, steel chains, 
horseshoes, &c., from the New Jersey Steel and 
Iron Company's works, at Trenton, and, finally, 
closing the series, the products of the Trenton Iron 
Company’s wire and rod mill. The steel exhibited 
was made in the open hearth by the Martin- 
Siemens process. ‘This house controls the Martin, 
Tessié du Motay, Post, Pernot, Slade, and other 
oy bearing on this process in the United States; 

ut its works, the first erected in the country, are 
now much inferior to some which have since been 
constructed by its licensees. The Pernot puddling 
and steel melting furnaces, of which large and com- 
plete models are exhibited, have not as yet been in- 
troduced here in actual practice, but will be during 
the present year. One reason for this has been 
the hard times; another may have been the general 
disposition to wait until the relative merits and 
capacities of the Siemens and the Pernot furnaces 
are more definitely established by European practice. 

The most remarkable product of the Trenton 
Iron Company is its gun-screw iron, used by the 
manufacturers of arms. ‘This iron, by reason of ex- 
traordinary care in welding, possesses extraordinary 
homogeneity as to both strain and structure. A 
sample tested by Professor Robert H. Thurston, 
being gin. in diameter, suffered an elongation of 
the exterior fibres by torsion to 2.2 times their 
original length before breaking. (See paper of 
Professor Thurston before the Society of Civil En- 
gineers, February 4, 1874, published April, 1874, in 
the Journal of the Franklin Institute). The wire 
used in the construction of the Woodbridge gun, 
exhibited by the United States Government, was 
manufactured of Martin steel at these works. 


Tue Roiuwe Muts or tHe New Jersey STEEL AND 
Iron Company, AT TRENTON, NEW JERSEY. 


These works are located at the head of tide water 
on the Delaware river, about 30 miles above Phila- 
delphia and 60 miles from New York. Their near- 
ness to these important markets in some degree 
compensates for their distance from the coalfields 
(100 miles from the anthracite and 300 from the 
bituminous fields), and to some extent determines 
the character of the product on which the works 
can be run most advantageously, viz., wrought-iron 
beams used in the construction of fireproof build- 
ings, shaped iron, chain, Siemens-Martin steel, and 
in general high-class rather than cheap products, 
The works are connected by their own Faw rail. 
way with the main line of the Pennsylvania Rail- 
way, and also with the Delaware and Raritan canal, 
giving excellent facilities for receiving and shipping 
materials and product. 

The mill is shown in plan by Fig. 1, on page 88. 
The puddling and top and bottcm trains are located 
at the south end of the works nearest to the stock 

ards. These trains are of 19 in. pitch and are driven 

y a 30 in, by 36 in. vertical Corliss engine. They 
are plaved on each side of the engine, as shown in the 
plan. The same engine also drives a rotary squeezer 
placed just in front of the pinions of the three-high 
puddle train. 

There is also a §-ton Condie hammer formerly 
used in place of the squeezer in the manufacture of 
puddled steel, but now used chiefly for hammering 
piles of scrap iron. Besides this there isa Dudgeon 


steau hammer used for hammering steel ingots, 








The puddling furnaces, thirteen in number, are 
all double. They make six heats per turn, charging 
900 Ib. of pig iron per heat, and using about one- 
fifth of a ton of magnetic ore per ton of iron pro- 
duced. The fuel consumed is one ton of Clearfield 
county, Pennsylvania (semi-bituminous) coal per ton 
of muck bar. The two-high top and bottom mill on 
the opposite side of the engine is supplied from 
four heating furnaces. On the delivering side of 
the train are two hot shears, a hot saw, and a cold 
shears for cutting up the product in the manner 


uired. 
The blast for the entire works is furnished by two 
large Sturtevant blowers, driven either by a 66-in. 
pe ta water-wheel, or by an 18-in. by 42-in. 
Corliss horizontal engine, the latter being used only 
when the supply of water is inadequate. 

At the south end of this portion of the works is 

the Siemens-Martin steel plant, a single 5-ton fur- 
nace, interesting chiefly from the fact that it was 
the first one built in the United States, The gas is 
furnished by four gas producers of the ordinary 
type, and the materials are heated in a preliminary 
furnace, also a Siemens furnace. The steel pro- 
duced has been chiefly rolled into bars for machinery 
uses. 
Proceeding now to the finishing mills, there are 
four three-high trains, respectively 8 in., 12 in., 
19 in., and 26in. indiameter. The former isa small 
merchant train driven by a 16-in. Corliss vertical en- 
gine with 30 in. stroke. The 12-in. train is used for 
rolling small J beams and other shapes, and is driven 
by a 22-in. by 30-in. Wright vertical engine. The 
two larger trains are driven by a 46-in. by 40-in. 
Babcock and Wilcox vertical engine, the 19-in. 
train being driven directly from the flywheel shaft, 
and the 26-in. train, situated on the opposite side 
of the engine, by gearing proportioned so as to re- 
duce the speed of the rolls, and give power ample 
for the heaviest work. 

In the 19-in. train, beams and channels up to 9 in. 
in width are rolled, and in the 26-in. train sections 
of the same character up to 15in. in width and 
lengths up to 50 ft. 

The piles for this work run up to 2 tons in weight, 
and demand something more than the ordinary 
hooks to handle them with facility. For this pur- 
pose a hydraulic lift is placed opposite each set of 
rolls on the side of the train at which the piece re- 
quires to be raised. This consists, as shown in Figs, 2 
and 3, page 88, of a rectangular frame about 30 ft. in 
length and 4 ft. in width, supported at four points 
by connexions from the arms of a pair of rocking 
shafts placed in a pit beneath, and actuated by 
the hpdeaaile cylinders. This frame, which re- 
ceives only vertical motion, supports two other 
similar tables, one having a motion parallel with the 
train, and the other, resting again upon this, having 
a motion at right angles to the same. Each table 
receives its motion from a small hydraulic cylinder 
actuated independently of the other, so that the 
piece may at any moment be raised or lowered, 
traversed from one groove to another, or entered 
into or withdrawn from the rolls. The upper table 
is provided with rollers, the ends of which support 
it in rolling on the intermediate table, while the 
pile itself rests on their central portion, and so re- 
ceives double the motion imparted to the table 
frame. 

This trainis also provided with ahydraulic crane for 
changing rolls. ‘The train contains three sets of 
rolls, the finishing grooves being in a set by them- 
selves, and only two high. The finished bar as it 
comes from the rolls passes between a long pair of 
guides fastened to the floor, which keep the piece 
straight, and driven rollers are placed in the floor 
leading to the saws, and in the saw carriage itself, 
and at the end of the straightening plate at the hot 
bed, so that it is unnecessary to handle the piece at 
all from the time it leaves the rolls until it reaches 
its destination at the hot bed. The preservation, by 
this arrangement, from twisting of bars which are so 
easily got out of shape, and so difficult to straighten, 
is of greater importance than the saving of labour 
also obtained. e rollers in the saw carriage are 
driven by friction clutches, and are reversible, 
thus enabling the bar to be moved to an exact 
position to be cut to length, The saws are 
placed at a distance apart equal to the longest beam 
which can be cut. The furzaces are provided with 
power winches for withdrawing the piles. All the 
water required in the works is supplied from seven 
independent stea.n pumps placed in a te brick 
building on the river bank, and, therefore, always 
accessible in case of fire, In addition to the rolling 








mills there are ample machine shops for the execution 
of bridgework or other construction for which the 
product of the mills are intended. There are also 
shops for the manufacture of chain and horseshoes 
The number of men employed is about 600. 





THE MINERAL WEALTH OF EUROPEAN 
RUSSIA. 

Introductory Remarks and Geological Outline.—The 
Russian show of minerals at the Paris Exhibition was 
worthy of special attention, for it had been most care. 
fully prepared, and it represented a country where 
there is still an immense field open for mining and 
metallurgical enterprise. Not only did it contain 
many detached exhibits that represented private in- 
terests, with valuable specimens of every description, 
but the scientific Council of Mines of St. Petersburg 
had placed at the student’s disposal a most interest- 
ing and instructive collection of Russian minerals. 
By its means and witha considerable saving of time 
and inquiry, one could rapidly obtain a very correct 
idea of what the country is capable of producing. 
We, of course, speak in a general point of view, for 
miners well know that samples can never give a 

recise idea of actual mienall wealth, and that the 
nest specimens are often taken from the poorest 
mines. 

Although we shall have to mention several of the 
detached exhibits alluded to, the official collection 
will be our constant guide in the course of our 
articles on Russia. We shall endeavour to-day to 
give a general idea of the geological features of the 
empire, and dealing in subsequent articles with each 
district separately, describe the coalfields and 
mineral centres that are most likely to interest our 
readers. The printed notes that have been prepared 
by the Council of Mines will assist us considerably 
in our task, but we owe special thanks to M. Kouz- 
netsoff, representative of the Russian mining in- 
terests in the international jury, for much valuable 
information. 

A glance at the map we give on page 89 shows how 
large a space of the empire’s surface is composed of 
sedimentary rocks, Nearly every age of the long 
geological series can be met with, covering with 
irregular outlinesome portion of the immense Russian 

lains. The eruptive rocks are found only on the 
rontiers of European Russia, as if intended to 
establish a geographical limit to the sedimentary flat 
country. In the north a very large granite and 
gneiss formation, that extends from the Gulf of 
Finland to the White Sea and even beyond, has 
came been the means of bringing to surface a 
arge fragment of the Silurian epoch, that borders 
the south side of the Gulf of Finland and extends as 
far as St, Petersburg and Lake Ladoga. Deposits 
of phosphate of lime and bituminous schist are 
known to exist in the silurian beds, as well as iron 
and copper in the eruptive rocks, Next to the 
silurian rocks and probably resting on them, we 
find an extensive country covered by the Devonian 
series, with an arm or branch that extends north as 
far as the White Sea, and another to the south of 
Moscow, as far as the town of Voroneje. Salt 
springs, gypsum, petroleum, and bituminous slate 
are found in this formation. In Poland similar de- 
posits contain copper ore and marble quarriés. 

If we turn our attention to the eastern extremity 
of European Russia, we again find the eruptive 
rocks playing an important part. But instead of a 
compactmass, we have here along, narrow, and north- 
south strip, that constitutes the well-known range 
of the Oural Mountains. In a geological point of 
view, the eastern and western slopes of this range 
differ very considerably. The latter are formed 
by hills parallel to the general bearing of the Oural 
Mountains, gradually lowering towards the west. 
The sedimentary layers that form these hills are 
often most irregular towards the centre or highest 
portions, where they are in contact with fragments 
of eruptive rocks, such as diorite and granite; but 
as these disappear, the beds are less disturbed and 
gradually attain exceptional regularity as they near 
the low lands of the westerncountry. A geological 
map of the western slope of the Oural Mountains 
would be formed of ribbons placed in a parallel 
position to the general range, and in many places 
presenting a very complete series from the silurian 
to the Jurassic layers. 

The eastern side of the range is quite different. 
Here, instead of — slope extending for many 
miles, the country mes comparatively flat at no 
great distance. The mountain sides are almost 
entirely formed of plutonic rocks, with fragments 
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of sedimentary formations imbedded in their mass, 
and occupying most irregular and complicated 
positions. Numbers of faults and slides can be 
observed at every step, not only in the moun- 
tainous part, but in the flat country also as far as 
the eruptive rocks extend. 

The Xistribution of the mineral deposits of this 
district is of course nearly connected with the geo- 
logical arrangement. On the west side we naturally 
find the deposits of a sedimentary origin, such as 
brown hematite, cupriferous sandstone, coal, &c., 
whereas /odes have to be looked for on the eastern 
slope, where magnetite, chrome iron, auriferous 
quartz, and copper ore are abundantly worked, 

If we continue the nomenclature of the eruptive 
rocks of Russia, we come next upon the Caucasian 
and Crimean hills, that appear to be of a far more 
recent date than the Oural Mountains. Not only 
are the Jurassic beds the oldest to be found in this 
district, but an abundant volcanic formation, marked 
on the map, seems to have played an important 
in the outline of the country. Iron, copper, silver 
lead, cobalt, and manganese are found here, as well 
as Jurassic coal, and lastly, native sulphur in con- 
nexion with the volcanic rocks. 

Towards the Turkish frontier, in the neighbour- 
hood of the Bougue river, granite appears again, 
surrounded by tertiary formations, but seemingly 
having but slightly influenced the country’s level. 
Weremark that for many miles the Bougue follows 
its course through the centre of a narrow strip of 
granite, that is limited on either side  { tertiary 
rocks. The granite is probably soft, and partially 
decomposed, as well as of ancient date. 

We must, lastly, take note of some fragments of 
granite, apparently belonging to the same epoch as 
the one just mentioned, that have evidently played 
an important part in the upheaval of the carboni- 
ferous beds of the Donetz district. 

From what has been said of the eruptive rocks of 
Russia we can infer that by far the most extensive 
portion of the empire has escaped their influence, 
and that for many square miles between the Oural 
Mountains, St. Petersburg, and the extreme south, 
the sedimentary beds have been allowed to retain 
their primitive regular stratification. The carboni- 
ferous formations are therefore, in general, ex- 
tremely regular, and the beds succeed each other in 
perfect order. The largest, although not the most 
important, rests on the Devonian rocks of the Baltic 
that we have already mentioned. It extends south- 
east beyond Moscow, and far north, in a narrow 
strip to the White Sea. Although covering an im- 
mense tract of country, workable coal has, as yet, 
been only found in two places—to the north-west 
of Moscow, and to the south of the same city. As 
we shall see hereafter, the quality of the coal dis- 
covered so far in these districts, is not altogether 
satisfactory, having the appearance of lignite, and 
containing high percentages of ash. 

The Donetz basin in the south of Russia con- 
tains numerous seams of very excellent coal, with 
every variety of quality from gas coal to anthra- 
cite. They are extensively worked, and in 
1875 yielded upwards of 800,000 tons of coal of 
different kinds, Although much smaller than the 
first formation mentioned, this basin is far richer in 
coal deposits and is better situated, command- 
ing water carriage by the Donetz and the Don, 
as well as a railway line to a seaport at no 
great distance. The working of these coal seams ig 
likely to be greatly and rapidly developed. Iron 
was also discovered in the same district by Messrs. 
Le Play and Lalaune in 1842, and now is worked and 
smelted by the New Russian Company and by Mr. 
Pastoukhoff at his Soulinovsk works. The iron ore 
in both cases is taken from the carboniferous beds. 
The coal measures rest on a mountain limestone of 
a dark shade, and are characterised by numerous 
fossils of the productus giganteus. First comea series 
of sandstone and argillaceousschists, that contain iron 
ore and sometimes Jayers of carbonate of lime; the 
sandstone is traversed in different places by quartz 
lodes with silver lead. Above these are the coal 
beds or seams that M. Ludwig divided into five 
groups, characterised by paleontologic remains. 
Last of all the formation is completed by a series 
of coloured clay, sandstone, and calcareous beds, 
the last containing fossils of the fusulina cylindrica. 

In Polish Russia, coal is found near the German 
frontier, where a portion of the Silesian basin is 
worked to advantage. The Dombrowa deposit is 
most remarkable for its regularity and the dimen- 
sions of its beds, It is said to be capable alone of 
supplying the wants of Poland and of West Russia. 





The Polish coal formation further contains iron and 
lead ore, as well as bituminous limestone. Lignite 
has been found in the tertiary beds of Poland. 
ng, seer + and ribbons of carboniferous beds that 
were brought to surface by the eruptive influence 
of the Oural Mountains are found both to the west 
and to the east of the range. On the west side, the 
basis of the formation is again the mountain lime- 
stone, resting in its turn on the Devonian rocks. 
The coal measures that follow contain many good 
seams of coal, although the percentage of ash ap- 
pears to be rather high. Five groups of-beds have 
been met with containing gas- coal of excellent 
quality. 

On the east side of the Oural a few seams of no 
great importance have been worked and explored, 
but in most cases they have been abandoned. 

Coal has been also met with in the Caucasian 
range, but the formation is supposed to be Jurassic, 
A considerable number of seams crop out on the 
banks of the Tchirdiliss-Oukali river, varying in 
thickness from 2 ft. to 10 ft., but so far the amount 
of ash has been found too high to encourage work- 
ing. As only surface workings have been under- 
taken, itis possible that the quality of the coal may 
improve in depth, 

As we have mentioned before, the more modern 
sedimentary rocks are largely represented in Russia. 
The Permian beds are distributed in fragments over 
different parts of the country, in the north, to the 
east of the Volga, near the Courland frontier, in the 
neighbourhood of the Donetz coal district, and 
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Caspian Sea, are entirely formed of post tertiary 
deposits, that running westward to the Black Sea, 
plainly show the water communication that once 
— ben ne basins, 

us given a hurried ce at the general 
outline of geological Russia, we shall be better pre- 





SANDRINGHAM WATER SUPPLY. 


Some time ago the water supply to the residence of 
His Royal Highness the Prince of Wales, at Sandringham, 
was found to be in a very unsatisfactory condition both 
as y= quantity and quality. In consequence of this, 
Mr. Rawlinson, 0.E., 0.B., received instructions to in- 
vestigate the matter, and to advise as to remedial 
measures. It was found nec to extend these pre- 
liminary inquiries beyond the question of water to those 
of the house drainage arrangements and the disposal of 
the sewage. In these investigations Mr. Rawlinson 
availed himself of the services of Messrs. Lawson and 
Mansergh, of Westminster, and under Mr. Rawlinson’s 
supervision, and with his approval Mr. Mansergh has 
designed and superintended the whole of the works as 
acting engineer. Oareful surveys of the whole district 
were first made, and trial borings for water were put 
down in several places, In the end it was determined to 
obtain the water supply from a chalk spring situated at 
a distance of about 14 mile from Sandringham Hall, 
This spring is the principal feeder of a small stream 
running through Den Beck Wood, and which at that point 
forms the boundary line betwixt the estate of His Royal 
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finally in Poland. Salt, sulphur, petroleum, and 
copper ores are found in the Permian formation. 
he trias rocks cover a triangular space, of which 
the angles approach the towns of Mezen, Oustiongena, 
and Orenbourg. They are also found near the plains 
of Astrakhan and in Poland. In this last country 
they contain calamine, galena, coal, and iron ore, 

he Jurassic beds form detached f mts, of 
which the most important are in the neighbourhood 
of Moscow, in the Petchara basin, and on the 
borders of the Volga. Amongst other workable 
substances, they contain bituminous slate, iron 
pyrites, iron ore, and phosphate of lime, 

The cretaceous layers are found in Central and 
South Russia, They contain phosphate of lime and 
white chalk. 

The tertiary rocks cover larger spaces in the 
south, and sometimes contain lignite deposits. 

The plains of Astrakhan to the’ north of the 





Highness and the Earl of Leicester. The spring is 
thrown out by the clay underlying the chalk at about 
92 ft. above ordnance datum, or about 22 ft. below tho 

und floor of the hall. Between the spring and the 
fall a ridge of high ground intervenes, rising to 176 ft. 
above ordnance, or to about 5 ft. above the highest part of 
the roof. 

Although this is the most elevated oy in tho 
neighbourhood, still it is not sufficiently high to give 
adequate pressure for fire extinguishing purposes. A 
tower 60 ft. high has, therefore, been erected, upon which 
is placed a tank to be used as a service reservoir, anil 
from this tank supply mains have been laid down to and 
around the hall. The yield of the spring varies from 
about 15,000 to 150,000 gallons per 24 hours. The water 
is clear and kling, and has a total hardness of about 
17 deg. on ke’s scale, but is softened to about 6 deg. 
prior to being pumped into the tank. The relative posi- 
tions of the spring, the pumping station, and the hall, 
are shown on the general plan (Fig. 4) in our two-page en- 
graving. Inorder to preserve the water from contamina- 
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WATER TOWER AT SANDRINGHAM. 


tion of any description and to prevent waste, the spring has 
been closed in a bricked chamber covered with a landing, 
and provided with an overflow and notch plate for measur- 
ing the quantity, and in the landing there is a locked man- 
hole. From this chamber a line of 9-in. glazed stoneware 
pipes conveys the water to a small screening chamber at 
the pumping station. This line of pipes is 750 yards long, 
and has a fall of 1 in 800, and its water-tightness is 
insured by the use of Stanford’s patent joints. In the 
screening chamber there is a fixed overflow by means 
of which any surplus water may be turned into the stream, 
or the whole diverted past the softening tanks into the 
underground reservoir. 





In ordinary working a certain quantity is delivered in | of self-acting syphons into the underground reservoir, 


the oval chamber in the first building seen to the right in 
the general plan of the pumping station, see Fig. 6. It is 
there converted into lime-water, the mixture with the lime 
being assisted by a pair of revolving agitators driven by 
a three-cylinder Ramsbottom hydraulic engine, worked 
by a small branch from the rising main. The cylinders are 
about 8 in. long and 1} in. in diameter. The lime-water is 
then delivered into two softening tanks in the second 
building, each holding 3000 gallons, and this quantity is 
turned into them to be mixed with the lime-water. After 


allowing a proper time for the reaction and the settle- | 


ment of the precipitate, the water is drawn off by means | back end flanged, and the front turned true on edge and 


which contains 18,000 gallons, and is then ready to be 
pumped into the tank on the tower. 

The pumping apparatus is shown in elevation, plan, and 
section at Figs. 1, 2, and 3 of our two-page engraving. It 
consists of a set of three-throw single-acting ram pumps 
driven by a horizontal condensing engine supplied with 
steam from a Cornish boiler. The boiler is 4 ft. in dia- 
meter and 12 ft. long, and has a 26 in. flue fitted with 
three Galloway tubes. The plates of the shell are of 
best best Staffordshire iron 2 in. thick, with the edges 
planed. The end plates are 4 in. thick in one piece, the 
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THE HERRESHOFF TORPEDO BOAT. 

Ix a recent number (vide page 32 ante) we gre coe 
ulars of the torpedo boat lately built for the British 
ernment by the Herreshoff Manufacturing rm 

of Bristol, Rhode Island, U.S.A., and 57, Gracechurch- 
street, London, and we now give, on 93, engravings 
which will further ex the peculiarities of this very in- 
teresting vessel. The boat is 59 ft. 6 in. long with 7 ft. 6 in 
beam, and it has a composite hull with timber planking 
below the water line, and a steel skin above, while there is 
also » steel superstructure of the form shown, covering the 
machinery and men. The form of this superstructure is 
shown by Figs. 1 and 38, the latter also showing 
—s manner Aap s — ty ws is —_, between the 
8 upper s ° of 
the lower hull is of white vase 7 ia fateh, ai the akin 


of the upper is of the best homogeneous steel plates 
vein. thick. = 5 


Fig. 3. 





The composite system of construction we have de- 
scribed was adopted because a wooden covering below 
water can be made and kept more smooth than a steel 
one, while it is at the same time more durable on account 
of the very small thickness of steel which would be ad- 
missible in order to keep down the weight. It is pro- 

hereafter to cover the bottom with copper or 
untz metal when desirable. The lines of the hull are 
nearly alike at the bow and stern. 

The boat is propelled by a compound engine of the in- 
termediate receiver type and having a 6 in. and a 10} in. 
cylinder each with 10 in. stroke. e air pump is 3 in. 
in diameter and the feed pump l}in. in diameter, both 
having 5 in. stroke and both double-acting. These 
pumps are driven by a small independent horizontal 
engine, not shown in our engra There is also 
another independent engine for driving the fan blower, 
this engine a small vertical of 24 horse power, 
placed as shown in Fig. 1. The fan supplies air ata 
pressure of about l}in. of water to the closed compart- 
ment in which the boiler is placed. 

The boiler is, like many other details of the boat, of a 
special type patented by Messrs. Herreshoff. We shall in 
an early number pub’ detail views of this type of 
boiler ; in the mean time we may state that the boiler 
fitted to the torpedo boat forming the subject of the 
—— notice consists of a coil of wrought-iron pipe 2 in. 

diameter and about 300 ft. long, coil forming a 
kind of combustion chamber above the grate, which is 
4 ft. in diameter. The feed is supplied to. the upper end 
of the coil and the mixed steam and water escaping from 
the lower end passes into a separator where the water is 
deposited, the steam being then led through a short super- 
heating coil on its way to the e. separating 
chamber of the boiler is placed in the engine-room, where 
the blowing-off valve can be managed by the man who 
attends to the feed pump and fan engine. 

As will be seen from Fig. 1, the engine is ed well 
forward in the vessel and the shaft rans at an inclination 
through the bottom of the boat. In order, however, to 


counteract the effect of running a screw with a y in- 
clined shaft, the latter is curved throughout its | 
so that the after end is brought nearly horizontal. The 


shaft is of steel and is kept to the curve shown by being 
run in a brass tube which is bent to the desired curve, 
and which forms a kind of continuous bearing from end 
to end. The tube just mentioned extends to within about 
a foot of the engine, and the stuffing-box is fitted to its 
innerend. This plan of employing a “sprung” shaft to 
communicate the motion tothe screw is a bold departure 
from ordinary practice—as indeed are many features of 
the boat—but it appears to answer well, and the friction 


involved by this arrangement is stated not to be in any | #2 


way excessive. 


he curved tube forming tho shaft bearing is securely | +45, 


fixed inside a double-walled copper clamber, which pro- 
jects below the bottom of the boat, and serves the triple 
purpose of a —— to the shaft, a fixed centre-board or 
false keel, and last, but not least, a surface cendenser 
The keel formed by the condenser being at the centre of 
the length of the vessel, forms a kind of pivot on which 
the boat may be turned. The exhaust steam from the 

and 


water, and its power of suddenly starting or stop- 
the boat is thus greatly increased. By reversing 
the engine the boat can be stopped in three-quarters of 


, like the screw, is placed in an unusual 
position, it below the bottom of the boat, but close 
to the stern, as shown in Fig.1. The rudder is partly 
balanced, and it is so mounted that it is free to turn in 
any direction, either forward or backward. The steer- 
ing wheel is situated below a small conning tower, as 
shown, and the motion is communicated from it to the 
rudder head by means of a chain and rag wheel. When 
the boat is ahead, the preponderating side of the 
rudder is to the stern as usual; but when going 
astern the rudder is allowed to swing completely round, 
so as to bring the preponderating part towards the bow. 
Under these circumstances the steering when going 
astern is as easy as when going ahead. The boat, when 
going either backwards or forwards, can be turned in a 
circle, the diameter of which is about three times her 
own length, or about 180 ft. 

The weight of the boat with fixtures is 6 tons, or with 
torpedoes and stores, 8 tons. The strength required for 
hoisting is given by the steel skin and the steel super- 
structure, while when running at full speed the boat is 
remarkably free from vibration, owing partly to the 
screw running in solid water, and partly to the curved 
form of the superstracture, which gives great stiffness to 
the ends of the vessel. 

The improvements made in steam launches during the 
past few years, have been almost always developments in 
the same’ direction, whereas the Herreshoff boat we 
have been describing is an improvement from a new de- 
parture,. and the success which has attended its per- 
formances is therefore a matter of special interest. On 
Monday the 20th inst., the boat we have been describing 
was examined by the First Lord of the Admiralty, who 
was accompanied by Admirals Hood, Wellesley, and Sir 
Houston Stewart, and Mr. Barnaby, the Chief Con- 
structor, who witnessed some experiments made with it 
at the Royal Victualling Yard. On this occasion the 
boat was hoisted by a crane with all stores and the crew 
on board, and without showing signs of springing, and it 
was then luwered into the river, and steam got up to 
blow off at the safety valves in five minutes after light- 
ing the fire. The great handiness of the boat, and her 
powers of rapid stopping, starting, and turning, were 
then shown, and Mr. Herreshoff was complimentei on 
the highly successful results by the Admiralty authori- 
ties. Altogether the Herreshoff torpedo launch pro- 
mises, from its powers of manwuvring and the great 
rapidity with which it can be got ready for use, to form 
an im + addition to our naval resources, while its 
numerous special features give it particular interest from 
a mechanical point of view. 





NOTES FROM THE NORTH. 
Lascow, Wednesday. 
im dall ast “Thursday, with prioss declining, the closing 
, With prices , the c 
qoahalien being 2d. per ton ania that of the previous day. 
in the morning at 42s. 8d. down 
9d. down to 42s. 8d. one month, 





been | is just commencing 





have been so quiet that no 
= a nd for ch 
able quan iron was i 
warrant stores toll weak, Go alede 
and Co. up till Friday evening perenating 
thus showing an increase for the week 889 tons. The 
total number of blast in actual operation is still 
89, as against 87 in the same week of last year; the altera- 
tions during the week were—three blown in again at Dal- 
melli m Works, and two damped out at Coltness 
and one at Carron. Last week’s shipments of pig iron 
from all Scotch ports amounted to 6331 tons, as compared 
with 6176 tons in the corresponding week of last year. 
The Water Works of Dundee.—At a meeting of the 
iw Scottish Society of Arts, held on Monday night, Dr. 
R. M. Ferguson in the chair, Mr. Alexander , C.E., 
see aS gave an “‘ Account of the Water 
Works of Dundee.”’ An interesting di 


tible improvement has 


Sa oa 
in 

with Messrs. onal 

ing to 205,501 tons, 


discussion took place. 
Wages in the Engineering and Shipbuilding Trades.— 
Messrs. John Hastie and Co., Kilblain Engine Works, 


Greenock, have intimated to their workmen that a reduc- 
tion equal to 5 cent. will be made on the rate of wages. 
The Greenock os ~~~ who tpn fully a o—_ 
against a proposed reduction of wages amounting 
ge cent., bine agreed to a modified reduction of 5 per 
ek ag Ay Ay ey 
a i the ineers’ an ip- 
builders’ Association was held, Mr. David Kinghorn pre- 
siding. The business was private, but it is stated that a 
report by a deputation to London to confer with the 
lish employers on the question of the extension of the 
working hours was submitted and considered. The report 
refe generally to the p' extension of time, and 
the meeting, after consideration of it, that in the 
meantime nothing definite should be done in that direction. 
Particular attention was drawn to the fact that for some 
time past pickets had been going through the four yards 
on the Clyde, in which the rivetters struck, with the 
view of inducing the apprentices and non-union rivetters 
to come out for a s weekly sum of aliment, in order 
that the masters might have to put union men in their 
laces. The apprentices and men, however, were still 
ing the work roughly, and so far as the masters were 
concerned, they were independent of all union rivetters, 
and the strike was therefore virtually at an end. On Satur- 
day last the whole workmen employed at Kinghorn Ship- 
building Yard, Kirkcaldy, submitted to a reduction of 
wages amounting to 5 per cent., nothwithstanding the fact 
that there is now more work in d than there has been 
for a number of years. A reduction of 10 per cent. was 
recently announced to the moulders in Dumfermline. The 
men went on strike rather than submit to such a heavy 
, but they have since returned to their work at a re- 
duction of 7} per cent. 

Serious Fires.—Early on Saturday morning the cooper- 
age and joiners’ shops in connexion with the sugar refinery 

Messrs. John Walker and Co., Greenock, were completely 
burned to the ground. The loss is said to amount to about 
40001. About mid-day on the same day Messrs. John 
Elder and Co.’s new wharf in connexion with their new 
wet dock at Fairfield was almost completely destroyed. It 
was erected at a cost of about 10,0001. 

The Greenock Sugar Refineries.—It is satisfactory to be 
able to announce that the Clyde Sugar Refining Company, 
whose works were suspended about nine or ten weeks since, 
have again resumed active operations. This will give em- 
ployment to over 200 workmen in the different branches 
connected with sugar refining. 


NOTES FROM THE SOUTH-WEST. 
Blaenavon.—A fortnight since Mr. Martin, the 
of the Blaenavon works and collieries, called several of the 
the works, and rt vy & colliers, 
mence 0! 
:to carry on the works and 





. He req 
facts before their fellow-workmen 
answer on the following Saturday. The 
Cason Seiten bo sabe 

, desiring ) 
the wy m that 
been properly put ore them, 
requested a second meeting to be led, and this 
was held on Saturday. Nearly 1000 men were present. 
A chairman was appointed, and the whole matter was 
thoroughly Needles The men were told that they had 
conceded a reduction of 5 per cent. in 1872, which had 
never been restored. In 1877 they had conceded another 
5 per cent., and that they would never see restored, be- 
oe er tee serie ele 
up. ight, however, expect that i 
Re up ¢ e 10 per cent., the collieries would be closed. 
men present protested strongly against another reduc- 
tion, and gave as their final answer . Martin their 
refusal to accept any reduction in the existing rate of wages- 
The result of this step will be, it is stated, preparations to 
close the works and collieries. 
be emt Engines for the Rhondda.—Messrs, John 
Fowler and Co., of Leeds, have just started the largest ow 
of winding engines ever put down in South Wales. The 
conical drams are more than 30 ft. in diameter. This firm 
the erection of some vertical engines 


t 


for the new colliery at Quaker’s Yard, which will be the 
1 ¢ windi ioe ie 


England, if not in the world. 
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We beg to announce that we have appointed Mr. Lenox 
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United States will in future be payable to him. Mr, Lenox 
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NOTICES OF MEETINGS. 

INSTITUTION OF CrviL ENGINEERS,— , February 4th, at 
8 pm. “The Gesteng Water Supply, by Me. Edward Dobson, 
Assoc. Inst. O.E, and “The Sandhurst Water Supply,” by Mr. 
Joseph Brady, M. Inst. O.E. 

INSTITUTION OF SURVEYORS.—Monday evening, February 3rd, 
adjourned discussion on Mr. Hedley’s two papers will be resumed; 
and should time 7, ®@ paper will be read on “Contributive 
by ~ Mr. J. Castle, Sen. The chair to be taken: at 

o'clock. 

Roya. UnITsp Ssrvicz INsTITUTION.—Monday, February 3rd, at 
bg) my “On Personal puvigenent of Officers on Active Service,” 
by Major T. Fraser, B.E, day, February 7th, at 3 p.m, “On 
Cyprus,” by Mr. W. Hepworth Dixon. 
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SANITARY SUMMARY FOR 1878. 

_ THE past year certainly stands out prominently 
in comparison with perhaps any other of the present 
century. Politically, socially, financially, and in 
a commercial point of view, events of a most 
disastrous character have occurred. There have 
been literally wars, rumours of wars, plagues, 

stilence, and famine in each quarter of the globe. 

eteorologically floods, droughts, and even earth- 
quakes have been characteristic. In fact, 1878 may 
be ranked among the anni mirabiles. 

Most of the conditions to which we have above 
referred may appear to be beyond our province to 
deal with. But a little reflection will remove that 
error. Man, physiologically speaking, is fitted for 
an even tenour of life. If that be disturbed, the 
human system and the race also is placed in an ab- 
normal condition, and — whether 
prosperity or adversity prevail, the general health 
must suffer. The great depression of trade, financial 
failures, the strikes of workmen, and other such 
causes that occurred last year, and unfortunately 
continue during the present one, not only have 
affected the present generation, but may be per- 
petuated. Hence it is apparent that the object of 
sanitary science is not confined to the narrow circles 


of questions of water, drainage, and the like, but is 
of a much wider character and embraces, in fact, an 





With these Lage yore A remarks e enter i a 
eral summary of sanitary matters during 1878. 
ommencing with London, the results are far from 
satisfactory. The last weekly return of the 
Registrar-General for the year shows that the birth- 
rate was equal to 36.2 per 1000, against 36.1 in 
1877. The rate of mortality was equal to 23.5 per 
1000, and exceeded the rates of 1876 and 1877, which 
did not exceed 22.3 and 21.9 respectively. The rate 
for 1878 exceeded the average rate by nearly ] per 
cent, the ave of the preceding seven years. 
About 18 per cent. of the deaths in 1878 were caused 
by seven principal zymotic diseases which are known 
to be preventible. Of these diseases 4446 deaths 
were due to whooping-cough, 3561 to diarrhea, 
1792 to scarlet fever, 1510 to measles, 1416 to small- 
pox, 1361 to fever, and 553 to diphtheria. The rate 
of death from these diseases was greater than in any 
year since 1871. Surely this shows a sad falling 
off in sani arrangements in the metropolis. 
Meteorology has something to do with the ques- 
tion. The high temperature which occurred during 
the latter Vertes une and in July increased the 
fatality of diarrhoaa to a higher rate than that of 
any year since 1873. It will be remembered that 
during this period the metropolis was visited with 
heavy storms, singularly enough on each succeeding 
Sunday, the worst occurring on June 23rd, when in 
some districts about 3in. of rain fell, in two or 
three hours ‘driving the sewage into the houses in 
most of London. Owing to whooping-cough 
and diarrhoea, infant mortality largely increased 
during the year in the metropolis. 
It is evident from the above facts that the 
sanitary condition of London shows little sign of 
rogress, despite what has been done in improved 
e, &c. Medical inspection is evidently more 
effectively carried out, but both engineers and 
chemists may occasionally be utterly baffled by 
some unexpected incident, one of which we drew 
attention to, but which may here be more particu- 
larly dealt with. a in 1878 a curious and 
alarming outbreak of diphtheria took place ina dis- 


de- | trict extending between Muswell Hill, near to the 


Alexandra Palace, and reaching as far as St. John’s 
Wood. From the report of the medical officer 
of the Hornsey district, and after a visit to the 
neighbourhood described by a letter of the vicar, 
residing near Fortis Green, whose family had been 
attacked, it was evident that bad i was at 
least partly the cause, But the report of Dr. Power, 
of the Local Government Bo has put a new 
complexion on the subject. It has been just issued 
and seems conclusively to show that a large propor- 
tion of the attacks of diphtheria were due to the 
ly of contaminated from the dairy farms, 
as, although perhaps an exceptional case, at 
least teaches a most valuable lesson, and confirms 
what we have already urged—the necessity of taking 
a broad view of sanitary questions, With respect 
to the metropolis generally there is no doubt that 
the defective state of sanitary matters is largely due 
to the neglect of the local authorities. Anxious to 
shift their responsibility on either the Metropolitan 
Board or the Government Board, they take no 
pains, in many cases, to assume the care of local 
sanitary duties. Birmingham, Leeds, and many 
other provincial towns might serve as an example. 
In one instance which came under our own observa- 
tion, although the well-to-do shopkeepers in the 
north of London had suffered to the extent of many 
thousand pounds, the majority of their cellars, 
basements, and the lower rooms of their shops and 
houses having been filled with sewage and flood, 
during the heavy storm in June y alluded to, 
it was with difficulty that sufficient money was 
collected to pay for the use, for two hours, of a 
small hall wherein to discuss their loss and originate 
a plan to prevent further injury to their aoala cal 


remises. 

* We next briefly turn to provincial towns. To 
some of the most important of these we hope shortly 
to devote individual attention. So far as a con- 
siderable portion of the West Riding of Yorkshire 
is concerned, we refer our readers to two articles on 
“ Provincial Sanitation,” that have ap in the 
present volume, where details of filth, fever, and 
abominations of all kinds will be found as lately 
laid bare by the Government inspector. In Glas- 
gow, Birmingham, Leeds, and some other large 
towns, strenuous efforts are being made to improve 





the d drainage, &c, On the other d, 
recent reports from Dublin state that from various 





specimen of one small district of Dublin presented, 
on recent examination, a e as to whether pigs 
in human or quadru form most prevailed in 
numbers ; the filth of the two judbinsd making the 
whole place a den of disease and death. 

We next turn to the remedies that have not only 
been but which in the form of Acts of 
Parliament give the authorities power to remedy all 
the sanitary evils that exist. 

By Mr. Cross’s Artisans’ Dwellings Act, local 
authorities, which formerly would have required a 
special Act of Parliament, have now an easy and 
comparatively cheap means of improving the houses 
of the working classes. But how little has the Act 
been put in force. If we take the metropolis, 
sufficient will be seen to show how comparatively 
little , wa has been effected. Much certainly has 
been done by joint-stock private enterprise, and in 
some instances a return of five per cent. has been 
earned. But what have the local authorities done ? 
Look at the dens of Drury-lane, Whitecross, the 
Borough, &c. In this, as in many other cases, the 

ie ona authorities have gone far ahead of 
ndon. 

As regards improved water supply we are glad to 
see that much progress has vet My Towards the 
close of our last volume, we summarised the private 
Bills that are to come before Parliament, especially 
in regard to this question, but they are chiefly for 
corporate towns. It should be borne in mind by 
urban authorities as well as the suburban, that the 
Local Government Board has full — to improve 
the water supply of all places; but Mr. Brown’s 
Act which passed last session, gives ial powers 
for small and particularly rural districts that as yet 
have been greatly neglected. It is very desirable 
that local authorities should make themselves 
well acquainted with the Act, as it confers facilities 
for improving the water supply that should be 
eagerly sought after. 

t May a congress was held by the Society of 
Arts, London, at the instance of the Prince of 
Wales, to consider how far the great national 
resources of the kingdom might, by some large and 
comprehensive scheme of a national character, 
adapted to the varying specialities and wants of 
districts, be turned to account for the benefit, not 
merely of a few ty 24 centres of population, but for 
the advantage of the general body of the nation. 
An account of this meeting was given in our last 
volume but one. Its objects were excellent, and 
the report, which may be obtained from the Society, 
is well worthy of perusal. It contains admirable 
suggestions, but as a commentary thereon we 
may incidentally remark that the attempts of 
the ——— Board of Works of London, and 
of the chester Corporation to obtain im- 
proved supply of water, were both practically 
thrown out during last session. If rich corporations 
like these fail, what may their poorer neighbours 
t to realise ea 
erring to question of sewerage and drain- 
age. In this ct much was done last year, both 
in the construction of new and the improvement 
of. old sewers and drains. But here again we are 
met with a sarcasm on human efforts. ‘Throughout 
the year, the most perfect drainage system of the 
world—that of the metropolis—was faulty. Near] 
every part of London was constantly in flood. 
the es showed mercy to its riparian gore 
those of the inland parts of London from Highgate 
to Lewisham, and from Deptford to West London, 
were under water periodically. In fact, in one 
district the inhabitants became so tamed and re- 
signed to their fate, that they actually asked the 
favour of being taxed for the construction of 
new sewers so that they might have some hope of 
occasi y ex | the kitchens and basements 
of their houses, The fact is simply this, in London 
and most of our towns the main sewers have been 
constructed on too small a scale, and an immense 
amount of money must be expended before the 
t evils of defective sewerage and recurring 
oods can be remedied. In respect to sewage treat- 
ment, the purification of rivers, and the prevention 
of their ution, the least said the better. The 
Rivers Pollution Act, as we foresaw when it was 
has become practically a dead letter. The 
treatment of sewage, even in prospect, has dwindled 
from mighty schemes to petty details. The Thames 
and all our large streams ‘are annually becoming more 
polluted. The state of the Thames we fully dis- 
cussed in several articles in our last volume, where 
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will also be found details of two trips taken down 
that river at the instance of the Metropolitan Board, 
in the vain hope of deciding who was to be blamed 
for its pollution. } : ’ 

An important sanitary question was investigated 
by a Royal Commission last year—that of the 
emission of noxious vapours from factories, &c. An 
article on the subject will be found in the present 
volume, to which we refer our readers for full 
details. 


We have thus endeavoured to bring before our 
readers a general view of our sanitary condition 
during 1878. The result is only partly enco 
Much, comparatively Te may have been done, 
but little in reality. Until habits of personal and 
social cleanliness become common among us, Acts 
of Parliament will be of little value. ws can 
neither make men sober nor clean, but example and 
precept may do much. It seems to us, therefore, 
that our future sanitary condition may best be im- 
proved by local authorities putting Acts into force, 
and if they will not do it, let the Local Government 
Board compel them. Lastly, if the benevolent, social, 
and intelligent element so prevalent in this country 
be brought, by personal influence, to operate on our 
lower classes, by lectures, visits to their houses, the 
establishment of baths and washhouses, &c., moral 
force may second, if it does not originate, a sanitary 
improvement in us as a nation. Persuasion is better 
than force in sanitary matters, 





WELDED BOILER PLATE JOINTS. 

ALTHOUGH it may be ganas whether the 
number of welded Boiler plate joints bears to the 
total number of joints made rivetted and welded a 

ter proportion at the present day than it did 
ormerly, there can be no doubt that the practice of 
welding plate joints is steadily increasing, and there 
are certainly a greater number of shells, especially 
of small diameter, turned out now with the longi- 
tudinal joints welded than was the case a few years 

0. e reasons for this are various. In some 
works where the plant laid down for welding small 
tubes cannot be kept fully employed, it has in con- 

uence been adapted to tubes of larger diameter, 
and it is only a step from tubes of large diameter to 
shells of small diameter. In other works where no 
special {plant has been laid down for welding the 
joints of plates in a cylindrical form, occupation for 
the smiths employed in welding furnace tubes has 
been found in adopting welding for the shell joints 
of the small boilers. some such cases it is con- 
sidered cheaper to weld than to rivet the joints, 
although this is by no means the rule. The reasons 
here given are entirely of a commercial character, 
into which no consideration of the comparative 
efficiency of welded and rivetted joints for boiler 
shells has entered. 

There are, however, some cases in which welding 
has been adopted for boiler plates in order to obviate 
some of the theoretical and practical defects inherent 
in rivetted work. As it is highly important that 
the truly cylindrical form should maintained in 
the furnace tubes of ey fired boilers, 
some years ago the best makers adopted butt joints 


for the longitudinal seams of their furnace tubes, | p 


As it was quite as important to keep the longi- 
tudinal seams out of the fire, the crown plates were 
made large enough to keep the joints beneath the 
firebars. As the joints here were liable to leak and 
were very difficult to at to caulk, and as the 
rivet heads were found to interfere with the raki 
out of the ashes when near the bottom, an 
were consequently liable to get knocked off, the 
butt-joint has been abandoned by the best makers, 
and the welded joint been adopted in its place, 
Previous to this, however, welding had been adopted 
as a necessary step by one or two makers who made 
@ specialty of flanging their furnace tubes. Ex- 
perience has proved that for furnace tubes a good 
welded joint is not more objectionable than a good 
rivetted joint in most cases where the feed-water is 
not of such a character, either naturally or 
artificially, as to destroy the welded portions by 
pitting. When the furnace tubes have to be 
removed for repairs, the flanged and welded tube 
necessitates the removal of the end plate, and has 
often been a source of At the 


great expense. 

t time it is becoming the fashion to have the 
urnaces welded to the back tube plate in marine 
boilers in order to do away with the rivetted ring | type 
seams at this part, which often give trouble by 
fracturing, wasting, leaking, and consequent cor- 
rosion. 





ing. | P 


Over twelve years ago the late Mr. Kirtley made 
the locomotive boilers for the Midland Railway 
with the longitudinal seams welded, This was done 
with a view to remove the difficulty and danger 
found in the plates grooving at the of the laps 
and at the smokebox angle iron, this grooving being 
produced by the working of the iron at this part 
under the varying pressures of steam, in consequence 
of the bad form of the lap joint, the presence of 
certain kinds of feed-water. The cure in this case 
proved to be worse than the evil, for with some of 
the feed-waters used the welded portions of the 

lates became rapidly pitted, the pitting being quite 
as objectionable as the grooving. Had the welded 
portion been kept in all cases above the water line, 
the pitting would have been prevented in the same 
way as the grooving might have been in the first 
instance by arranging the rivetted joints in the steam 
— It is, however, highly probable that Mr. 
irtley’s object in introducing welded instead of 
rivetted longitudinal joints was for the purpose of 
replacing the smokebox angle irons with a stout 
flange, a change desirable in his locomotives, which 
dragged from the firebox, so thatin his case, as in 
the furnace tubes for stationary boilers, flanging led 
to welding. 1t may be mentioned that Mr. Kirtley 
always took the precaution of shrinking a stout belt 
on his welded rings in the centre of each length. 

The advantages claimed for welding cylindrical 
shell joints by its advocates are : 

1. That the circular shape of the cylinder can be 
maintained, and the defects inherent in the form 
of the rivetted lap joint can be avoided. 

2. That the welding avoids all such distress of the 
plates as punching and rough rivetting involve. 

This cannot, however, apply where the plates are 
illed in the way they ought to be.) 

3. That the welded joint prevents all chance of 
leaking, and consequent external corrosion, which 
is undoubtedly the most common cause of the de- 
struction of boilers. 

4, That a sound welded joint is stronger than any 
rivetted joint that can be made, since, in testing, 
many strips cut from welded plates have broken in 
the solid, and not in the weld, a performance that 
even a triple-rivetted joint with double butt strips 
cannot be expected to —. 

In examining these alleged advantages, the first 
may be conceded for cylindrical flues which are 
subject to external pressure, and where the nature 
of the feed water does not preclude the use of weld- 
ing. In shells, however, where the feed-water used 
assists in grooving, which is induced by the form of 
the lap, the reduction of strength by pitting may be 
as rapid as it is by ving. 

As to the second advantage claimed, it applies 
most strongly to inferior plates of such a nature 
that they stand punching badly, but weld well, and 
do not waste in the fire. But for many other plates 
of indifferent quality, and which lack sufficient body 
to stand heating, welding may do as much harm as 
the processes of punching and rivetting, and when 
we come to the best plates, many of which do not 
weld so well as some of inferior quality, they are 
often rendered brittle by being overheated and re- 
duced to little, if any, better plates of half the 
rice. Many smiths have a careless way of leaving 
their plates for flanging and welding, &c., in the fire 
during meal-times with the blast turned off, Unless 
the portion of the plate so heated has a lot of work 
done on it afterwards, it will certainly be impaired 
by the heating in so far as its ductility and tough- 
ness will be reduced, two of the qualities for which 
the high price has been paid, and which the makers 
of the Best Yorkshire plates take such pains to 
insure by heating the plates as little as possible after 
the hammering process. 

With res to the third advantage, its validity 
will depend upon the extent to which the prin- 
ciple is carried out. If boilers leaked only in the 
longitudinal seams, and these were welded, then 
all external corrosion due to leaking would be 
mag tor es But boilers are damaged and destroyed 

y leakage at the ring seams, at the end attachments, 
at the stays, and at the mounting attachments, and 
until these are all welded we can scarcely expect to 
do away with leakage and co: uent corrosion. 
In many boilers it is just the longitudinal seams that 
give least trouble by leaking, and those are the joints 
that are usually welded. Supposing we were to 
weld the ring seams at the bottom of the prevailing 
of marine boilers, with a view to prevent the 
leakage and consequent corrosion from which some 
of these boilers still suffer in consequence of either 





bad design or bad management, we should only re- 








move the evil from the middle seams to the end 
seams. posing these were welded also, we 
should then either remove the complaint from the 
shell to the furnaces, combustion chamber, or stays, 
or else break the shell through the weld or solid 
_ In fact, it is better pes, attention gently 

wn to defective design and workmanship, or bad 
treatment and management, by a leaky rivetted 
seam which acts as a tell-tale and relieving medium, 
than have a sharp reminder by the plate cracking 
through the solid. 

As to the fourth argument, it might, in most cases, 
be dismissed by saying that no increased strength is 
wanted at the seams till these are the weakest part 
of the boiler, which they certainly are not in many 
welded boilers, where the section through the 
dome and mountings is much weaker, not to speak 
of the dome attachment itself. But leaving this 
consideration out of the question, we shall find 
that the argument turns upon the word “ sound.” 
No doubt if sound welding could be insured to the 
same extent as sound rivetting, then the advantage 
claimed for welding would be a valid one, but there 
is reason to believe that the soundness cannot be 
relied upon even in those works which have every 
advantage in the shape of proper appliances and 
skilled labour. 

The manner in which the weld is made, that is 
with —— to the way in which the edges of the 
plate to be welded are shaped, prepared, and heated ; 
the manner in which they are veld in position, the 
manner in which the welding pressure is applied, 
the length of weld completed at one heating, the 
number of heatings the plates undergo, the length 
of the joint, and the duration of the operation, are 
all important elements in the process of welding. 

There are nearly a dozen ways of making the 
welded joint: When thin, the plates may be simply 
lap-welded, the edge of one plate being bent in and 
that of the other outwards, in order to keep the 
centre line of the plates through the middle of the 
lap. Unless the edge of the laps are thinned down 
this makes a bad finish, buta sound job can be made 
with it when the ty aps are properly heated. When 
a plate is welded in short lengths and successive 
heats, the use of the lap form by closing the inside 
of the edges to be welded, prevents the fire getting 
where it is most wanted, and the lap is more likely 
to be sound where the joint is welded at one or two 
heats with the aid of machinery, The edges 
of the plates of various thickness may be upset 
and bevelled to an angle of about 45 deg.; the 
object of the upsetting being to insure the plate 
being at least the full thickness at the weld when 
finished. A common practice in welding small 
cylinders, and not exceeding ¥% in. thick, is to bend 
both edges outwards on an angle iron or similar 
shaped block, or over around bar, by which they 
are prepared for what is called a ‘‘ bent scarf,” this 
also allows the heated portion to bear a considerable 
amount of hammering down without the plates being 
reduced in thickness at the weld, and it allows the fire 
to get all round the edges to be welded. A good plan 
with thick plates is to bevel the edges, so that when 
they are brought together they form a recess for a 
“glut” to be welded in. This glut may be of 
various forms, but a tapered piece or a square bar 
with the angle down is mostly used. Another plan 
is to taper down one edge so as to form a tongue to 
fit into the other edge which is split to receive it. 
This form is not favourable for the escape of the 
scale, and the difference in thickness of the edges in 
the fire is not favourable for the iron being properly 
and uniformly heated. Itis more applicable to bars 
or plates of very short length only. In small tubes 
where pressure by machinery can be applied, the 
weld can be made with a butt joint. 

A finish is no indication of the soundness of 
the weld. Indifferent workmen, for the sake of 
ap ce, often warm up the joint when completed, 
and go over it with a flat set. This often does harm, 
and a rough-looking job is to be preferred to one 
finished in this manner. Each of the above 
methods has its advocates, the preference given 
to one kind over another depending in { measure 
upon the practice prevailing in the ict where 
the smith has been brought up and the appliances at 
command. The different ways smiths in different 

of the country have of making up their fires, 

jue in great measure to the difference in the nature 
of the coal and coke available, will incline them to 
one kind of weld rather than to another. Where 
a heating apparatus is used a smith will 
er the kind of joint which offers the greatest 
facilities for getting both sides of the plate heated 
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with the kind of fire he is most used to. He will be 
guided by considerations of getting a sound weld in 
the part operated upon at each successive heat rather 
than any theoretical consideration of the effect of 
the successive heatings upon the portions already 
completed, and of the effect of the resistance of the 
cooler-finished part to the contraction of the more 
highly heated length just completed. Yet there can 
be no doubt that one point, and that of vital im- 
portance, is often overlooked, viz., the strain thrown 
upon the already welded portion, after it has been 

owed to become cold, by heating the portion con- 
tiguous to it for completing the job. A case was 
some time since reported to the writer, where in 
welding a six-foot length of furnace-tube, one half 
had been finished late in the day and allowed to get 
cold overnight. The result was that on completin 
the weld next day, the first day’s work was found 
cracked through. 

The manner in which the edges of the plates are 
prepared and brought together for welding, as well 
as the way in which the completed portion is re- 
heated on heating the adjacent length for welding, 
must exercise a material influence on the soundness 
and strength of the completed welded work. 

Some time ago, Mr. Gillott, of Farnley, who has 
had great experience in smithing boiler plates, had 
reason to suspect that in welding boiler tubes in 
successive heats and in short lengths after the ordi- 
nary manner, there is a straining action upon the 
length already welded, owing to the expansion 
under heat of the adjacent length being welded, 
and we are indebted to Mr. Gillott for the following 
results of some experiments he made. 

In order to ascertain the correctness of his views, 
he took a welded and flanged tube 2 ft. 8 in. in 
diameter, 3 ft. long, of y, in. best Yorkshire plate 
welded by hand hammers, and in every respect a 
fair average job. The plate was prepared for weld- 
ing with a “‘ bent scarf,” which has been already de- 
scribed, so that the finished work was generally some- 
what thicker, or at any rate not less than the solid 
plate. The welding was commenced at the middle 
of the plate and worked towards each end. The 
tube was put in a lathe, and a length of about 5 in. 
was cut off one end. Six rings were then cut off 
about 2 in. wide and numbered consecutively 1 to 6, 
counting from the edge where the 5 in. length was 
cut off, so that the piece marked 6 would be about 
the original middle of the plate. Strips 2 ft. 6 in. 
long, having the weld approximately in the centre, 
were cut from each ring and similar strips of the 
solid plate also. The strips were then all heated 
and carefully straightened. 

A centre punch mark was made as nearly as could 
be arrived at in the middle of the weld in each strip, 
and three lengths of 3 in. on each side were marked 
off in a similar manner, so that the central portion 
of the strip was marked off into six divisions. 
The strips were then tested by being pulled 
asunder, with the results given in the annexed 
Table. 

It will be observed that not only the strength but 
the ductility of the weld diminished ger aenig | 
from the end to the middle portion of the plate or 
from the part last welded to that which was first 
welded. ‘The fractures of the specimens W,, Wo, 
Ws, and Wg, took place in the third division, and 
that of specimens W, and W, in the fourth division 
of the length. 

These results show that even with a “‘ bent scarf,” 
which is perhaps the most favourable shape after the 
lap for avoiding any distressing action on the length 
of plate last welded, the welded joint suffers con- 
siderably by the successive reheatings, It is pro- 
bable that a butt joint would give even worse re- 
sults, 

In a furnace tube where the pressure tends to 
assist in keeping the weld together, the limited 
tensile strength due to the unsoundness of the weld 
may be outweighed by other advantages, as for 
flanging, &c., which the welding gives, but for the 
longitudinal seams of boiler shells, the uncertainty 
of making a sound and strong weld when the job is 
done in lengths renders it difficult to conclude other- 
wise than that such welding is not so good as 
rivetting, notwithstanding the liability of the latter 
to leak, This conclusion does not apply to joints 
where the weld is completed at one heat by pressure 
either with rolls or otherwise. The importance of 
further experiments on different kinds of weldin 
with various qualities and thicknesses of plate, an 
with different qualities and thicknesses welded to- 
gether, which is commonly done by good houses, 
need not be dwelt upon. 
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By those who prefer welding to rivetting the 
following objects should be aimed at: To adopt 
the form of joint that allows the fire to get well at 
the edges of the plate both at the beginning and 
throughout the job; to get all the pieces, that make 
the joint, at the same heat; to avoid using a form 
of joint the heating of which strains the length 
already welded ; to avoid welding together plates of 
widely different qualities; to weld in as long 
lengths and in as few heats as possible—this may be 
facilitated by the use of gas, steam hammers, and 
suitable welding blocks ; to keep hot the length last 
welded ; not to allow the job when once begun to 
be put down for meals, &c., till completed ; when 
this cannot be done, asin the case of exceptional 
aay 2 the whole welded portion should be warmed 
up before the length about to be welded is put into 
the fire; and above all to have the parts to be 
welded of such a shape and brought together in 
such a manner that the first and subsequent blows 
at each step of the operation can force out the 
siliceous oxide, for unless this is removed from 
between parts to be joined there can be no metallic 
contact, and consequently no sound weld. 





PHYSICAL SCIENCE AT THE PARIS 
EXHIBITION.—No. VIII. 
METEOROLOGICAL INSTRUMENTS.—IV. 

TuE British makers of meteorological instruments 
appear to have been represented at the Paris Ex- 
hibition by but two or three exhibits; but the very 
small number of representatives did not prevent this 
country from holding its own, for the high quality 
of the objects contributed by those who entered the 
lists with foreign competitors amply compensated 
for the smallness of the show. 

The finest collection from this country was un- 
doubtedly that exhibited by Messrs. Negretti and 
Zambra, who had in the main building at the 
Champ de Mars a large case filled with standard 
and other meteorological instruments of high-class 
finish, as well as an excellent assortment of survey- 
ing, nautical, and other philosophical instruments. 

‘The most important instrument in this exhibit, and 
which was undoubtedly the finest barometer in the 
Paris Exhibition, was a large standard mercurial 
barometer, the mercury column of which was no 
less than an inch in diameter. The cistern of this 
magnificent instrument is of cast iron, nearly 
cubical in form, and the two sides as well as the 
front are furnished with circular apertures, which 
are closed by discs of plate-glass, through which 
the level of the mercury may be observed. 
The advantage of this construction is that the 
cistern is not nearly so liable to injury as is the 
ordinary glass cylinder, and if, by any chance, one 
of the circular plates be broken (which is very un- 
likely to occur), it can instantly be replaced, and 
without emptying the instrument of its contents. 
The level of the mercury in the reservoir is adjusted 
to zero by a fine adjustment consisting of a lever 
and screw, and the attached thermometer is fur- 
nished with a bulb, the diameter of which is the 
same as that of the mercurial column, so as to be 
subjected to precisely similar thermometric con- 
ditions. The whole instrument is mounted in the 
most superb manner with massive brass and steel 
fittings, and it is but fair to say that there was no 
barometer exhibited in the Paris Exhibition which 
could be compared with this beautiful instrument. 
Messrs. Negretti and Zambra exhibited also a fine 


and other barometers, all of which were charac- 
terised by the high-class workmanship and finish 
which have justly placed their name foremost among 
British manufacturers. 

In the same case were several beautifully con- 
structed standard dry and wet bulb thermometers, 
one of which, mounted on a brass stand, is especially 
deserving of mention on account of its design and 
finish, and also a large number of maximum and 
minimum registering thermometers as well as 
standard thermometers for observatory use, (ne 
of these instruments was furnished with what is 
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Fia. 1. 


Fia. 2. 
known as the “gridiron bulb,” by which its sen- 
sitiveness is greatly increased, In this arrange- 
ment the spherical or cylindrical ‘‘ bulb” is replaced 
by a delicate fine tube convoluted and bent back- 
wards and forwards so as to form a miniature grid- 
iron, By this means the mass of mercury, whose 
expansion and contraction indicates the tempera- 








collection of mercurial standard marine, mountain, 


ture, has given to it a maximum of heating and cool- . 
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turned over, but beyond being an ingenious ex- 
tension of the same principle to other purposes, we 
think it can have but small value as compared to 
other and far better methods of registering the 
variations of temperature at different hours. 

Messrs. Negretti and Zambra contributed also a 
well-constructed portable apparatus for ascertaining 
the temperature at which water will boil under 
different atmospheric pressures, and by which 
heights of mountains may by a simple process be 
calculated with great accuracy ; also specimens of 
solar radiation thermometers, earth thermometers, 
and dew-point hygrometers, including a fine Reg- 
nault’s instrument, in which the deposit of dew is 
observed on the bright surface of a silver cup, the 
lowering of the temperature of which is produced 
by the evaporation of sulphuric ether accelerated by 
passing through it bubbles of air drawn in by an 
aspirator, or by the breath, and a Daniell’s hygro- 
meter, in which instrument the dew is deposited on 
a black glass bulb, the temperature of which is re- 
duced also by the evaporation of ether, but upon a 
different principle to the last. 

In addition to the above, Messrs. Negretti and 
Zambra exhibited a registering aneroid barograph 
which recorded upon a paper cylinder driven by a 
clock the variations of barometric F rescmet every 
quarter of an hour, and also a very elaborate regis- 
tering anemometer for recording the variations both 
of the speed and of the direction of the wind. In the 
same case was also exhibited a collection of nautical 
and land-surveying instruments of excellent design 
and finish, but which are not within the scope of 
the present notice. 
essrs, Cetti and Son, of London, exhibited a 
superb collection of delicate and very elaborate glass- 
work for meteorological instruments, among which 
was a beautiful standard gridiron bulb thermometer 
of extreme sensitiveness, the tube being graduated 
on its own stem, as well as fitted with a boxwood 
scale, Also a similarly sensitive instrument, the 
bulb of which was coiled in a fine spiral, presenting 
a large heating and cooling surface to the atmosphere. 
Messrs. Cetti and Son also exhibited a collection of 
standard maximum and minimum registering ther- 
mometers, and wet bulb hygrometers, and a 
large aneroid meter. 

In the United States Section was an example of the 
weather indicator in use in the Signal Service of the 
United States army. ‘This was a large universal in- 
strument made by Mr. Casella, of London, con- 
taining an aneroid barometer, dry and wet bulb 
thermometers, wind disc, sunset disc, and various 
other indicators, the arrangements of which would 
require a drawing to make clear, but as we intend 
to publish a te description of this instrument 
we will defer farther reference to it for the present. 
In the department devoted to the Ministére de 
l’Education, France, there was a fine out-door me- 
teorological stand, identical in principle and similar 
in construction to the well-known thermometer 
stand designed by Mr. Glaisher, F.R.S., and sup- 
— a collection of instruments including the 
ollowing; a standard Fortin’s mercurial baro- 
meter, standard maximum and minimum thermo- 
meters, dry and wet-bulb thermometers, a Piche’s 
evaporometer,* an actinometer and ozonoscope, a 
Saussure’s hygrometer and a rain gauge. All these 
instruments were of high-class workmanship and 
were arranged in an especially convenient manner 
for the taking of observations. 

With this notice we shall conclude our general 
survey of the meteorological instruments which 
were exhibited in the Paris Exhibition, and we shall 
in future articles describe and illustrate some of the 
more important of the instruments to which we 
have referred. 


ing surface, and a thermometer so constructed is 
instantly affected by the most rapid changes of 
temperature. , x 
One of the most interesting instruments in this 
exhibit was the deep-sea recording thermometer, 
which is the invention of Messrs. Negretti and 
Zambra, and by which the temperature of the 
ocean at any required depth is accurately measured 
and recorded, its readings being perfectly unaffected 
both by hydraulic pressure upon the bulb due to 
depth of immersion, and by warmer or colder strata 
of water through which the instrument has to pass 
in reaching the depth at which the temperature of 
the water is to be m The principle of this 
instrument, which is a greatly improved modifica- 
tion of the deep-sea thermometer by the same 
makers, which was illustrated and described in 
these columns in March last,* will be understood 
by reference to Fig. 1, which represents the heat- 
measuring portion of the apparatus. This consists 
of a mercurial thermometer bent into the form of 
a syphon with parallel legs. At a position D within 
the tube and near the bulb is placed a slight ob- 
struction, the object of which is to cause the mer- 
curial column to break and separate at that spot 
when the instrument is inve Under variation 
of temperature the mercury in the left-hand leg of 
the syphon rises and falls as in any other thermo- 
meter, and if, while this is going on, the whole in- 
strument be quickly turned over through one 
revolution upon an axis situated about the middle 
of its length in a direction the reverse of that of 
the hands of a watch, whatever quantity of mer- 
cury may be at the moment above the constriction 
D will fall first into the enlarged bend at E and 
thence into the right-hand tube F, where it is 
measured by an ordinary thermometer scale shown 
in the figure, its reading recording the exact tem- 
perature of the bulb at the moment that the in- 
strument was turned over. Fig. 2 is an illustration 
of the apparatus by which the thermometer is 
lowered into the sea and by which it is turned over 
at the depth at which it is desired to measure the 
temperature of the water. The thermometer T T is 
pivotted in a gun-metal framework, to the upper ring 
of which the dipping line is attached ; the axis of the 
instrument is attached by suitable gearing, part of 
which is shown at W, to the screw-bladed “ pro- 
peller” S. ‘The gearing is so arranged that as the 
apparatus sinks through the water the screw is dis- 
connected from the thermometer, and is free to 
revolve upon its axis, but the moment that the 
motion is reversed, and the apparatus begins to be 
drawn towards the surface of the water, the screw 
rotates in the opposite direction, being thrown at 
the same time into gear with the thermometer, 
which is thereby turned over through a com- 
plete revolution in the direction indicated by the 
arrows, and, coming — a stop S-+, is locked in 
its original position. During this rotation the mer- 
curial column has been transferred from what may 
be called its e sion tube to its indicating or re- 
cording tube, the reading of which is the measure of 
the temperature of the stratum of water at the 
moment the dipping line was begun to be hauled in. 
In order to render the readings of the instrument 
una ffected by the water pressure due to the depth 
of immersion, and also to protect the bulb from 
being crushed from the same cause, the thin bulb A is 
enclo sed or jacketted by a thicker bulb B nearly filled 
with mercury, and the space C C above the mercury 
a jal vacuum, so as to allow the mercury con- 
tained in B to rise and fall under variations of cubic 
capacity caused by alterations of form due to ex- 
ternal pressure. By this simple contrivance varia- 
tions of temperature are quickly transmitted to the 
nner bulb by conduction through the thin jacket of 
mercury, while the influence of variations of pressure 
are completely eliminated from the readings of the 
instrument. At the Paris Exhibition Messrs. 
Negretti and Zambra exhibited two specimens of 
this interesting instrument, as well as an example 
of the simpler form of which this is a modi- 
fication, and to which we have already referred. 
Side by side with these instruments was another 
— of the same thermometer for recording 
the temperature of the air at any given instant of 
time. In this case the turning-over arrangement 
was an ordi clock which could be set, after the 
manner of an , torelease the inverting motion 
at any hour or minute at which it is desired to 
record the temperature. This instrument differs 
from the deep-sea thermometer which we have 
just. described only in the means by which it is 
* See ENGINgERING, vol. xxv., p. 225. 





COAL MINING AT THE PARIS 
EXHIBITION.—No. XII. 
THE Bianzy MInes. 

Tue Coal Mining Company of Blanzy exhibited : 
1. Plans and section of its coal basins; 2, A model 
showing method of working; 3. The Coquillon 
SS. 4. The Levet wedge ; 5. Ventilatin 

oors; 6. A safety cage apparatus; 7. Plans wt 
— of a pumping engine; 8. The Darlington- 

lanzy perforator; 9. A coal-cutting machine; 10, 
An oil-testing machine. The Blanzy Company pro- 
duced in 1877 about 600,000 tons of coal, and it 
manufactured 106,070 tons of briquettes and 
20,120 tons of coke. The number of workmen em- 
ployed was 2741 in the mines and 2007 on the sur- 
* See ENGINEERING, vol. xxvi., p. 409, 








































































face; the steam power was equal to 4200 horses, 
divided among 36 engines, employed for extraction 
of coal and spoil, for pumping, ventilating, and 
working the air compressors. There are ides 
in the surface workshops 16 engines, collectively of 
450 horse power. Finally, 18 engines of a total of 
620 horse power are employed for transport on the 
lines of the company, the system of which has a 
length of 25 miles, and for hauling the boats which 
travel on the Saéne and the Loire. This makes a 
total of 5270 horse power available for the various 
services, for which also 140 horses are employed at 
the bottom of the mine and on the surface. The 
head-quarters of the company]are at Montceau-les- 
Mines, a village of 300 inhabitants in 1834, but de- 
veloped now into the chief town of the canton with 
a population of 12,000. More than half the work- 
men are located in the cités ouvriéres established by 
the company, which has jalso built churches, schools, 
and other public structures necessary for the well- 
being of the community, The schools to the number 
of ten, afford free teaching to 2700 children. The 
asylums of different kinds established by the com- 
pany are as complete as possible, and their main- 
tenance represents an addition of about 24d. per 
day to the wages paid. 

1873 the Blanzy Company of their own accord 
increased the wages paid, by 10 per cent., when the 
price of coal was high; in 1877-78, when so great 
a fall in the market occurred, it was not found 
necessary to reduce the wages, although this had 
been done in England, Belgium, Germany, and 
eo of France, Moreover, it is claimed that 

ur P sengoypare at Blanzy is of a less arduous 
character at any other coal mines of France. 
The day’s work is reckoned at eight hours, including 
the time taken in descending and ascending, reduc- 
ing the actual hours of labour to seven; in the 
seams from 32 ft. to 50 ft. thick the amount delivered 
daily per man is something less than a ton, or about 
half a ton per head, including the workmen on the 
surface. 


1. Plans and Sections of the Principal Deposits.— 
Sections traced on glass showed the seams from 
the Lucy mine on fhe south-west, to the Sainte 
Elizabeth on the north-east. These limits include 
the portions most worked and best known on a my 
of 24 miles following the principal seam, with a width 
of 328 ft., and a maximum depth of 1082ft. The 
stratification was shown by a series of sections of the 
works near the Lucy, Ste. Heltne, Ste. Marde, St. 
Pierre, Maugrand, Ste. Eugénie, St. Francois, and 
Ste. Elizabeth shafts. These sections, taken on 
different longitudinal and transverse planes, show 
not only the variable inclinations and undulations 
in the strata but the faults by which the formation 
is dislocated. The main workings of Montceau lie 
in two seams, the thicknesses of which vary from 
26 ft. to 66ft. Above these two are found two 
seams varying from 3 ft. to 12 ft. in thickness, which 
have been po pee at Ste. Eugénie, but which do not 
yield so good a quality of coal; below, a third thick 
seam has been cut, but little is known of it. It is 
near the St. Pierre and Ste. Eugénie shafts that the 
seams attain their maximum thickness. Thus the 
former, at a depth of 300 ft., strikes the first with a 
thickness of 98 ft., and at 520 ft. the second, 
75 ft. 6 in. thick, finally at a depth of about 1000 ft. 
is the third seam, divided into a number of beds, 
and in which a thickness of 50 ft. solid coal has been 
found, There are a total of 223 ft. of coal, on a 
depth of 1800 ft. The chief interest of these sections 
lies in the delineation of the longitudinal and trans- 
verse faults, which furrow the coal lands, and settle 

uestions otherwise difficult to decide. The chief of 
these have been solved by the underground works, 
generally after long and difficult research. The most 
interesting of these problems concerns the upheaval 
at the fault at Ste. Marié. This upheaval having at 
this point about 320ft., and the two seams of 
Montceau being separated one from the other by 
320 ft., the galleries were pierced, without the 
fact being known, from one seam into the other. 
The nature of the roof rock has established this fact. 
In the company’s exhibit the plan of the surface 
works was placed below the section, in order that at 
a glance the relative position of the various points 
could be ascertained, 

2. Mode of Working.—The mode of working in the 
thick beds of Montceau is by horizontal stalls 
7 ft. 6 in. high, the voids being filled with earth and 
stonework brought from the outside. The lower 
stall being filled in, a second and afterwards a 
third is commenced above it, and so the work is 
carried on in stages, sometimes as many as five 
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superimposed on each other, according to the thick- 
ness of the seam. Each story is served by two 
galleries driven through the rock walls at 30 ft. or 
40 ft. from the seam, these galleries being placed in 
communication with the latter by cross cuts. The 
lower gallery is used for transporting the broken- 
down coal and for ventilation; the upper one for 
transporting the filling and for carrying off the 
foul air. These rock galleries serve also as shelters to 
the miners from the danger of firedamp, &c. The 
model exhibited showed the chief characteristics of 
the method of working followed in the Montceau 
mine. The ventilation is effected by means of a 
Guibal fan. The engineers of Montceau have com- 
pleted a very thorough organisation for protection 
against firedamp. For this eo the atmo- 
spheric conditions are studied by special employés 
called chercheurs de grisou, who whenever they dis- 
cover the gas in a particular location, dispel it by 
means of small portable ventilators. There are also 
established several systems for discovering the fire- 
damp, notably the Coquillon grisoumeter already 
described and illustrated in these pages (see ENaI- 
NEERING, vol. xxiv., page 317). A barometric 
surveillance is established at the central bureau in 
telegraphic communication with the various shafts, 
and on the occasion of any remarkable fall, the 
minuteness of examination in the mine is increased. 
The dangers arising from the ignition of coal dust, 
are provided for by constant sweeping and watering, 
and the employment of powder is prohibited in 
dangerous localities. In hard coals like those of 
Montceau, this prohibition involves much increased 
labour, and expense for tools, wear and tear, &c. 

The Levet wedge employed in breaking down the 
coal has given good results at Blanzy. It differs 
from others in that hydraulic pressure instead of 
strokes from a hammer, is used to drive it into place, 
The pressure, ranging up to 30 tons, is obtained by 
means of a small hand pump. 

The firedamp mines worked by the Blanzy Com- 
pany have been, in spite of all precautions, the 
scene of a series of accidents, some of them extremely 
grave. MM. Reydellet, Petitjean, and Mathet, who 
are the engineers-in-chief, have given considerable 
attention to the dangers arising from the presence 
of gas, and the system they have developed 
has done much to reduce this danger. One of 
the improvements they have introduced with a 
view to check this danger, is the ventilating door, 
which was shown in the Exhibition. M. Mathet 
has arranged these doors so as to isolate from 
the rest of the mine, the galleries troubled with 
the gas. Their object is to prevent the flame from 
passing, while at the same time they admit a sufficient 
current of air. They are moreover designed so as 
not to be blown from their position in the event of 
an explosion. 

The shafts at the Blanzy mines are all fitted with 
guides, and the workmen are raised and lowered in 
cages. The number of underground workmen 
being 2740, the total annual number of ascents and 
descents is 1,690,000, that is to say, more than 
200,000 journeys of the cage. The material em- 
ployed in this service has been very carefully de- 
veloped, and no serious accidents have occurred 
either from rupture of the cables or from over- 
winding. All thecages are provided with eccentric 
safety clutches, the arrangement of which were 
shown in the company’s exhibit. 

In 1867 the Blanzy Company completed the design 
for a pumping engine for the Ste. Marie shaft. This 
machine had two horizontal cylinders driving four 
pumps, the barrels of which were 84 in. in diameter 
and the stroke 43.3 in., and intended to pump water 
from a depth of 1000ft. The drawings of these 
pumps as executed were shown at the Exhibition. 
The water discharged by the machines, working at 
a speed of 16 revolutions per minute, was 30,000 
gallons per hour. 

The air - compressing yp established at 
Montceau represent a total of 380 horse power. The 
air is delivered into reservoirs which are drawn upon 
in the mine for the following purposes; 1, for the 
rock-boring machines ; 2, for transport by means of 
cables; 3, for local ventilation by Keerting’s fans. 
The mode of working adopted in the main seams 
by means of stages with galleries in the rock, in- 
volves a large amount of drilling, amounting to as 
much as 6560 ft. forward in the course of the year. 
The rocks are mostly limestone, in which an advance 
of 13in. to i9in. per day only is possible by hand 
labour. With the use of rock drills this is tripled, 
and in some cases it has been carried to 6 ft. a day. 
The cost of the compressed air is very variable, de- 





pending on the nature of the rock, it varies from 
43d. to 74d. per 100 cubic feet, not including 
the value of the fuel consumed. Piercing a gallery 
consumes about 423,000 ft. per month, haulage 
about 35,000 ft., and the Koerting ventilator about 
10,000 ft. The amount of air used per yard 
formed of gallery is about 17,000 ft. e cost 
of driving galleries by this means is really higher than 
by hand, but the saving in time effected by keeping 
the galleries in advance instead of in arrear of the 
working, more than compensates for the loss. Ac- 
cording to different conditions the Dubois-Francois, 
or the Darlington-Blanzy drills are employed. 

The application of compressed air to underground 
transport will be completed by locomotives, the first 
specimen of which was exhibited. The gauge of the 
underground line is 31} in. In the Montceau mines 
the system of lines, though complex, consists of 
short sections, and as the compressed air mains are 
laid down through the principal galleries, a locomo- 
tive can charge its reservoirs at any of the terminal 
points, The engines carry each a compressor, which 
receives the air from the mains, and then compresses 
it to the desired amount. 

The coal-cutting machine exhibited, consists of 
three tubular perforators driven at a high speed. 
They are mounted on a frame to which any desired 
movement can be given, so as to cut the coal at any 
angle, and to a depth of 314 in., in such a manner 
that the work of breaking down can be performed 
quickly and without the use of powder. These 
machines are used chiefly in those parts of the mine 
most liable to firedamp. 

M. Graillot, engineer of the workshops, has intro- 


duced at the Blanzy mines, a useful machine for | conf, 


testing the lubricating value of oils. The apparatus 
consists of a vertical shaft, ing at its lower 
end a horizontal disc, which is driven at a speed of 
120 revolutions per minute. An upper disc, the 
surface of which carries four projections, rests on 
the turning plate and determfhes the friction to be 
measured. For this purpose the upper disc receives 
at its centre a fixed pressure regulated by a lever. 
In the upper plate is a groove in which is laid a cord 
that passes over a pulley and throws a strain on a 
graduated spring. ‘bis spring indicates by its flexure 
the amount of friction exerted on the plate. These de- 
pressions of the spring during a test are traced on a 
roll of paper set in motion, and on which two pencils 
mark—one the line of depression and the other the 


zero. The rate of travel of the paper is —— to | of 


bear a fixed proportion to the speed of the disc, anda 
counter is added to check the correctness of the 
relative movement of disc and paper. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was an 
average attendance on ’Change at Middlesbrough. Nomi- 
nally prices were the same as last week, but as a matter of 
fact the market was weaker, and merchants were pre 
to sell No. 3 Cleveland pig at a lower fi than 34s. per 
ton less one per cent. Oeing to many of the Continental 
ports being closed, and the Scotch canals being frozen, ship- 
ments are slow. Very little pig iron is being shipped from 
Middlesbrough just now, and stocks are accumulating. It 
is feared that when the monthly returns of the Cleveland 
Ironmasters’ Association are issued the stocks will show a 
very large increase. Competent persons en in the 
iron trade calculate that the increase wi a least 
30,000 tons. Messrs. Connal’s stock of Cleveland warrants 
is increasing at Middlesbrough. They have 71,000 tons in 





hand, and are receiving about 300 tons per day. Nominally | plans had been 


their warrants are quoted 34s. 9d. net cash for No. 3 f.o.b. 
At Glasgow they have a stock of 205,450 tons. 


The Finished Iron Trade.—In the finished iron trade 
there is nothing worthy of special notice excepting that de- 
ote pe still prevails. Specifications are not coming to 

nd, and the plate mills are working irregularly. At some 
places in the North there is considerable comment upon the 
recent award of Mr. Le Fevre by which the wages of the 
ironworkers are reduced 5 per cent. Arbitration is by no 
means popular with sections of the men just now. It is 
——e. to know, however, that the men have sub- 
mitted to the reduction without any stoppage of work. 


The Failure of the Rosedale and Ferryhill Company.— 
Yesterday afternoon a largely-attended meeting of creditors 
was held at the Queen Hotel, Middlesbrough. On the 
motion of Mr. Joseph Dodds, M.P., seconded by Mr. 
Marley, Mr. David Dale was voted to the chair, after which 
Mr.:Belk, the solicitor to the company, read the notice con- 
vening the meeting. The chai presented a report from 
the committee appointed at the meeting of the largest 
creditors held last week. This mpert was fully discussed 
and adopted. It was moved b; . Dodds, 
seconded by Mr. T. H. Bell, J.P.: “That this m 
concurs in the recommendation of the committee ti 
Messrs. Woods and Company, bankers, Newcastle, be 

any action on their petition. 


ai Ferryhill Iron Com their meeting to 
‘ pany, a 
“sth passing 


Rosedale an 
be held on the of February, a resolution for 


, in view of the | and 





voluntary liquidation ; and ints Messrs. Geo ge . 
John Marley, and award Wi illiams liquidators Tae 
nominee the North-Eastern Railway, a nominee of 
Messrs. Woods and Company, Mr. Martin Morrison, and 
Mr. Jenkins a committee of inspection.”” The resolution 
was carried unanimously. The necessary formal reso- 
lations raying the court to order voluntary liquida- 
tion in lieu of compulsory liquidation were then passed, 
and the liquidators and committee of inspection were 
deputed to on the concern ing their formal 
appointment by the court. It was intimated that as soon 
as the liquidators are formally appointed a proposition will 
be made with the view of meeting all demands.in full and 
avoiding all further interference of the court and further 
expense. 

The Cleveland Institution of Engineers—On Monday 
he the monthly meeting of the Cleveland Engineers was 
held at Middlesbrough, the president, Mr. John Gjers, in 
om, There was a numerous atten me 

; bred read a on electric lighting. Ilustra- 
tions were ivan by on canalcte act om Regs a bai 
A lengthy — followed the reading of i P . 
ing paper. onday a special mee t) ie i- 
neers will be held, and the.nine hours’ pice will be fully 
discussed. 

NOTES FROM SOUTH YORKSHIRE. 
Pe SHEFFIELD, Wedn > 

Lighting of Goole.—The Aire and Calder Navigation 
Com are promoting a Bill to provide for the 
supply of gas and a supply of electric light to the port and 
town of Goole and the neighbourhood. It is a curious fact 
that all - ore aloet in paged und . oak be § 

wers to supply electric yet they say they do no 
Believe in its utility. However, the Gols Chamber of 
Commerce asks that the com may have certain re- 
strictions as to the profits to be derived from the new scheme, 
and may insist on that. 


Improvements in Rotherham.—The Rotherham Corpo- 
ration is promoting a Bill in the House of Commons to 


e interes 





er powers on it for jpurchasing lands and constructing 
works for the disposal of sewage; also for further powers 
in relation to markets, and affecting the sanitary con- 
dition ond local goreceee, Ste h. The same 
corporation has decided to make war on its next-door neigh- 
bour, ani will oppose the Bill promoted by the Rawmarsh 
Board of Health, which seeks to vest itself the gas 
mains and pipes in Rawmarsh, which are now the property 
of the Corporation of Rotherham. The Bawmarah au- 
thorities desire to manage their own gas and water supply, 
and further seek to supply the villages adjacent to om. 
The Rotherham Corporation, the Swinton Board of Health, 
others are all united in their opposition to the Dearne 
Valley Water Works Bill, which is being promoted by a 
private company this session. Public moneys will be used 
in this opposition, and it will be one of the strongest which 
— _be raised. There is a general feeling in 
the district against the creation of any more of these private 
monopolies. It is probable that there will be a joint action 
the boards ; affected for the purpose of securing the 
supply of water referred to in the new Bill. 


Welbeck and its Improvements.—For many years past, 
as is pretty generally known, there have been aliens on the 
most extraordinary improvements at Welbeck. The Duke 
Saleumenh fies aie ibirranann passage ceemonnaion 
un an with su ex g 
a total length of 20 miles, and many other curious works 
accordingly as it pleased his ape His Grace, as is well 
known, is now of great age, has left Welbeck some 
time ago, it is believed, without_any intention of again re- 


ewe A However, it is believed that at last he has com- 
pa is designs. The carrying out of them has employed 
mn i 


dreds of workmen, many engineers, architects, &c 
This week more than 100 men were disc , making a 
total of 1400 within the past year. The result is that trade 
in the flourishing town of Worksop aud many of the adjoin- 
ing is greatly depressed. 

Pontefract and the War Office.—The Pontefract local 
authorities have had to consider a desire of the War Office 
authorities who suggest alterations in the plans of the butts 
to be eo by the line and militia regiments 
inna had bonn peovietsdy puuset te Castile Lemans; Bk, 

P y y , B.E., 
and the alterations are very considerable, in fact, they 
would entail an expenditure just double that which was 
originally proposed. The local authority has, therefore 
determined not to “‘ interfere’ further in the matter, and 
has left the War Office to carry out its plans according to 
its own liking. The town will at any rate be saved a con- 
siderable cost. 


Parliamentary Powers.—A number of the local autho- 
rities in the country are applying this year for Parliamentary 
powers. The Ilkley Gas Ceaeneraiin to raise additional 
capital, and to supply the electric light. The Wombwell 
Local Board desire the sale and transfer to themselves of 
the works of the Wombwell and Darfield Gas Coe - 
Limited, and the trustees of the port and harbour of Whitby 
ask to be allowed to alter their constitution and to better 
define the limits of the port and harbour. 

Normanton.—At one of Blow! oe some 
compressive ines, made at Fowler’s Steam Ploug' 
Works, Leeds, have been put to work, and are giving very 
good results. 


air- 





LAUNCH OF A woo Rainy me me ag Ppp | & hew 

dredger , designed, 2 engined 

by Messrs. W. Simons and Co., was launched complete 

from the London Works, Renfrew. Itis named “‘ Bunyip’’ 

is the property of the Harbour Commissioners of 

Melbourne. is is the fourth dredger this firm have con- 
structed and delivered for Australia. 


’ 
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THE “'THUNDERER” EXPLOSION. 
To THs EpIToR OF ENGINEERING. 
Srr,—When the dismal — as the seoming of ite 
derer’ 38-ton reac place, I was as 
bier thought had = the cause of the disaster, to which 
ark puenant egetom of riding with increased twist 
2. The slotting away of the leading studs nearly toa 


hisel edge 

8. The sengthening of the 25-ton pe etidentiy jo aien 
the shot or shell a fair chance of ploug into the steel 
tube, jamming, cracking the tube across, bursting adrift 
the muzzle coils, and shearing off all that wo shear 
close to trunnion coils. 

My theory was laughed at and I was told that the cause 
must have been careless ing, that the shot had been 
drawn half down the bore and left there. Now, I do not 
think it possible to burst the 38-ton by such means 
and if unfortunately I were compelied to one, would 
much prefer the shot left as near the muzzle as possible. 

Since the arrival of the vessel the utmost mystery has 
been put on, turret sealed up, and no information obtain- 

ood cers and men. This, after the publicity in 
the Sea of Marmora, is worthy of remark, for there our 


shame was open to any one who chose to look at it. ; 
Enclosed is a thumb nail sketch just received by mail 
from a friend who took it directly after the explosion. It 


is rough, but will give an idea of how much finite force will 
leave of infinite stupidity if it only gets the thin edge of a 


gas wedge in. 


Malta, January 21, 1879. 


DUPLEX GAUGES. 
To THe EpiTror oF ENGINEERING. | 

Srr,-—We notice in your issue of the 10tb inst. an illus- 
tration and description of a double gauge. We 
fear Messrs. A. and C. Stewart, of Port Eglinton Brass 
Foundry, Glasgow, are mistaken, for though they have 
astemtel their icular arrangement of gauge they 
certainly have not introduced it, for we ourselves have 
duplex gauges for many years, and besides 


Untrorm Twist. 








peweng ben manufactured by us for many years and ex- 
hibited at several exhibitions, they have been adopted by 
the Board of Trade and others as standard test gauges. 
We now make an improvement on one old pattern duplex, 
gy each tube may be worked independently or to- 
gether. 

We send you with this note an illustration of one of 
these gauges, and have the pleasure to be, Sir, 

Yours very truly, 
JoHN DEWRANCE AND Co. 
76, Great Dover-street, Southwark, London, 
January 20, 1879. 


THE MANUFACTURE OF HAIR-COMBS. 
To Tue Epiror or ENGINEERING. 

Srtr,—We shall feel obliged if any of your correspondents 
can give us the name of a firm who manufacture presses, 
grindstones, saws, and other plant for turning out hair- 
combs. We are yours truly, vs 








PRIMING. 
To THe EpiTor oF ENGINEERING. 
Srr,—With your permission I should like to lay before 
the engineering world the results of a few iments 
which I made in the autumn of 1874 on the subject of 


priming. 

About that time I was frequently on board the twin 
steamship Castalia, and had many opportunities of ob- 
serving the most unusual priming of the boilers which she 
then had in her, but which were soon efterwards removed. 
ing, Fig. 2, enclosed, of one of her four boilers 
f ee wy dy = ra rte th = high oro 
of priming might owing C) igh wa’ 
line, and consequently small steam ont small area 
for the steam to di itself. So far as I had 

i ilers they primed unceasingly and 

continuously. 


It seemed possible that part of this priming might be due 
to the steam and hot water generated on the centre farnace 
rising between the two nests of tubes, and thereby turning 
what should have been a down current into an up current, 
and to that extent interfering with the circulation. 

To try what the influence of circulation is at atmospheric 
pressure, I had a small tin vessel made about 10in. high 








and 3} in. in diameter (see Fig. 4). I filled this with water 
——— a little soap, or soda and oil, to make it froth 
more easily up to the dotted line, and then placed a Bun- 
sen burner under it, the flames of which extended 2} in. 
or Sin. up the sides. : - 

The water soon frothed over. A zine cylinder (No. 1), 
without ends, was then introduced to effect a tion of 
the upward and downward currents, but with any 
effect in stopping the frothing over, and not by any means 
So ntl  edianed se mop late 

ubsequently a co’ p was 
tried (No. 2) with better results ; and last of all the circu- 
lating arrangement became that shown in No. 3. 


















and the mean indicated horse fell to 424 with similar 
imi Fresh water was introduced for each trial. 


Since then the Admiralty have tried my plates in the 
following vessels, H.M.S. moise, ile, Serapis, 
Malabar a couple of steam pinnaces, the Northampton, 
and one boiler of the renee I am be by the 
e Admiral no im; ent took place 
in the oise. The steam from the Boadicea’s boiler 
was drier before. An improvement was observed in 
the Crocodile and Serapis, and in the two pinnaces. 
Of the results with the Northampton Malabar I have 
as yet heard nothing. 
priming be in a great measure due, as I think it must 





fig.2 


Original boiler 
of the Castalia’ 








































































































































































































The separation of the currents was perfect. The whole 

of the steam generated on the bottom and sides of the pot 
passed upwards through the cone in the centre, and out 
through the orifice of only fin. at the top. The steam 
generated on the sides was carried down owing to the 
violence of the circulation, and joining with the steam 
generated on the bottom, made the rising column so light, 
as compared with the falling water on the outside, that 
the mixture of steam and water shot out of the tube toa 
— of 2}in. or 3in., and even more. 
_. The Seas ome could be easily taken out whenever 
it was wished without in any way ahesing the flame, and 
the invariable result of its being withdrawn was that in 
from 5to 20 seconds, the water frothed over the edge. 
The views, Nos. 1, 2, and 3, Fig. 4, show the stages of the 
experiments, but a good many other forms were tried. 
How much there is in common between these experiments 
working at atmospheric pressure, and a marine boiler, each 
engineer may judge for himself. 

_ The experiments were shown to the late Mr. John Penn 
(in whose drawing office the writer then was) together with 
a drawing of the boiler of Mr. Penn’s cargo boat the 
Elephant, Sous @ proposed arrangement of plates for 
confining the whole of the rising column of steam and water, 
and causing it to be delivered through the small apertures 
seraite. ‘Thy eves ab As Wig &, wan slighly greater tax 
results. e area at A, . 3, was sli 
the sum of the areas between the tubes. nite 

The next vessel on which these -—— were tried was Mr. 
Penn’s yacht the Pandora. This boiler was a new one, and 
similar in general respects to the Boadicea’s boiler, of which 
a section is ro in Fig. 1. The plates were put in the 
spring of 1876, and have remained there since, and Mr. 
gee the ~~ ee = has paid great oe to 

e subject, ‘orms me ere are no signs ilting 
due to increased circulation observable. 

The boiler was first tried with the plates as arranged in 
the drawing of the Boadicea’s boiler. The mean indicated 
horse power was 631, but there was considerable priming 
towards the end of the trial. The next trial was with the 
overhanging plates removed with the ordinary vertical 
circulating plates only (first introduced, I believe, by the 
late Mr. Napier). The mean indicated horse power was 
then 586, priming as before. 

Lastly, the whole of the circulating plates were removed 





























































































































Fig .4 
be, toa ually increasing accumulation of froth and 
scum in the com tively quiet spots on the surface of the 
water in the boiler, such as the C C, it might be worth 
trying the effect of introducing the cold feed water above 
the water line, so as to effect a condensation of this as 
quickly as it grows, and so prevent it from heaping up 
and at last destroying the disengaging surface. I do not 
know whether this has ever been tried; my experiments 
on small models were not of such a carefully conducted 
= as to warrant anything more than a mere reference 
em. 
Begging to apologise for the length of my letter, 
Tam, Sir, yours truly, 
7, New-square, January, 22, 1879. J. C. GRAHAM. 





CANADIAN Rartways.—The last rail on a railway con- 
necting Manitoba with St. Paul, was laid early in De- 
cember. The length of this connecting link between 
Winnipeg and St. Paul is 487 miles. It puts the Canadian 
province in immediate railway communication with the 
seat of the Dominion Government, by way of lines tra- 
versing the North-Western States. It also brings a vast 
wheat-producing region within the scope of American 
commerce. 





Tae ALEXANDRA Dock, NewPort.—On Monday night 
the Alexandra dock entrance, Newport, was lit w by the 
electric light, and the result was satisfactory. has 
been brovght about by Mr. J. C. Parkinson, the managing 
director of the Alexandra Dock Company, and Mr. Snape, 
consulting engineer. Mr. Parkinson spent about a fort- 
night in Paris examining the various systems in operation 
there, and Mr. Snape in London. e result was that 
they determined to bring into use Siemens’ apparatus, 
containing all the latest improvements. To enable this to 
be done, the dock company caused to be erected, one on 
each side of the entrance, an engine-house and a tower. 
Each cnginogeem contains a gas engine and a Siemens 
dynamo-electric machine. The towers are 30 ft. bigh, built 
in the form of a lighthouse, with an octagon lantern about 
6 ft. in diameter and 6 ft. high. These towers are so 
situated as to command the entrance to the dock, and each 
is fitted with a movable reflector, which will throw light 
on any part which it is desired especially to illuminate. 
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THE HESLOP ENGINE, A CHAPTER IN 
THE HISTORY OF THE STEAM ENGINE.* 
By Mr. H. A. Fuercuer, of Whitehaven. 

So far as the writer is aware, no work upon the steam 
engine, or illustrative of its progress and gradual develop- 
ment, contains any mention whatever of the remarkable 
and ingenious engine invented by Adam Heslop and 

tented on July 17, 1790; and yet he conceives that it 

orms an important chapter in the history of the steam 
engine, as a somewhat successful competitor with the im- 








proved engine of James Watt, and as containing within it 
the germ of the compound engine of the present day. 
Probably it was never much known beyond the somewhat 
limited coalfield of Cumberland, where for many years it 
enjoyed great favour ; and even within that district itis at 


the present time gradually becoming ae and its 
principles and merits are understood by only afew. Only 
one specimen now remains, which has outlived by many 
years all other members of its family; and as this also, 
after a faithful service of more than fourscore years, will 


_* Paper read before the Institution of Mechanical En- 





cease from its labours in a few months—when it will pro- 
bably find at the South Kensington Museum an honour- 
able place of retirement in the com of the Soho sun- 
and-planet engine, and the locomotives it, Sans; il, 
and Puffing Billy—the present seems a fitting opportunity 
to place on record some account of the Heslop engine. 

The accompanying illustration, Fig. 1, is copied from 


the engraving attached to the original specification, be- 
neath which £ the following tion :—‘‘ A Receiving 
Cylender A is placed under the of the Engine B, be- 
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tween the center of the Beam and the end opposite to that 


which is moved by and connected with the working Cylender 
C used in the Common Fire Engine. The aforesaid Re- 
ceiving Cylender is filled with S from the Boiler D, 
sufficient to produce a vacuum in the working Cylender for 
the next stroke of the Engine, and which Steam so received 
in reserve is made to assist in raising a piston E, which 
must be loaded with so much weigh’ every square 
inch as the Steam shall be eivenger than e of the 
Atmosphere, and which will ey assist the Engine 
in its effect by ving an opportunity ayy 3 the work- 
ing piston F with the same weight. Near to the middle of 
the said working piston F is placed a Valve L, which ad- 

of a small portion of water which arises 


mits the discharge 











on the descending stroke of the said Piston F, and supplies 
the same with Water. The Steam Valve marked G, which 
opens the communication between the Boiler and the Re- 
ceiving Cylender, is similar to that in the Common Engine, 
and worked in the same way. The passage for the Steam 
from the eateng eee to the working ~ pom is by 
a connecting pipe H, which is o and shut alternately 
by Valves marked I and K, and the motion is communi 

to those Valves by working gears nearly similar to that of 
the Common Engine. The working Cylender ©, together 
—_ eS pipe H, “ be ranger reer pegeee 
cold water. @ Injection and sinki ipes ie Wor. 
Cylender are all similar to Seateatiee use.”’ 

This explanation is not very explanatory, and is worded 
with evident caution ; for it was probably as neces and 
desirable ninety years ago as it is now to say but little in 
a patent specification, and to say that. little cautiously. 
With the aid of the drawing, however, the action of t' 
ay me will be readily understood. It will be seen that it 
is ished with two epon tapers cylinders, one on esch 
side of the main centre of the beam, and both of them 
single-acting, although their y maa are — in the 
same direction. These cylinders are descri! respec- 
tively as the ‘‘ receiving cylinder’ and the “ big mm 
cylinder,” the latter being possibly so called lest Boul- 
ton and Watt should contend it was only a condenser 


with a piston init; but in actual practice they were 
known, and perhaps more correctly, as the hot cy 
linder and the cold cylinder. The steam on being ad- 


mitted into the first or hot cylinder helps to raise the piston 

by its pressure underneath ; the return stroke is then made 

by the weight of the pump rods, &c., in the pit, suspended by 

a chain working over an arched beam-head. During the 

downstroke of the pump rods, the eduction valve I 

being opened, the steam passes from this cylinder to the 

second or cold cylinder by means of the connecting pipe 
constantly immersed in a trough of cold water, which pro- 
duces sufficient condensation to ‘kill’ or reduce it to 
atmospheric pressure as it enters and fills the cold cylinder. 
The cold having arrived at the top of its stroke,. 
and its cylinder being thus filled with steam, the injection. 
valve is opened, admitting a jet of water beneath the piston, 

and thus ringing a vacuum into play. In the case of 
rotative engines the return stroke was made by the weight 
of the connecting-rod, crank, and a heavy pair of links 
attaching the hot piston to the beam assisted by the 
momentum of the flywheel. The two pistons are 
heavily weighted in equilibrium, and the action of the. 
steam in the hot cylinder is simply to take off the weight of 
the hot piston, and allow that of the cold piston to come 
into play. This arrangement is necessitated by the arched 
head and chain connexion, which, though proper to receive 
a pull, will not admit of a thrust. In order to prevent the 
possibility of injection water passing from the cold cylinder 
~ the hot one the latter is elevated above the level of the 
ormer. 

By this arrangement of two cylinders Heslop obtained 
advantages closely approaching those of the separate con- 
denser, and effected a signal superiority over the atmo- 
opnanie engine of Newcomen, even as it then existed with 

the structural improvements introduced by Smeaton; 
who was compelled to admit that, in its best state, 50 per 
cent. of the steam was wasted by the alternate heating and 
cooling of the cylinder, 


Fig.4. 


} guided by any 
e relative proportionate ety of the two 
ey appear to be 


Mr. Heslop does not appear to have been 
fixed rule in th : i 
cylinders. In the specification drawing 
practically equal in contents, whilst in five instances in 
which the dimensions have been ascertained the hot — 


er 
is invariably the larger, bein respectively 8, 53, 75, 78, 
and 87 per cent. ; in Senate than the cold one. 
Doubtless he found sufficient reasons for gradually decreas- 
ing the p ions of the cold cylinder, but with higher 
pressures of steam than were then in use there seems no 
cause why these proportions might not be reversed. 
Fifteen engi on She Heslop principle may be mentioned 
as thoroughly authenticated ; were probably some 
others, of which all trace or record is lost. The list here 
ven has regard to locality eather than to probable chtono- 
fear go Ee J I Tee: 
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ra were weighted with 


pig iron ; in fact, even to the 
and chimney, it wae aieaes 


t exactly similar to the 
engine shown in the specification drawing, except that 
the main centre of the beam was not carried by a wall, but 
a wooden A frame, the sides of which, being boarded 
Kf round, formed a sort of pyramidal hut over the hand 
gear. This is believed to have been the earliest engine 
of its kind; it retained nearly all its original features 
and details until the last, and was broken up about thirty 
years ago. Its boiler like those of all the Heslop engines, 
was of the haystack form. The hemispherical tops were 
of cast-iron plates, not fitted, and fastened together by 
means of bolts and rust joints; whilst the lower portions 
were of wrought iron. @ maximum working pressure 
was usually about 3 lb. per square inch above the atmo- 
sphere. 
PNo. 2.—A winding engine with cast-iron beam at John 
Pit, Harrington ; it was built in 1810, and was called 16 
horse power, and wound coals from 95 fathoms depth, with 
the aszistance of a balance sheave. It was altered into a 
high-pressure engine by Daniel Hawthorn, a brother of 
Robert and William Hawthorn, of Newcastle fame, and 
for some time manager at Lowca Works under Messrs. 
Tulk and Ley. The Heslop engine seems to have been 
a puzzle to Mr. Hawthorn, who confessed that he never 
could thoroughly comprehend its working, adding how- 
ever, the consolatory reflection that he was quite sure no- 


body else did. 
No. 3.—A winding engine at Hodgson Pit, Harrington. 
This may be regarded as exhibiting Mr. Heslop’s best 


work and later improvements. The ™m was —— 
by a cast-iron framing, whilst the whole engine s on 
cast-iron girders, requiring only two or three cross walls 
for the supportof the whole. The beam was a single cast- 
ing of peculiar form, convex on the lower side but flat on 
the upper, the main centre »eing in the same line with the 
upper edge, but fortified by a semicircular piece over it. 
This engine stood exposed to the weather for some time 
after its abandonment, and was broken up about fourteen 
years ago. . ne , : 

No. 4.—A large winding engine at William Pit, White- 
haven Colliery, erected in 1809, and shown in the accom- 
panying drawing, Fig. 2, which is copied from one in the 
possession of the Earl of Lonsdale. The beam B was a 
combination of wood and iron, consisting of two open-sand 
castings, somewhat in the form of the principals of a king- 

st roof, bolted together with a log of wood between them. 

he throw of the crank was 5 ft. 6 in., the hot cylinder A 
44 in. in diameter with a stroke of 3ft. Gin. or 3 ft. 7 in., 
and the cold cylinder C 28 in. in diameter with 4 ft. 9 in. 
stroke. The piston-rod of the cold cylinder was connected 
to the beam by means of a parallel motion; and that of 
the hot cylinder by links, with guides for the crosshead. 
The engine was furnished with an air-pump 14 in. in dia- 
meter ; and the flywheel was 20 ft. in diameter. For forty 
years this engine drew a large wn coal daily from 
a depth of 106 fathoms, with considerable economy of fuel, 
and with a remarkably small expenditure in repairs. It 
was broken up in 1850. 

No. 5.—A winding engine at Lady Pit (afterwards re- 
moved to Wilson Pit), of which also a drawing is extant at 
the Whitehaven Colliery office. Judging by the scale the 
hotand cold cylinders appear to have been respectively 
30 in. and 20 in. in diameter, with strokes of 2 ft. 8 in. and 
8ft. The date of this engine is supposed to be 1795, and it 
was without any air-pump, like all made previous to the year 
1800, in which Watt’s first patent terminated, after 
having been prolonged by Act of Parliament in 1775 for 
the ac htitional period of twenty-five years. The piston-rod 
of the cold cylinder was attached to the wooden beam by 
means of a chain passing over an arch-head, whilst that of 
the hot cylinder was connected by cast-iron links. The 
boiler was fed as was then usual by a jack-head pump, the de- 
livery box of which does not appear to have been more than 
7 ft. above the water level ; consequently the boiler pressure 
could never exceed a maximum of a little over three pounds 
on the inch. This pump, being connected with the dis- 
charge pipe from the cold cylinder, must to some extent 
have also served as an air-pump. Other earlier engines 
had a similar arrangement. 

No. 6.—The last of these engines which remains to be 
noticed is the one first alluded to as the only existing re- 
presentative of its kind. It was probably made about 1795, 
or a few years earlier or later, and was originally at Kell’s 
Pit, then at Castlerigg, and in 1837 was removed to its 
present position at Wreah Pit, all owned by the Earls 
of Lonsdale, and forming part of their Whitehaven 
Colliery. 

The views on previous page, Figs. 3and 4, are made from 
actual dimensions taken recently. The hot cylinder A is 
$4 in. in diameter with 2 ft. 10 in. stroke, and the cold 
cylinder C 25} in. in diameter with 3 ft. 3 in. stroke. The 
wooden beam B has been frequently renewed, and a symptom 
of fracture in the present one is met by two pieces of old 
boiler plate patched over the middle portion ; the present 
hog-backed shape is m , the original beam having been 

lel inform. The air-pump of 12 in. in diameter has 
an after-addition ; and the snifting valve in the cold 


iston is plugged up, being apparently no longer necessary. 
ry made p dry: 5 1 - 


A drawing, year , shows an air-pump 
placed outside the cold cytinder, and worked through a double 
radius parallel motion, by means of a smail beam attached 


to the end of the main beam by a long connecting link. 
Nevertheless the cold piston still did its work through a 
chain and arch-head, it was probably not till 1837 that 
the now existing links and crosshead guides were substituted. 
The original cast-iron flywheel s has been replaced by 
a wrought-iron one of the same dimensions. The 

is on a second-motion shaft, which is not parallel to the 
Tosi, and is deiven from it by a bevel pinion D on the 
flywheel shaft, working into an ordi spur wheel with 
parallel teeth sree the winding shaft. curiously bent 
connecting-rod E was a common feature in all Heslop’s 
rotative engines ; and though its obvious intention is to 


winding | Th 








clear the hot cylinder, he contended that it gave a certain 
amount of elasticity which was cial and desirable. 
The cold-water pump discharges itself on the top of the 
cold piston, from which it overflows on the upstroke into 
the cistern on which the cylinder is placed. his engine 
also pumps, by means of a cast-iron beam added about 
forty years ago, and placed some 4 ft. or 5 ft. above the 
level of the main beam, to which it is connected by links. 

An caper has been made to indicate this engine ; but 
from its ricketty condition, bad joints, and rather insuffi- 
cient supply of cold injection water at the time, the result 
was not entirely satisfactory, yet sufficient to prove the 
mode of operation of the steam. With about 20 lb. per 
square hedh pomeeen in the boiler, which is not the original 
haystack but an ordinary egg-ended boiler, the maximum 
pressure in the hot cylinder was 164 lb. In the case of the 
cold cylinder it was needful to attach the indicator to a 
tube inserted in the top of the piston, the presence of in- 
jection water in the cylinder meling it impossible to apply 
it in the usual way. In the upstroke of this piston the 
diagram showed the pressure reduced to the atmospheric 
line, which it follows till towards the end of the stroke, 
when there is a slight fall below that line, arising it is be- 
lieved from some of the cold water that is constantly 
poured over the top, passing the badly packed piston into 
the interior of the cylinder. The diagrams were taken 
whilst the engine was pumping. 

Adam Heslop was the son of a blacksmith, settled at 
Workington, and said to be a Scotchman. Along with his 
two brothers, Crosby and Thomas, Adam also followed the 
same craft, which then included what little was known or 
requisite in the fitting of machinery and the use of the 
lathe ; and all the three were employed as smiths at the 
Seaton Iron Works near that town, then and sometimes 
now better known as the Barepots or Beer-pot Works. 
Thomas seems to have been an adept in the art of 
boring cannon for the armament of merchant ships, a 
considerable article of manufacture in the days when every 
foreign-going vessel carried a number of guns. In very 
early life Adam Heslop went to Coalbrookdale and the 
neighbouring iron district for the purpose of improvement 
and experience; and it was whilst residing at Ketley, near 
Wellington, in Shropshire, that he patented his engine in 
the year 1790. Probably he returned to Seaton Works 
not long afterwards; and it is conjectured that two or 
three of the earliest of the engines which bore his name 


objects are dealt with, a necessary part of the drill and 
equipment consists in recovering guns which have acci- 
dentally become disabled, and it is hard to see why a 
similar course should not be pursued with the more costly 
ironclads, where such a value is necessarily p! in 
one single bottom. If the importance of the subject is not 
thoroughly realised and practically carried out in times of 
peace, it is evident that it will present very much greater 
wy in the necessary hurry and bustle of actual war- 
are. 

The plan proposed by the author consists essentially of 
two distinct features ; one of the employment of a suitable 
iron tower for making attachments to the sunken ironclad, 
and the other the construction of a vessel capable of lifti 
such ponderous weights, which can subsequently be us 
permanently as a floating dock for docking vessels, and 
which is capable of trausporting itself without the escort of 
any tugs or men-of-war to the most distant stations. The 
followin figures show the general outline of the system 
ssenuaet The diagrams show a side elevation of a sub- 
merged ironclad, with a sectional elevation of the floating 
dock, when it comes into position over the wreck; an 
end elevation of the wreck and dock ; the dock subiherged, 
ready to receive the floating ironclad; the dock afloat, 
with the ironclad docked in the ordinary way, and com- 
pletely out of the water; a plan of the dock, the dotted 
outline of the ironclad showing in the centre; the tower 
in position alongside the submerged wreck, when in 
the act of clearing away the seaweed, preparatory to 
making the necessary hole for making the attachment ; 
the boring of the hole; the placing of the attachment ; 
and a view of the boring-tower when being towed out 
to the site of the wou. This tower is constructed 
of boiler plate, and is of a length suitable to the depth 
at which work is being carried on. It is permanently 
closed at one end, and immediately over this end there 
is a quantity of cast-iron kentledge used as ballast; the 
object of ballast in this particular place being to lower 
the centre of gravity of the whole structure. At the other 
end it is capable of being readily closed at will by a man- 
hole door. At the bottom of the tower, outside the 
chamber, there is an annular jacket into which water can 
be let at pleasure by suitable valves ; and at the top there 
is a similar jacket which can also be filled and emptied 
at pleasure. In both these jackets there are several radial 
bulkheads. Shortly above the cast-iron ballast at the 
bottom of the tower there is what may be called the work- 





were constructed there. But in 1798 or 1799 he founded the 
Lowea Iron Works, near Whitehaven, in conjunction with 
his two brothers, Mr. William Stead, of Bolton (Cumber- 
land), Mr. Johnson, a merchant of Whitehaven, a lady 
named Ritson, and Mr. Millward (who ultimately became 
emg of the whole), under the style or firm of Heslops, 

ohnson, Millward, and Company. Adam held three-six- 
teenths, Crosby two, and Thomas one; but Thomas retired 
in 1803 in order to join a Mr. Mead in the business of an 
iron merchant and anchorsmith, receiving for his interest 
in the concern the modest sum of 1861. 18s. 

William Stead was a younger brother of the John Stead 
or Steed (Stead is pronounced Steed in the vernacular of 
Cumberland), who, whilst occupied at Birmingham in the 
year 1781, patented the application of the crank to the 
steam engine. Watt states, in the well-known letter 
on the subject to his son which is published in Muirhead’s 
** Mechanical Inventions of James Watt,’’ that he himself 
was then experimenting with the crank, but that whilst he 
was considering about it Stead took out his patent ; and he 
accuses one of his own workmen of treachery in the 
matter, but at the same time admits that Stead might 
have invented it independently, as no doubt he did, 
having according to the statement of his grandson, 
Mr. Charles Wilson, now of Shotley Park, taken the 
idea from his wife’s spinning-wheel. It is a curious 
fact, however, that no trace of Stead’s patent is to be 
found, although a patient and careful search was made 
for it at the Patent Office by Mr. Bennet Woodcroft ; 

ssibly some cause or other may have prevented the 

eposit of the complete specification within the time pre- 
scribed by law. 








RAISING SUNKEN VESSELS. 


On an Economical Means of Raising Ironclads Sunk in 
ater.* 


By Druirr Hatrrn, Memb. Inst. M.E., Assoc. I.C.E. 


Srnxrne@ large and costly ironclads, both intentionally 
and accidentally, has now been reduced to such an exac 
science, that it appears the time bas fully arrived when 
the art of recovering them should be sinced on a similarly 
well-defined basis. All proposals hitherto made in this 
direction have naturally been received with disfavour, 
emanating as they generally did from persons totally in- 
competent to deal with the subject. The chief difficulties 
that have lain in the way of enterprises of this kind have 
been, in the first place, the absence of a suitahle means of 
getting hold of the submerged vessels; and, in the second 
place, the enormous cost of the plant n to float 
them, and which at best, if su ully used, could only be 
used again for similar purposes. The importance of the 
subject at the present time can hardly be overrated ; and 
it is extraordinary to observe how much it has been neg- 
lected, seeing to what a great extent it will probably have 
to be used in the event of any naval hostilities. 
artillery, where much smaller weights and less valuable 

* Paper read before the Royal United Service Institution 
on Monday, January 20th, and reprinted by permission. 
inal arrangement of the apparatus described 


see y 
Mr. Halpin in this paper was illustrated by us on page 1 
It will be noticed, however, from the 





Gocorfption in the, blished, that Mr. Hal 
lescription in the paper now i . r. pin 
has since the date of our | sam notice made several 
important alterations in the details of his pians, chiefly 
in making the tower in one piece with a double casing. 





field | und 





ing chamber, as from this chamber all the operations for 
making the necessary attachments to the wreck are con- 
ducted. Thischamber has several strong glass windows 
round it at various heights, and the work is carried on by 
the aid of an electric lamp. When the lamp is kept inside 
the tower, a black canvas tube, similar to that used by 
photographers, is conveyed from the end of the lamp to one 
of the windows, the object being to prevent the light from 
mage | the men working inside the tower. The lamp ma 

also, when desired, be lowered directly alongside the wrec 

outside the tower. In all cases where light is exhibited, 
fine jets of paraffine are ejected to get rid of the undesired 
presence of fish, which would otherwise totally obstruct the 
view. Outside the om | chamber there is a strong axis, 
which carries a long steel bar; this bar having ‘all the 
motions of a vice handle, that is to say, it is capable of 
rotating round its own axis, and of revolving in a vertical 
plane, as well of being run in and out through the 
central axis carrying it. The whole of these motions are 
produced by a small three-cylinder engine, worked by com- 
pressed air, this air being supplied from a compressor work- 
ing on board a tug in attendance. The tube is built hori- 
zontally on baulks close to the water, and, when ready 
for launching, the manhole door at the top is closed, as 
well as the valves on the outside of the top and bottom 
annular jackets, The tube is then launched into the water, 
where it floats like a spar, and is towed to the wreck. When 
it has arrived in situ it is sunk by opening the air valve in 
the bottom jacket, and thus partially destroying the buoy- 
ancy. The manhole door is now opened, and a man goes 
down in an armchair to control the motion of the machinery 
for making the attachments. As all these attachments are 
made by the aid of the engine, it will be obvious that the 
man has no exertion to undergo but has merely to watch 
and guide the operations. The manhole door at the top 
being always open, it is clear that the man always remains 
under atmospheric pressure, and is not subject to the un- 
favourable conditions under which divers have to work. In 
order to bring the tower exactly into the required position, 


+ | four anchors are laid out before the tower is sunk. Light 


steel wire ropes are made fast to these anchors, and 
round blocks at the bottom of the tower. It will be evident 
that, by heaving in and paying out these ropes, the tower 
can be moved in any desired direction. It is assumed that 
the whole of the wave-motion which takes place on the sur- 
face of the water does not extend for a greater depth than 
say 15 ft. ; and if this assumption be correct, it is hard to 
see how the tower can ever be brought much out of the 
perpendicular by the force of waves existing at the time on 
the surface ; for it must be remembered the tower is round, 
and only about 4 ft. in diameter, thus offering a very small 
resistance to the waves. Of course, it is not assumed that 
this machinery can be worked during gales of wind; but, 
on the other hand, the author doos not consider it necessary 
that absolutely smooth water is a sine qud non to the 
lertaking. However, to counteract any small effect 
which might be produced by the vertical oscillation of the 
tower itis proposed to control the oscillation by heavy 
chain cables attached to large anchors, these cables being 
made fast to the top of the tower. 

When the tower has been placed in exact position, the 
attendant causes the bar to assume a horizontal position, 
presenting the end of it to the wreck, which carries a large 
steel wire brush. The bar is then caused to revolve 
rapidly by means of the engine. By this means the sea- 
weed is cut away, and a clean place for further operations 
is obtained. The exhaust air which has worked the engine 
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is ejected immediately under the place being cleared of sea- 
weed, the object of this being to cause an upward current 
to carry the seaweed away; its removal otherwise would 
be very slow and difficult, as its specific vity is almost 
the same as that of sea-water. Whenac place is thus 
obtained, the bar is made to revolve ina horizontal plane 
until its other end, carrying a drunken milling tool, 
touches the side of the cok This tool is like an elongated 
shot, being hemispherical at one end, this end being cut 
into fine grooves or mills. The object of making this tool 
drunken, or not fixed firmly on the shaft which drives it, 
is to prevent its being broken by any slight movement 
which might take place in the tower. This tool is then 
made to revolve by means of the engine, and mills or grinds 
its way through the ship’s side. The hole thus made is 
preferably placed a short distance below the shelfing plate 
which carries the armour. After the hole had been made, 
the tool is withdrawn, and the boring bar is placed in a 
vertical position, parallel with the axis of the tower. A 
suitably formed rail is fixed along the outside of the tower, 
in line with the boring bar when the latter is placed verti- 
cally. A small carriage runs up anid down this rail; this 
carriage carries a casting called a carrier, and into the top 
of this casting the toggle attached to the end of the steel 
wire rope which is to form the attachment is placed. This 
toggle for strength is made of compressed cast steel, on 
account of the great strength and uniformity of that metal. 
It is so formed that, when supported only by the rope, it 
always hangs horizontally. It is small at the ends and 
thick in the middle, enabling it to be introduced into the 
hold on account of the smallness of itsend. When once 
the middle part has passed the hole it falls in easily, and 
it is impossible to withdraw it. The hole in the toggle for 
the attachment of the steel wire rope is so formed that the 
toggle prevents the rope being cut by the jagged edges of 
the plate. The toggle is inserted in the hole by the bori 
bar releasing the carrier which carries the toggle from o 
the carriage. The boring bar is then moved into a horizontal 
position, when it is run out, and the toggle inserted into the 
Lam tery | formed hole. When the operations of brushing, 
making the hole, and shipping the toggle, have been per- 
formed, the tower is moved a suitable distance, say about 
5ft. fore and aft the wreck. It will be observed that the 
whole of these operations of brushing, making the hole, 
and shipping the toggle, are performed at one operation, 
without removing the tower, so that no time is lost in 
looking for holes already made. Should any accident 
occur to the machinery making these attachments under 
water, the man goes up to the top of the tower, closes the 
manhole door, and goes on board the tug. Compressed 
air is then admitted to the lower jacket, which expels the 
air, and the buoyancy causes the tower to rise horizontally, 
and float on the top of the water. The radial bulkheads, 
before referred to, in the annular jackets, are for the 

urpose of producing buoyancy in any part of the jacket. 

t will be clear that, by these means, it is possible to 
rotate the whole tower completely in the water, and expose 
any part of the machinery to view that may need attention. 
The first operation undertaken at the wreck is to clear 
away all the standing rigging and masts. This is done by 
lowering the tower alongside the rigging, and by attaching 
suitable cartridges of gun-cotton to the rigging by means 
of special clips fixed in place on the rigging by the aid of 
the boring bar. After the whole of these cartridges are 
properly placed, the tower is removed, and the cartridges 
are fired by electricity. The masts are cut off by the 
board by having circular cartridges lowered down on them 
from the deck. These oan are similarly fired by 
electricity, and the whole of the masts and rigging are 
towed bodily away by tugs. When the rigging and all 
other obstructions have been removed as described, attach- 
ments are made in the manner already referred to. After 
the rigging has been cleared away, two wrought-iron 
booms, about 3ft. in diameter, and jin. thick, and of 
suitable length, are lashed together, and moored fore and 
aft over the wreck. As a precaution, thesé booms are 
stuffed with cork, to prevent them sinking, in case of holes 
being accidentally knocked in them. Gripping clips are 
fastened all along outside these booms, and as each attach- 
ment is made to the wreck, the other end of the steel wire 
rope is rove through these gripping clips, and cast over- 
board. These booms are hauled down say 2 ft. or 3ft. 
below low water, so that there may always be an upward 
pull on all the wire ropes attached to the wreck. 

When the whole of these preparations are made, the 
lifting is commenced by means of the floating dock now to 
be described. This consists of two complete vessels suit- 
ably divided by bulkheads, and having screw propellers 
pon | rudders at the stern, and fitted with powerful centri- 
fugal pumps. The engines which drive the screws are 
capable of being disconnected to drive the pumps when 
wanted. The two vessels are braced together, ata suitable 
distance apart, by very strong wrought-iron girders, and 
these wrought-iron girders are completely boxed in top and 
bottom by a continuous iron deck, thus forming a large 
hollow platform on top of the two vessels. Longitudinal 
air chambers are constructed at the sides and top of this 
platform, the object of these chambers-being to control the 
dock when the latter is being submerged in order to dock a 
vessel. The vessel when docked is supported altogether by 
bilge blocks, drawn in from the opposite sides, no shoring 
being used or considered necessary. Twocontinuous shafts 
run along the upper deck, driven from the screw engines. 
These shafts drive powerful capstans for winding up the 
steel wire ropes attached to the wreck, these steel wire 
ropes passing through cast-iron hawse pipes connecting the 
lower and upper decks. The dock is brought over the 
wreck. This, of course, takes p at high water, and 
the dock is then perfectly light. Boats are sent in 
underneath the lower deck and between the two vessels 
forming the sides of the dock. The hands in these boats 
cut the lashings adrift which held the floating booms 

‘The moor- 


together, carrying the steel wire attachments. 











ings of the booms are also cast off. One boom is then 
taken to the starboard, and the other to the port side, and 
the ends of the steel wire ropes are passed up through the 
hawse pipes and attached, one by one, to the winches on 
the upper deck, These winches are put in motion by being 
connected by gearing to the longitudinal shafts driven by 
the main engines. Bach winch is independent, and being 
driven by friction gearing cannot be overwound. As the 
tide falls, all the ropes are simultaneously tightened up, 
and the dock sunk by water being admitted into the 
bottom until the lower deck is nearly level with the water. 
At low water pumping is commenced, and a vertical rise is 
made due to the height of the tide plus the excess of 
buoyancy of the dock over the wreck. As soon as the 
wreck is lifted the dock steams in shore until the wreck 

ounds, when water is again let into the bottom of the 
Sock to sink it, the wire ropes being wound in at the same 
time. The sinking continues us before, until the lower 
deck is close to the water. Pumping is then commenced, 
and another similar fleet in shore is made; the operation 
being continued until the lower deck of the dock is close 
down to the spar deck of the wreck. The last fleet in 
shore is, of course, made at high water. The wire ropes 
are then cast off and the dock floated away from over the 
wreck. During the receding tide a good part of the wreck 
is of course out of the water, when the holes made for the 
attachments can be stopped up, as well as any caused by a 
collision which may probably have sunk the vessel. The 
wreck is then pumped out and thus floated, and the dock 
is sunk, and the wreck brought into the position as 
shown in the diagram. The dock’‘is then again pum 
out until it rises into the position shown, when the 
wreck is perfectly high and dry in the floating dock. 
It will, of course, be evident that all the compartments 
in the dock can be filled up with coal, to enable the 
dock to steam to any desired station; and as the coal is 
burnt, the compartments can readily be filled with water. 
this keeping the dock when under way always at a uniform 
trim. Should it be objected that many stations exist. where 
it would be advantageous to employ such a dock, but 
that at present it is impossible to do so owing to the want 
of suitable harbours, it may be remarked that an efficient 
breakwater could very readily be constructed, which could 
be carried to any desired station by the dock itself. This 
breakwater would consist of a number of triangular-shaped 
floating iron caissons, these caissons being moored by long 
attachments on the weather-side of the dock, Asa wave 
rolled towards the dock it would run up the caissons and 
depresss them vertically. When depressed their buoyancy 
would cause them to rise up and the wave back again 
in the direction from whence it came, by these means 
transforming the kinetic energy of the waves into potential 
buoyancy stored up in the caissons, which can be usefully 
given out in reversing the motion of the waves. By this 
means still water can be secured to leeward of the break- 
water for working the dock. 

Working models in operation will exhibit how all the 
operations described above are carried on. 





RAILWAY CONSTRUCTION. 

Art the meetings of the Institution of Civil Engineers on 
the 14th and 21st of January, Mr. J. F. Bateman, F.R.S., 
President, and Mr. W. H. Barlow, F.R.S., Vice-President, 
in the chair, a paper was read ‘‘ On the best Methods of 
Railway Construction for the Development of New 
Countries, as illustrated by the nog Systems of South 
Australia,’’ by Mr. R. C. Patterson, M. Inst. C.E. 

It was observed that the development of new countries by 
means of railways was the most important function of 
colonial governments. In the case of the Australian 
colonies, especially in Victoria, there had been an unwil- 
lingness to take advantage of the experience and practice 
of older communities ; and the railway policy had been the 
ae feature characterising oppos parties in the 

egislature. Prior to 1867, a gauge of 5 ft. 3 in. had been 
adopted in South Australia, the lines costing considerably 
more than 10,0001. a mile, and the permanent way being of 
a character entirely unsuited to the climate; but in that 
year, owing to popular agitation, a cheaper system was in- 
troduced. The existing gauge was extended, but of a much 
lighter type ; and the 3ft. 6 in. gauge was introduced for 
districts separated from the broad gauge lines. An exten- 
sion of the main line northwards from Adelaide for 70 
miles on the broad gauge had cost 52471. per mile. A de- 
scription of this line, which was of an easy c r, was 
given. The formation width in cuttings was 16 ft. 6 iu., 
and in embankments 18 ft. The permanent way consisted 
of wrought-iron flat-footed rails, weighing 40 lb. to the 
yard, spiked tored gum hardwood cross-sleepers. Stations 
occurred at inter of about 7 miles. The fencing was 
composed of cast-iron straining ts and five rows of 
galvanised strand wire. The rolling stock was of the 
usual character. The present = of trains was 
25 miles per hour. The bulk of the ¢ from the interior 
consisted of wheat and wool. The total traffic, from the 
opening in 1870 to the close of 1877, had been 573,904 tons 
of goods, and 397,931 passengers. The wear of the rails, 
due to much higher rates of speed than had been contem- 
plated, was then referred to. Other lines in South Australia 
of this character had been made and equipped at a cost 
varying from 50001. to 60001. Labourers’ wages had been 
8s. per day of eight hours,.and masons, bricklayers, 
carpenters, and smiths, from 12s. to 13s. The comparative 
advantages and disadvan’ of the broad and narrow 
ga’ were then contrasted. 

character of the line-on the 3ft. 6in. gauge, which 
hod so. far, bose. Sefaibaly, Saed spon 0 the 4 of all the 

r northern lines of railway, was described at some 

- The Port Augusta and Port Darwin Railway, to 
connect the Indian Ocean with the Southern Ocean, which 
would be about 2000 miles in length, afforded a good ex- 
ample of that type. The estimate for the first length 





200 miles from: Port Augusta, including station buildings, 
water supply, workshops, and rolling stock, was 1,008,5001., 
or 50421. mile; but the terms on which some of the 
contracts been let, rendered it probable that the line 
would be constructed considerably under the official esti- 
mate. This portion of the line was described. The ruling 
gradients were 1 in 60, with curves having a minimum 
radius of 5 chains. The highest altitude attained above 
the sea was 1322ft. in the Minders Range, 29 miles from 
Port Augusta. The whole of the country was held by 
pastoral and mineral lessees, and, excepting near Port 
Augusta, no land had to be purchased. Very little fencing 
was needed. The earthworks were generally of a light 
character. The formation width in cuttings was 12 ft. 6 in., 
and in embankments 14 ft. Considering the small rainfall 
(10 in. annually on the average), the bridges and culverts 
were numerous, there being 8750 lineal feet of iron bridging, 
and 570 culverts of 10ft. indiameterasa rule. The bridges 
had masonry abutments; the piers were formed of hollow 
cast-iron screw piles, and the superstracture of wrought- 
iron plate or lattice girders. The piles were filled with lime 
concrete; and for simplicity and economy, only 20 ft., 
40 ft., and 60 ft. spans had been adopted. ‘The author was 
of opinion that these bridges were amongst the lightest 
and most economical ever constructed. The total weight 
of wrought iron in a bridge of 60ft. span, exclusive of the 
crosshead box girder, was 9 tons 12} cwt. with plate 
girders, and 8 tons 24 ewt., where lattice girders occurred. 

he cross-head girder came to 18} cwt. Lime concrete 
had been largely and successfully substituted for masonry 


ped | in the walls, arches, inverts, and wing-walls of culverts, 


the cost having been less than one-half the expense of cor- 
responding culverts in masonry. The culverts were of two 
types, arched and open topped. The proportions of the 
concrete were one part of fresh unslaked lime well ground, 
two parts of clean sharp sand, and three parts of gravel. 
The precautions mneenee in building the culverts with 
concrete were detailed. The permanent way consisted of 
flat-footed rails of wrought iron, weighing 40lb, to the 
yard, spiked to Jarrah-Jarrah cross-sleepers imported from 
Western Australia, — 2 ft. 9in. apart from centre to 
centre, and having a layer of Gin. of gravel. ballast under 
the sleepers. The locomotives, which were supplied with 
a bogie arrangement, were constructed by Messrs. Beyer, 
Peacock, and Co. The carriages were of the second-class 
only. They were entered through doors at the ends. The 
seats were athwart the vehicle, with a central passage be- 
tween them, and they could accommodate 30 passengers 
each. The roofs were double. The bodies of the carriages 
were of Australian timber, which, when seasoned, was but 
little influenced by extreme changes of temperature. The 
wheels were of wrought iron, the tyres and axles of cast 
steel. The axle-boxes were Beuther’s, and the stock was 
fitted with central buffers. The wagon stock was made up 
of low-sided, medium, and covered vans, Each truck was 
limited to carry a load of 6 tons. The ratios of tares and 
loads were, for the low-sided wagon, 1 to 2.105; medium 
wagon, 1 to 1.905; covered van, 1 to 1.714. Well equip; 
stations occurred at intervals of about 20 miles. The 
water supply included the construction of large covered 
concrete underground tanks, each with a capacity for 
600,000 gallons, with over-head tanks and steam pumps. 
The author reve to the evils of the break of 
gauge. Queensland had adopted a gauge of 3ft.6in.; New 
South Wales, a gauge of 4ft. 8hin.; Victoria, one of 
5 ft. 3in., and South Australia had gauges of both ex- 
tremes. 








Mossnene be risky TATE nOAD vHepecel Bese has 
been appointed resi engineer in charge of the North 
Pacific Bailro ad. v 





A Fire Damp InpicaTor.—One of the most interesting 
attempts to indicate dangerous accumulations of fire-damp 
is M. Coquillion’s grisoumétre, an ap tus the action of 
which is based upon the decomposition of hydrocarbons 
by a red-hot palladiam wire, in presence of steam. This 
reaction M. Coquillion used for the analysis of the air of 
the mine. He kas now found that he can replace the 
palladium by _- by the use of which the disadvan- 
tage that the Planté ile cannot be employed, is overcome. 
Recent researches of M. Coquillion have shown that the 
bicarbide of hydrogen detonates more violently than the 
monocarbide, that palladium produces a smaller detonation 
than = ona - oan both — can burn smaller 

uantities of gas. 4 uillion according] laced 
the former by the latter metal in his portable appuetas, 





New Swepisu Navat Arm.—A new rifle has recently 
been adopted for the Norwegian marine, named after its joint 
inventors, Kragg-Pettersson, Mr. Kragg being a lieutenant 
in the artillery, and Mr, Pettersson a Swedish engineer. 
This arm may be classed among repeating rifles, from the 
ordinary form of which, however, it differs in the fact that 
the successive idges are not placed in position auto- 
matically, but require a particular action on the part of the 
operator. The magazine or reservoir is placed in the stock 
below the barrel, and contains nine cartridges, in addition 
to one with which the gun is already load The breech 
action is an adaptation of the mer ger and Peabody 
systems, with the following additional movements. In 
order to reload the gun from the reserve cartridges, the 
movable breech is opened and brought down in such a 
mnnmes an 98 ee and come in line with the after end of 
the reservoir ; by pressing at the fore end of the reservoir 
a new idge is back into the breech piece, which 
is thereupon c! , and the gun is ready for firing. The 

can be loaded in the usual manner if desired, without 
fringing into aetion the magazine, which is filled by slidi 
the es in one after the other from the breech end. 
The mechanism has been found to work well after careful 
experiments, 
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THE ELECTRIC LIGHT. 

A VALUABLE report on electric lighting has re- 
cently been presented by M. Cernesson to the Muni- 
cipal Council of Paris, The report contains so 
much information previously unattainable, that we 
publish it in extenso. We translate the document from 
the pages of our contemporary the Revue Industrielle. 

In a memorandum dated the 26th of November last, the 
Prefect of the Seine submitted to the Municipal Council 
of Paris, a proposition from the Compagnie Générale 
d’Electricité, by which this company requested the con- 
cession for a period of three years, for lighting a num- 
ber of streets and other public places by means of 
the Jablochkoff system of electric illumination. In ac- 
cordance with the recommendations contained in a report 
in this memorandum, on the 30th of November last, the 
Manici Council authorised an extension of the exist- 
ing trials with the light until the 15th of January, 
1879, in order to allow further time for the completion of 
an investigation on the subject of electric lighting in general. 

To assist the committee appointed to this work, the 
following information was at their disposal : the very prac- 
tical report of M. Th. Lévy, engineer to the first section of 
the municipal service, and those of MM. Allard and Fon- 
tayne, engineer-in-chief, and of M. F. Leblanc, gas engi- 
neer. Although these reports were very detailed, they did 
not appear sufficiently so for the new work in hand, and it 
was considered necessary to complete all the information 
obtainable by calling in the engineers of the Ville de Paris, the 
representatives of the Compagnie Générale d’Electricité, 
and those of the gas company. All these ee re- 
sponded to the appeal, and answered fully all the questions 
made. The information thus obtained gave M. Cernesson 
the data upon which his present report is based. This 
report is divided into three parts: 1. examination into 
the various —— relating to electric lighting in general, 
such as the description of apparatus, mode of working, &c. 
2. The comparisons between the lighting power, or the 
relative intensity of electric light and gas. 3. A reswmé 
of facts obtained, and deductions from them. 

Every installation for lighting by the Jablochkoff 
system comprises : 

a. A motor for imparting a high velocity to the magneto- 
electric machine. 

b. A magneto-electric machine, or a combination of such 
machines. 

c. Conductors for transmitting 
currents of the machine to the lamps 

d. One or more lamps. 

The motive power required to drive the magneto-electric 
machines should develop a force of 20 horse power for 16 
lamps, or 1} horse eg lamp. : 
The ma of the Compagnie Générale d’ Electricité 
hope to make a large reduction in this consumption of 
power ; recent experiments lead them to the conclusion 
that the power absorbed will not exceed 1 borse ponte per 
3 lamps. Under these conditions an ordinary Lenoir gas 
engine, developing 4 horse power, should feed 12 lamps, 
but up to the present the economy is prospective, and con- 
sequently the present consumption must be taken as a 
basis. This is 55 centimes* per horse power per hour, so 
that 55x 1.25<-69 centimes per hour and per lamp, or 
practically 7d. per hour. . y . 

The magneto-electric machines produce by induction 
electric currents, which are then transmitted to the lamps. 
Those employed at the Avenue de !’Opera are Gramme 
machines, composed of an electro-magnet in the form of a 
ring, which transmits its current to a second electric 
machine called the machine a lumiére. The speed at 
which the Gramme machine is driven, is 600 revolutions 
per minute, and the currents transmitted by means of the 
‘eight coils are 8 x 600=4800 in each direction. 

he conductors convey the currents from the machines, 
and distribute them to different _—- and according to 
the requirements of the situation. They consist of a cable 
built up of seven wires laid in a bedding of gutta-percha, 
cov: with rubber, and then with an impermeable fabric. 
So made, they are ane being laid in pipe drains, 
the joints of which are carefully cemented. 

The lamp contains one or several Jablochkoff candles. 
Each candle is formed of two small rods of carbon, sepa- 
rated by a slip of composition of plaster and sulphate of 
baryta. By means of an armature at the base of 
the candle, and arranged specially for this purpose, the 
positive and negative currents pass to the points of the 
carbons, and produce a voltaic arc, which plays between 
the two points, or thus produces a light lasting as long as 
the colon and so long as there is no stoppage in the 
transmission of the currents. Such a stoppage may be 
produced from various causes, such as an accident to the 
motor, or to the machine, or simply through a fault in the 
operation of the commutators,t or, lastly, by a damage to 
the conductors 5 stoppage takes place, the lights are eith 

en such a 8 , the lights are either 
partially or wholly etek according to which the 
currents are affected on one or all whe circuits. At the 
Avenue de l’Opera, observations were made with great 
care as to the number of interruptions, their duration, and 
their cause. From May 30 to October 10, 1878, there 
were 66 such jnterruptions, lasting from 1, 2, 3, 5, or 10 

* This expenditure excessive, since the Otto 
engine, manufactured in this country by Messrs. Crossley 
Brothers, consumes only between 21 ft. and 22 ft. of gas 
per horge power per hour at a cost of about ld. 

+ The commutator serves to pass the alternating cur- 
rent from one candle to the other. As a candle lasts only 
on an average 1 hour 40 minutes, the commutator is so 
arranged that it can light a second candle when the first 

is burnt out. With four candles, light can thus be 


the magneto-electric 





maintained for 7 hours without any attention on the part 


of the operator. 


minutes, to 15, 30, 35, and even 45 minutes. Generally 
these interruptions extinguished four lamps at a time; at 
other times 14 or 16 lamps, the total number being 62. 
There are absolutely no means of guaranteeing perfect 
freedom from these interruptions ; the company hope that 
with time and experience they will suc in reducing 
them; but it must be remembered that a total immunity 
from this inconvenience cannot be ex > 

In estimating the power of a light, the unit generally 
taken is a Carcel lamp burning 42 grammes (648 grains) of 
pure oil per hour. In comparing with this standard an 
ordinary street gas jet burning 140 litres (4.94 cubic feet) 
per hour, it is found that the ry so produced equals 1,1, 
that of a Carcel unit. The light p mee de a Jabloch- 
koff candle has been almost exactly determined by M. Th. 
Lévy, by the statements made at the Avenue de Villiers’ 
works belonging to the Compagnie d’Electricité, and by 
M. F. Leblanc, inspector of gaslighting for the city of Paris. 
From these various investigations it has been found that 
an electric light furnishes about 30 Carcel units. But as 
such a light cannot be used naked, but must be protected 
by an opal or other glass, the lighting power will be reduced 
to.18 or 20 Carcels measured on the plane of the light, and 
to 12; Carcels measured on the oblique rays falling on the 
ground. As will be seen, there is a considerable quantit 
of light lost in the pena of the luminous rays throug 
yoke pe glass; this quantity of lost light should be re- 
duced as far as possible; the representatives of the Com- 
pagnie Générale d’Electricité state that their attention 
was directed to this point, and they trusted to succeed in 
it. From the eageng it results that one electric light 
gives on the ground a power equal to 12.10 Carcels, whilst 
a street gas jet gives 1.1, so that the former is 11 times 
more powerful than the latter. But the company, 
on the other hand, state that by increasing the size of the 
jet, and thereby its consumption of gas, the lighting 

wer of the latter can be largely increased. Thus a jet 

urning 200 litres (7 ft.) per hour, furnishes a light 
equal to 1.72 Carcels. In this case, therefore, the electric 
candle would be equal only to seven jets of the enlarged 
type. The gas company state also that vn bo prepared 
to con on any experiments in improved lig ting that the 
city of Paris may desire, either by increasing the consumption 
of the burners, or by modifyi the arrangement of the lamps. 

After me collected and examined all the necessary 
data on the subject the Committee addressed themselves to 
the consideration of the principal question whether the city 
of Paris should to grant the concession for three 
years sought by the Com ie Générale d’Electricité in 
the terms contained in the following memorandum : 

** To the Engineer-in-Chief (Ville de Paris). 

= is, November 19, 1878. 

** T beg to submit to you formally the proposition already 
made relative to the lighting of various parts of Paris by 
electricity. The Compagnie Générale which I represent, 
would undertake to establish at its own cost, and in the 
various places mentioned in the scheme submitted (Place 
and Avenue de l’Opera, Place du Théitre Frangais, Place 
and Boulevard de la Madelaine, Boulevards des Capucines 
and Italiens, Rue Vivienne, Place de la Bourse, Rue du 
Quatre Septembre, Rue de la Paix et Place Vendéme), the 
number of 171 lamps being required for this purpose, 
divided according to the views of the engineers of the various 
sections, and subject to the following conditions : Wherever 
it is possible without interrupting the gas service, especially 
on the refuges at crossing places, the matériel of the city 
would be employed, and would serve to carry the electrical 
Smee ; In places where additional lamps are required, 
they would be furnished by the Society, of a pattern sub- 
mitted to the Administration and accepted by them. The 
cost of lighting, commencing at the usual hour, that is to 
say at dusk, and finishing at 12.30 midnight would be 
63 centimes per lamp per hour. The term of the contract 
would be for three years, dating from the time of installa- 
tion. The Municipal Administration ‘would furnish 
gratuitously to the company the locations required,for the 
installation of the engines and electric machines. Generally 
speaking, these locations would be, amongst other places, 
a site on the ground level, Boulevard Malesherbes, near 
the Madelaine (in a kiosk), and in the basement of the 
Bourse. The society would be authorised to execute in 
the public streets -all the works necessary for laying the 
wires and establishing the system, conformably with the 
municipal regulations. It would have, moreover, along the 
route so lighted the authority to take from the current formed 
by the conductors, branches to feed any private establish- 
ment desiring to use the light. In such a case in order not 
to affect the interests of the Municipal Administration, the 
company would pay per lamp thus led off a sum equivalent 
to the cost of an equal light in gas jets. The company would 
engage, moreover, to undertake at its own cost the relight- 
ing of the gas in the event of the electric lights being ex- 
tinguished, whenever it may be found necessary.” 

he results of the foregoing —— if carried into 
ractice, would be as follows : The number of lamps would 
171, and the cost of lighting would be per hour 171 x 
60= 102-60 (4.101.), or for a year, —— 2073 "tin 


we should have rancs 
102.60 x 2073 = 212,689.80 


(8507.6) 

Lighting by gas as at present costs 34,347.54 (1373.9) 
So that the annual loss by the electric 

lighting would be oe ... 178,342.26 (7133.7) 

An examination into the causes of this extra forms 


the points of departure for the following re : 

If on the one hand the city of Paris is desirous of en- 
couraging any attempt, or any new invention, referring to 
public lighting, in the hope, however chimerical, of arriving 
one day at a more perfect and at the same time a more 
economical system, it should not, on the other hand, to its 
own cost ex! bly such attempts, and mm gen | 


unreasona 





in such a manner as to pay for lighting on terms whic 
would be really an subvention to new lighting com- 











nies. As regards the Compagnie Générale d’Electricité 
it has already, and from its commencement, received a 
ag support from the Municipal Council, since that 

ly has during six months made payments amounting to 
more than 24,0001. This assistance has enabled the com- 
pany to show to the whole world their method of lighting, 
and they have thus derived a large benefit, both from the 
moral and pecuniary support of the Ville de Paris. Under 
these conditions is it expedient to accept the proposals of 
the company in their entirety ? The Committee thinks not ; 
it considers that electric lighting is still in a stage of ex- 
periment, and that it requires numerous improvements, 
especially as rds regularity of pays oy The frequency 
and duration of the interruptions to the light, its increased 
cost requiring the maintenance of appliances for gas illumi- 
nation, involve complication, and consequently an excess 
of cost. For these reasons the Committee almost unani- 
mously recommend a refusal of the yo made, both 
as regards the bases suggested and the terms demanded. 
But at the same time, bearing in mind the advantage which 
would accrue to the city if it furnished the means to insure 
the complete success of this new mode of illumination, and 
the favour which this system has received from the 
public, the Committee believes that it is justified in recom- 
mending a continuation of the system experimentally and 
for one year from the 15th instant, under the conditions 
previously stated. On the other hand, it will have been 
ay from what has been already stated that the Paris 
Company appears desirous of entering into competition 
with the Compagnie Générale d’ Electricité, and to improve 
the present system of lighting. The position of the gas 
company is somewhat delicate; an improvement in gas 
lighting involving a greatly increased consumption signifies 
a corresponding expense for the city, and a resulting net 
profit to the company. It will be, therefore, understood 
that, however they may desire it, the representatives of the 
company cannot propose this alteration. They prefer to 
say nothing, but to continue carrying out the contract made 
with the Ville de Paris. The present arrangement is this : 
The city furnishes the number of lamps, &c., required, and 
the company supplies the gas burnt. Thus the position of 
the company is @ passive one, and it shows no eagerness to 
rush into experiments of improved illumination. But de- 
siring at the same time to act with the Ville de Paris and to 
benefit its private customers, it desires to compete in trials 
tending to obtain the greatest possible advantage from gas. 
The representatives of the gas company state that they have 
already made many exhaustive experiments in this direc- 
tion, and that they are ready to continue them even at 
their own cost. 

As these gentlemen believe there is every reason to hope 
that they can give at a much lower cost, a light equal to 
that furnished by the Jablochkoff system, the Committee 
think it advisable to compare fully the two methods under 
exactly similar conditions. Thus for street lighting, the 
Avenue de l’Opera illuminated by the Jablochkoff candles, 
may be com with the Rue du Quatre Septembre lighted 
by improved gas. For public spaces a comparison could be 
instituted between the Place du Chateau d’Eau and the 
Place dela Bastille. Following the same idea in reference 
to public buildings the Committee recommend the Halles 
Centrales, two similar pavilions of which could be lighted by 
the same methods. Some members of the Committee 
would desire to extend the scope of these comparative trials, 
to light by electricity the facade of the Chamber of 
Deputies, and by the improved gas the front of the Made- 
laine, but the majority declined to entertain this view, 
and have even recommended that the illumination of the 
former building should be discontinued. 

The Committee recommend that the comparative trials 
shall be carried out as follows : 

Jablochkoff System.—1. Place and Avenue de I’Opera 
and Place du Theatre-Francgais. 2. Place de la Bastille. 
3. One of the pavilions of the Halles Centrales.* 

Improved Gas.—1. Rue du Quatre Septembre. 2. Place 
= — d@’Eau. 3. One of the eacllions of the Halles 

entrales. 


_ * The net cost of the Jablochkoff light 





= hour has 
been ascertained by M. Th. Lévy for the 62 lights in the 
Avenue de l’Opera as follows : francs. 
Steam power... om ete oo eee 3.20 
Coal for boilers . ae “ 6.64 
Oil, grease, &c. 1.23 
Wages: eve on eco ie ese 3.20 
Sixty-two candles at 50 centimes each ... 31.00 
46.27 


46.27 


or, per light per hour “44 centimes, or 7} pence 


nearly. From this it will be seen that if, as the company 
hope, the horse power required can be reduced to .33 horse 
power per light instead of 1.25 horse power, a considerable 





difference will be possible, thus : francs. 
Steam power ... 3.20x 33— 94 
Pe a“ 
Coal 64x 33 —1 75 
6.64 is 1.753 
Oil, &e. as a gt gag 1.23x 3 = 320 
Wages, as before 3.200 
Candles ,, om 31.00 
87.118 


S718 =60 centimes or 6 pence. 


or per light and per hour 

It should be borne in mind that although this is supposed 
to be thenet price, 50 centimes for the candle is obviously 
excessive. Ten centimes, or one penny each, should cover 
the actual cost easily, and thus the total of 37.12 francs is 
reduced to 12.32 francs, which give a net cost of 32 francs or 
20 centimes, or twopence per light and per hour. 
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Itnow remains to be considered, under what conditions 


CONSUMPTION OF GAs, PRESENT AND IMPROVED SysTEM. 











































































































these trials — ~ made, i reference 2 the L 
benefit of the Vi ie Paris. price o' -_ es per Inpro 
i and vp hour proposed by the Compagni awe 6 ae Actua, Gas Lieut. 
d’Electricité is extremely high ; but although i it does not 
pear to ta a remunerative price, it cannot be sup : 
that th the Ville bie — — — to pay it. It, Ser ner ne g 3 é 3 3 ' mem in 
a uitable offer the company & price equivaien Priaczes LIGHTED. Cons ? 
to the light furnished, based on the standard gas jet as a i ‘ : g 1000's 
waste for quantity Oca and price. 8 a ; . 4 
be while ee, asserted yaw! 3 ae ae 8 Siz 3 § % . 
equal to 11 gas jets, it appears jus' pay en times the 
cost of one gas jet per hour, that is 11 x .021=.231 francs, 2 BRE $3 E| 328 as 
ie tant oo — cies ae Soc - & a a 
is t t this price may be somewhat in say b. ft b. ft b. ft 
30 centimes per hour. In addition to this concession, oud. Gud. 56. cub. ft. | cub. ft. 
instead of the company undertaking, as in the event of a Rue du Quatre Septembre... oe 8 on ee | ee ee 
ree years’ concession, to es new Ps, a . ye 
their own ccnh, ib is puovesed ut they should be. authorised Place du Chateau d’Eau 58 26.27 |1523.66 | 77 4.97 | 382.69 
to employ only temporary arrangements, may : 
be permitted even wherever ‘possible to make one of Total per hour 92 3213.46 92 457.24 
a ae lamps and fittings, provided the restore them 
t is understood, however, = t undertake 
yee. cost and labour of lighting the y after the | Consumption for one year toans -> ts wold Say 3} thousands poz bow Say 500 ft. per hour 
candles are extinguished, and also do the same | night, say 2073 hours. 2073 x 3.25= 2073 x .5=1037 5700 
thing whenever an interruption in the Slectele light occurs. 
As a _ ye in the pr ce ~— relating = 
to the su of private customers from the street con- | Halles Centrales, one pavilion ... 20 49.7 994 ‘ : 
ductors, the Committee recommend an unconditional - 7“ | c - | aa | "se 
refusal, in order to avoid the possibility “of future compli- 
ioe. The following are the principal conditions to be Say 1000 ft. Say 100 ft. 
ollow ot 
In the Avenue de yo ra, and the two places at the For one year for 4000 hours 4000 x 1=4000 4000 x .1=400 3600 
pet the preservation of the present system of 62 lights, 
including the double candles in the lamps of the Place de 
Yr Opera. Total eee 9800 
2. On the Place de la Bastille the installation of 15lamps. 
ComMPARISON OF Cost IN LIGHTING BY ELECTRICITY AND GAs. 
than 3d. per i) pe hour, and that the total expense 
PROPOSED ELECTRIC bes “The Prefect frames GSS. 
re le Norma Gas Liautina. with the P e ——— = higuing to eo 
Sean % ™ Excess or | System the various places already named. 
seentadioraianmaane bah i Pen eee Cosr. The gas company have offered to furnish 
or nag Cost per | Se e. |Cost per gratuitously the excess of gas consumed on the 
Lights. | Hour. Hour. | Lights _. Hour. tne amount. It will also furnish the necessary 
a if the Ville de Paris undertakes to pur- 
frs. frs. frs. frs. them, in the event of its adopting the improved 
Avenue de l’Opera, Place del’ Syemn, ie Place pr ay 
du Théatre rancais 62 30 18.60 344 021 7.22 
Place de la Bastille... eve 15 30 4.50 101 021 2.12 FOREIGN AND COLON NO 
Total per hour 77 23.10 445 9.34 An Electric Car Signal: —A trial will soon be made wit with 
a new electric car neem patented . 
For one year from dusk to ssldnight, « or for a Sherman and E. eset of Lo Kentucky. Th The 
total of 2073 hours aie e| 2,073 23.10=47,886.30 | 2,073 x 9.34— 19,361.82 oy ee ——* —— a ‘signal Some seen 2 
1411. locomotive, wi! 0 C0! wires hroug 
( ) the cars of a train, and ing at the end of each car 
Halles Centrales pavilion 6 | .30 | 1.80 20 | 021 | 42 flexible cabo, having’ two Faas = seats, canbe =. 
ihe clonal; bet permite eto bo tates mien tee tie 
@ circui 
For one year all the night, or 4000 hours 4000 x 1.80=7200 4000 x .42=1680 5520 separate, and transmit = fhe to that effect to the en- 
(220.801.) gineer. The apparatus can be aj to freight as well as 
sere (em The cost will something more than 
t the signal systems now generally in use. 
Total excess 34,044.48 Madeira and Mamore Railway.—|A schooner which 
(1361.801.) arrived in New York from me last week, brought seven 
men rg Re eg . the and 
3. In the pavilion of the Halles Centrales, the establish- The Committee recommend this Rep yore and that Soee thes mien Kg and they that ii is snow damon. 
ment ne we - six ee. The Cy apes Sana for (or toll ved for A Raye oH made i a roe for 1879. strated that only negroes or be profitably 
ear which will be involved by this arrangement amoun' . ollowing is the o! memorandum 
io 34,044.48 francs, 1361. 80l., as shown by the above wm of the Municipal Council.—The cil, reap eh wry 0 enterprize Only four miles of 
Table. igner ane consideration of the memorandum of the Prefect of 
As for the comparative gas lighting, the Committee re- | the Seine of the 26th of November last, relating to the American Railroad Extension.—The Lae rail- 
commend, after consulting with the representatives of the — rLof the Directo "of Puig rf lighting, ra oaennee an oh the oa i fine bil in 1 878 an _ . 
Paris Gas Company, the following ins tions : the report of the r oO} orks 0! an Soham tention tie On. and pt ee 


1. Bue du Quatre Septembre. The existing g: 
and lamps to the number of fifteen will be uw " ——_ 
on them the large model lamps in store in the Vila Paris 
depts. Each standard will be furnished with a crown of 
eight burners, consuming 1400 litres (49.4 ft. of gas 
per hour. 

2. Place du Chateau d’Eau. There are at present 
77 lamps in place. Of these 19 will be utilised by giving 
each 8 burners, the remaining 58 will have each 4 burners 
omnes | from 740 to 800 litres Ty 2 ft.) per hour. 

3. In the pavilion of the Halles Centrales there will be 
20 brackets with 8 burners each. 

The second Table shows the excess of gas that will be 
consumed. 

As to the price which the Ville de Paris will not be called 
upon to pay for the excess of gas consumed, at the price of 
15 centimes per cube metre (3s. 6d. 1000 poy toes 
is the se ayy he erm the =e jean Ys the 
company ; in , the latter appears to recognise 
the fact that in entering on a trial of this nature, it should 
make a concession in the price, —_ the Committee believe 
that the Ville de Paris will not be called upon to pay for 
the excess of gas consumed more than .05 centimes per metre 

(1s. 2d. per 1000 feet). On this basis the extra outlay 
for would be 9300 x 14=—:542.101. 
e total supplementary estimate to be provided for in 
the improved lighting for the city of Paris during 1879 will 
us be : 


those of the engineers annexed 

third commission, resolve as f 

with the S6ciété d’ 

ments in lighting, for the s 

= = January, oe Seige 
pera, 

Frangais, the Place Ay Bee Bastille. te 


Art. 2. 
not Bee: than 3d. per lig’ 
AFL. 5 T refect of the 


arrange with, the Paris Gas Com 
system of lighting, experimentall 


du Quatre mber, the' 
one of the Pavilions of the 


Art. 4. The improved system of 


cubic feet). 
The sum of 19031. to meet these 
included in the budget for 1879. 


ele 





£ 

1. Excess for electric lighting 1361 
2. - gas... 56s 542 
1903 





2 


on the 


Centrales, which shall be selected by 
"The electric lighting is authorised on the above- 
mentioned sites on the condition that the Ville de Paris shall 


light hour. 
Seine i is also authorised to 


year, from the 15th 


named. 
2. ‘Thoelectric light is authorised on the abore sites, 
condition that the Ville de Paris does not pay more 


, and on the report of the 


Art. 1. The Prefect of the Seine i is anthosined to arrange 
Electricité for further experi 


of one re: nr, dating from th 
, Place du T 


the 
Avenue 
Theatre 


vilion in the Halles 


he Administration. 


for an improved 
‘or one year, from the 


15th of Jan 1879, at the follo laces 
"Sept Play ae  Chatean 
Centrales 


The Rue 
d’Eau ; 
, to be chosen 


gas lighting is authorised 


extra 


for 


for the above sites, on the condition or that the Ville de Paris 
will not be called peed grt the excess of gas 
over the normal quantity, the .05 centimes (1s. 2d. per 1000 


expenses will be 
the following resolutions 
ee et ete 


@ series of ex- 
January, 1879, in 


consumed 





Steel Rails in Bosnia.—A narrow 
be constructed 


ar ig, as the Atchison Tancie. aul Santa Fé, the 
thern Pacific, and the Use eee pares Sets 
course, new lines will be . Mauch will id on 
character of the next harvest. Should that be roehonn 
om one wepedilie. i= Diemeanae os iie 
nsas, 
Nebraska. ‘On’ the other hand, should the harvest be 


unfavourable, immigration be checked, and 
uufsvonzehle, inimigration will probably be cheeked, and 
favourable season. 

New American Steam Line.—The establishment of a new 
steam line from New York for freights exclusively under 
the auspices of the New York Central Railroad Co 
is an event of some importance. 


Bie 


Hi 


narrow gauge line i about ta 6 


in Bosnia. About 


’ 
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have been ordered for this line at various iron works in 
Austria and Hungary. 





THE “GRAHAM” LECTURE. 
Turover the Chemical Section of the enaiel 
of Glasgow there has just been instituted is 
orth to be known as the ‘“‘ Graham’”’ Lecture 





he has made for himself an imperishable name, ots 
as the founder of the — industry, which, althoug 
only about a quarter of a century old, already attained 
to figantic proportions. On being introduced to the 
audience 


Mr. Roberts proceeded with his lecture. He briefly no- 
ticed the influence exerted by the researches of Dr. Thomas 
Thomson, Professor of Chemistry in the University of 
Glasgow, in directing the mind of the future Master of the 
Mint (who, by the way, graduated in that university in the 
year 1823) to the subject of molecular physics. In con- 
nexion with the law of the diffusion of gases, he stated 
oon in the 1799 Priestly had mate on, ny ge . 
the hydrogen rom a& g jar, an 
that in the year 1 the disco of the same phenomenon 
had been made independently by Dibereiner, which circum- 
— aa eae dn as the aie 

int @ experimen us diffusion. 
With some detail Mr. Roberts described a number of the 
experiments by which Professor Graham had been enabled 
to establish the law of the diffusion of gases, her with 
the manner in which he ae the eee o' ieee mo- 
mentum, more especially by observations on viscosity, as 
indicated by their rates of flow through capillary tubes. 
Graham’s law was spoken of by the lecturer as forming the 
basis of the science of mol , while his mea- 
surements of the rates of diffusion proved to e mea- 
sures of molecular iti 


periments of Professor Graham on the occlusion of 

in non-crystalline metals, it was remarked by Mr. Ro 

that he held the view be a pe og when absorbed by the 
metal ium was reduced to the metallic form, in which 
condition he had called it “ hydrogenium”’—a supposition 
which had received strong confirmation from the success 
that had attended the recent efforts made by M. Raoul 
Pictet, of Geneva, to solidify that ee. Inconnexion with that 
point Mr. Roberts quoted from a letter which he had lately 





received from that Cyt eg physicist, in which he said 
it was probable that G ’s indication of the bye | of 
solid hydrogen would prove to be nearly correct. He then 
alluded to the opinion entertained by Professor Graham 
that the various kinds-of matter now regarded as different 
elemen substances might possess one and the same ulti- 
mate or atomic molecule mange | in different conditions of 
movement, the varying d of rapidity of that movement 
constituting in fact the difference between elementary bodies ; 
in other words, if the molecular of a so-called element 
could be changed, that element would be dissociated—a view 
of special interest at the present time in relation to the recent 
researches of Mr. Norman Lockyer. The lecturer concluded 
with the statement that the lecture had not been instituted 
from the merely special interest of Graham’s researches to 
the chemist om the physicist, but in honour of the patient 
labours of a life, the memory of which would be as enduring 
as its work, and to stimulate others to investigate as 
patiently and earnestly the varied phenomena whose basis 
was ‘‘ Molecular Mobility.”’ 

Many of the facts and phenomena referred to by Mr. 
Roberts were illustrated by beautiful experiments, 
and the lecture was made specially interesting by the ex- 
hibition of a quantity of the apparatus used by Graham in 
his famous researches, most of which was exceedingly 
simple. At the close of the lecture Sir William Thomson 
proposed the thanks of the meeting to Mr. Roberts for his 
exceedingly able and interesting discourse, and in the 
course of his remarks he spoke of Professor Graham as 
occupying a ates in physical research similar to that 
held by Kepler in the domain of astronomy or celestial 
mechanics. 


Lonpon AssocIATION OF FoREMEN ENGINEERS AND 
DRAUGHTSMEN.—At the meeting of mere | the Ist of 
February, to be held at the Cannon-street Hotel (7.30 p.m.), 
Sir John Bennett will deliver an address, on ‘‘ The Paris 
Exhibition.” Mr. Newton will preside, and the sitting 
i free to the public. 








The twenty-sixth anniversay festival is fixed for Saturday, 
March 15th, at the same place. 
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ON THE REMOVAL OF RIVER BARS BY 
INDUCED TIDAL SCOUR. 
By I. J. Mann, C.E, 
(Continued from page 431, vol. wevi.) 

Tue foregoing description of the treatment 
adopted for the removal of the bar at the mouth of 
the Liffey, and of the results which have followed, is 
confined as much as possible to a record of the lead- 
ing facts and features of the case ; it may be desirable 
therefore, before referring to those points which 
admit of speculation, to allude briefly to some of the 
principal theories which have been advanced to 
account for the existence of river bars, 

There is perhaps no branch of civil engineering re- 
lative to which greater diversity of opinion has been 
expressed, than the treatment of rivers, anditis almost 
superfluous to remark that much caution is neces- 
sary in attempting to generalise the results obtained 
in any particular instance, the literature connected 
with the subject affording more than one example of 
false conclusions having been arrived at by suffi- 
ciently plausible reasoning. As an illustration the 
author would refer to the account of the Dublin 
river given by Sir J. Rennie, in which, after de- 
scribing the condition of the port, he deduces there- 
from, amongst others, the following general con- 
clusions: ‘‘That it is preferable to make a new 
artificial entrance and deep water channel to a port, 
the natural entrance to which is closed by a bar, 
and whose channel is so obstructed by sandbanks 
and shoals that there is no reasonable prospect of 
obtaining the desired depth, than to encounter a 
great first outlay in attempting to improve it, 
and continually renewed expense of maintenance 
hereafter. The natural causes whichare at work in 
all analogous positions are so powerful, and so con- 
stant, and increasing in their operation, that the 
wisest policy is to avoid the difficulties rather than 
employ time, skill, and money in a contest where 
they must be employed to such great disadvantage.”® 

Time has shown the fallacy of these deductions, 
for by a first outlay probably less than one-sixth of 
that which would be required for the construction 
of a suitable ship canal, the great difficulty of the 
case has been overcome, and the depth on the bar 
already increased to such an extent as to open the 
port to fully 96 per cent. of the merchant vessels 
now afloat. 

From the time that the phenomena of bars first 
attracted the attention of engineers and other 
scientific authorities, attempts have been made to 
devise a theory regarding their formation which 





* “ Rennie on Harbours, 1854,” page 205. 


would admit of general application. Various ex- 
planations are therefore to be found, each of which 
may perhaps be satisfactory with respect to some 
particular instances, every additional investigation 
connected with the subject, however, increases the 
difficulty of generalisation. 

These explanations or theories may for convenience 
be divided into two classes, in one of which the pro- 
ducing cause is referred mainly to the action of the 
river, and in the other to that of the sea; the action 
of the river itself, as the most obvious cause of the 
occurrence of bars, was among the first explanations 
suggested, and has been stated in terms to the fol- 
— effect: ‘‘ The surcharged current of the river 
after leaving the embouchure, meeting with resist- 
ance from the comparatively stationary water of the 
sea, loses its velocity and deposits the material held 
in suspension, the deposit forming a bank or bar.” 
This theory has been adopted by Sir C. Hartley in 
the case of the Danube; the waters of this river 
during floods bear to the sea by its various mouths 
large quantities of diluvial detritus ; at times of high 
floods the bars are further from the shore, and their 
magnitude considerably increased, the flood current 
by its pag eee speed at first deepening the channel 
over the bar, the portion so displaced is carried 
further out from the shore, and there therivercurrent 
checked by the stationary water of the sea precipi- 
tates the particles held in suspension to form a new 
bar; ‘‘as soon as the floods subside the effects pro- 
duced by the strong current ceases, the new forma- 
tions are gradually pared down by the action 
of the waves, the alluvium of the river is preci- 
pitated nearer to the shore, and the bars by degrees 
resume their old position.”* 

Modified in its details; the theory of the deposi- 
tion of material held in suspension has been, and as 
far as the author is aware is still, held by many who 


have investigated the subject.. The manner in which 


the sea-water acts in causing precipitation is thus de- 
scribed by Mr. W. A. Brooks: ‘‘ At. the period of 
the first quarter, the flood tide, by reason of its 

ter specific gravity, occupies the lower stratum 
of the tideway, and like a wedge endeavours to 
force its course up the channel, which it is unable 
to effect, but merely elevates the lighter effluent 
water, the lower stratum of which being checked by 
the opposition of the tidal water, yields to the latter 
the sand or other materials which it was capable of 
holding in suspension previously to its encountering 
the conflicting action of the flood tide, and where 
this takes place the bar is formed.” 








* Minutes of the Proceedings of the!Institution of Civil 
Engineers, vol. xxi. 








Mr. Brooks also attributes the existence of bars 
to the too great declivity of the bed of the river, or 
of its low water surface, near the mouth.* 

On the other hand Sir J. Rennie accounts for 
bars found at the mouths of rivers — 

a flat district by the diminished velocity due to. 
want of sufficient inclination of the bed.t Bars have 
also been referred to the casual circumstance of 
the main current of the flood tide not running in the 
same channel as that of the ebb,} and also to the 
conflicting action of river currents and tides entering 
the sea at right angles with the coast line. 

The bars at the mouths of the Mississippi have cane. 
bably occupied more attention than those of any ether 
river, and for many years have been the subject of 
careful investigation; they were at first accounted 
for in a similar manner to those of the Danube, 
Mr. C. Ellet, however, adopts a different hypothesis, 
and attributes their formation to the action of an in- 
duced counter-current of salt water flowing over a 
soft muddy bottom, from the galt into the river, to 
replace the sea-water carried by the impetus of the 
river current into the gulf, and supposes an eddy to 
be thus produced, the movements of which are in a 
vertical instead of a horizontal plane, This ingenious 
hypothesis has been to some extent corroborated by 
more recent investigation, for the surface current 
over the bars at the South-west Pass is found to be 
generally from two to three miles per hour, but at 
10 ft. below the surface the velocity is reduced 
to one mile per hour, and at the bottom not only 
to zero, but occasionally on a rising tide (spring 
tides in this part of the Gulf of Mexico rise 
18 in.) when the flow of the Mississippi is under 
800,000 cubic feet per second, which is the ordinary 
discharge at high water, the current flows in a reverse 
direction or into the river.§ River action is not, how- 
ever, confined to the transport of material in 
suspension, the coarser and heavier particles of de- 
tritus being a or rolled reve, oes bottom by the 
current, and the Mississippi bars have been recently, 
and with good reason, considered as due more to this 
species of action than to precipitation. 

Those explanations in which the sea is regarded 
as the chief agent in the production of bars are more 
applicable to the rivers and harbours of the United 

ingdom owing to its insular and consequently 
more exposed position. The tendency of the sea to 
produce accumulation of sand, &c., in certain 

* “Treatise on oe of the Navigation of 
Rivers.” By W. A. Brooks. = 

+ Pritchard on Harbours, vol. i., page 17. 

Nautical Magazine. 

f atinatos of Proceedings of Institution of Civil Engineers, 
vol, xl., page 201. 
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situations, noticed by the Abbot Castelli in the 
middle of the sixteenth century, has been variously 
described by more modern writers on the subject, 
and is thus stated by Colonel Emy : “‘ The action of 
the ground (or bottom) waves is the true cause of 
the phenomenon of the bar. In tempests they 
carry with them sand which they deposit when 
met and dispersed by the current of the river.”* 
De la Beche also states that ‘‘the action of winds 
on coasts piles up detritus in the direction of their 
greatest force, heaping up bars at the mouths of 
rivers and rendering the navigation dangerous.” 
On the other hand it has been contended that the 
only materials thrown beyond the line of tranquil 
flotation, consist of substances upon which the 
direct influence of the wind acts, such as timber, 
seaweed, &c., all others being carried out towards 
the sea by the back sweep of the waves.t Mr. 
D. Stevenson, who has devoted much attention to 
the subject, attributes the formation of all such bars 
as those of the Mersey, Ribble, Tyne, &c., solely to 
the action of the sea which he describes as follows : 
“The waves, as is wellknown, throw up a girdle of 
light or heavy material varying with the exposure 
from sand to boulders, round every bay and head- 
land of our coasts, and the entrances to rivers form 
no The effect of this constant action of 
the sea is to form a continuous line of beach across 
the mouths of our tidal rivers and inlets."{ Mr. 
Stevenson does not appear to attach any importance 
to river currents as agents in the production of bars, 
but, on the contrary, observes that according to 
his explanation ‘‘ a sea bar would be formed although 
the outgoing current held not one particle of matter 
in suspension, its only effect being to scour away 
what the waves have thrown up.” 

In support of this explanation the bar at the en- 
trance to Dornoch Firth is referred to, this bar 
occurring 14 miles seaward of the point where the 
River Oykell enters the sea, being of such magni- 
tude that its formation could not be due to the very 
small quantity of detritus brought down by the 
river. Although agreeing with most of Mr. Steven- 
son’s views on the subject, the author cannot but 
regard his statement of sea action as being of too 
general a character, and requiring more definite ex- 
planation or proof. ; 

Dr. 8. Haughton, Professor of Geology in the 
University of Dublin, in evidence before a committee 
of the House of Lords relative to the erosion of 
the cliffs southward of Dublin Bay, states that the 
action of the sea is confined to its surface, that the 
greatest waves will not at a depth of 10 fathoms 
produce a motion of more than 2 in. or 3 in., and 
that the tidal currents moved the sand in a north and 
south direction only, and not on to the coast. Sir 
J. Coode also stated before the same committee that 
none of the shingle came from the sea, but what is 
taken off the shore by one storm is replaced by 
another, in corroboration of which he referred to 
his well-known researches relative to the origin of 
the Chesil Bank, 

The numerous instances of the encroachment of 
the sea on the land prove beyond doubt that the 
action of the sea, instead of wing up material 
has frequently had the opposite effect, and in 
some instances, as on the coast of Hampshire, 
where the depth was formerly such as to admit of 
being easily forded, it has been so increased by 
the action of the waves as to be now sufficient to 
float the largest vessels. Leland, writing of Folke- 
stone, remarks that, ‘‘ the town there by a lykeliod is 
mervelously sore wasted with the violence of the 
se, yn so much that they say one Paroche Chyrche of 
our Lady and another of St, Paul is clene destroyed 
and etin by the se.” 

With reference to the bar at the mouth of the 
Liffey, the author has no hesitation in attributing its 
formation to the combined action of waves and the 
current of the flood tide; the former stirring up and 
keeping in agitation the fine sand of which the 
bottom of the bay is composed, the lower stratum 
of the water becomes therefore surcharged with 
sand which is carried along by the tidal current 
setting across the bay from the south, and heaped 
against the North Bull sandbank, which in the 
author’s opinion has itself formed in a similar 
manner, the bar being nothing more than the sub- 
marine extension of this bank. 
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Fig. 21 represents a section across the bar, before 
the construction of the Great North Wall, taken 
nearly at right angles to the line of low water on 
the North Bull (line E F on chart, Fig. 11, page 430 
of our last volume), the contour of the part below 
low water presenting all the appearance of a sub- 
merged beach. 


NORTH BULL 
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A scheme for the reclamation of the North Bull 
in connexion with the dis of the Dublin sewage 
proposed in 1865, necessitated the interference of 
the port authorities, and by direction of Mr. Stoney 
the author made a series of sections over the Bull 
parallel to the Great North Wall; a comparison of 
these with similar sections taken from . Giles’ 
survey of 1819 shows that since the latter date a 
considerable accumulation of sand has taken a. 
chiefly along the western portion of the south side 
of the Bull, the position of the low-water mark 
being altered to a corresponding extent and carried 
further out to the southward. (See Fig.11.) The 
total quantity of sand thrown up by the sea on the 
North Bull between the years 1819 and 1865 may be 
estimated at about 9,000,000 cubic yards, or at the 
rate of nearly 196,000 cubic yards per annum. 
Fig. 22 represents the sections refe to, which 
are taken at intervals of half a mile, the accumulated 
sand is shown by the shaded part of the figures. 
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At the western side of the great North Wall no 
accumulation has occurred, but on the contrary the 
depth has been increased so that the passage of the 
sand into the harbour, as anticipated by Messrs. 
Gibs and Halpin, has been effectually arrested. 

(To be continued.) 


CANADIAN RAILWAYS.—No. XIV. 
Western Counties Ramway, ANNAPOLIS TO 
YaRMovurtu. 

Tue French dominion in America is a rich 
memory of the past, and one looks back as into a 
romantic vision of dreamland, whilst wandering 
over the few smouldering remains of her once 
powerful fortresses, now fast crumbling to decay, 
and being buried under the sordid associations of 
the present. We see stretched out in apparently 
infinite perspective a great untamed continent, vast 





wastes of forest verdure, mountains silent in 
primeval sleep, being slowly won to civilisation by 
men whose indomitable energy, whose unselfish 
daring, ennobled even the grand undertaking that 
had enlisted their whole-souled enthusiasm. We 
see men of courtly origin, heirs to the polish of 
centuries, with dauntless hardihood put to shame 
the boldest sons of toil, and stand serene in the 
solitude to face the direst forms of death ; and with 
them students pale with the close study of the 
cloister, steeped in antique lore, abandon the con- 
genial retreats of learning to spend the noon and 
evening of their days in the barbarous wilderness, 
and teach with ental assiduity the truths of 
Heaven to the hordes of surrounding savages. Rich 
in historical associations, Annapolis perhaps more 
than any town in America is enwreathed with 
chivalric memories, For 150 years these old blood- 
stained earthworks, the five pointed star of Vauban, 
still perfect, the old brickwork durable as if fresh 
from the kilns of Normandy, and the fortifications 
which ten times changed masters, were witnesses of 
the death struggle successively of barbarism, des- 
otism, and feudalism in this new world of the west. 
ne other town in America alone claims a greater 
antiquity than Annapolis, and the French Huguenot. 
was the founder of both. The genius of Coligny 
foresaw the coming eve of St. Bartholomew, and 
with prophetic eye looked across the Atlantic for 
the land of religious freedom, Sixty years before 
the Puritans had dreamed of Plymouth Rock, a 
Huguenot band from France had commenced a 
colony in Florida. For the purpose intended it was 
a failure, disease and starvation were within, hostile 
Indians surrounded their fort,}and in despair on 
the hill that overlooked the western water stood 
Laudonniere, waiting as he had done for weeks for 
the sail that never came to succour and relieve 
them. The last day that in his enfeebled condition 
such an effort was possible, he climbed to his usual 
observatory to see in the offing, not the vessel he 
expected, but a ship of far more magnificent pro- 
portions, perfect in equipment, and with the white 
flag of peace at her topmast, coming like an angel 
of mercy towards the plague and hunger-stricken 
Huguenots. Her name was the ‘‘ Jesus,” and her 
commander, Sir John Hawkins, was aman who had 
prayed with and blessed his crew on leaving Ply- 
mouth ten months before, and who now ascribed 
his success and preservation to that God who, as 
his chronicler affirms, never suffers his elect to 
perish, Hawkins generously supplied their wants, 
offered them if they wished it a free passage to 
England, treated them in every way as his own flesh 
and blood, and when he left them it seemed as if a 
celestial visitant had miraculously preserved their 
lives. The : Goon ship ‘‘ Jesus” was the pioneer of 
the slave trade ; the black humanity chained between 
her decks had been kidnapped under the pious 
pretence of saving their sons from destruction by 
consigning their bodies to slavery, and she relieved 
the hunger of the colonists to prolong their lives 
scarcely a week for a more tragical destruction. ‘The 
hypocritical slave hunter could be kind and noble 
to one of his own complexion, but no mercy to a 
dissenter from his faith found a place in the breast 
of the Jesuit fanatic Menendez who followed in his 
wake, and the 142 wretched inmates of Fort Caroline 
were pinioned and butchered in succession with 
devilish deliberation before the eyes of the survivors, 
compelled to look on and await their own turn. In 
blood, rapine, and murder, built by slave labour on 
the ruins of the Huguenot colony, the town of St. 
Augustine was founded by Menendez, the oldest 
~ in North America, 
ut neither the murder of Coligny, first and best 
amongst the victims of St. Bartholomew, nor the 
Gtr omtte of the Escorial, who had inspired the 
bigot Menendez to crush the Huguenots of the new 
world, were sufficient to eradicate the doctrines of 
Geneva, or prevent their gradual extension on 
American soil, The surges of civil commotion 
might roll over old France, but the hardy Norman 
and Basque fishermen still plied their avocations on 
the banks and shores of Newfoundland, or were as- 
sociated with the Indians in the more lucrative 
traffic in bear and beaver skins. In all the western 
parts of France men turned their thoughts across 
the Atlantic, not like the Spaniards in search of 
gold and silver, but for the more modest but not 
less certain profits of codfish and walrus teeth. 
Another and a better era was dawning upon France ; 
Henry IV., the old bear-hunting prince of the 
Pyrenees, himself a Huguenot, had drawn around 
him a band of adventurers, and amongst them Le 
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Sieur de Monts, who was empowered to colonise 
Acadia, a region which by his patent extended from 
the latitude of Philadelphia to Montreal. The ma- 
terials of his colony were of a medley description ; 
he had volunteers of distinction, such as Pontrin- 
court, earnest, far-seeing, clever men like Champ- 
lain, and he had used his authority to impress 
‘‘idlers and vagabonds” into his ships. A Huguenot 
himself, he had been compelled to promise that the 
Indians should be converted to the Catholic faith, 
and the ministers of both religions accompanied the 
enterprise. With this miscellaneous crowd, the best 
and the meanest of France, he reached the shores 
of Nova Scotia, and rounding the Western Cape, 
passed through the singular break in the northern 
mountain range at Digby, and discovered the beau- 
tiful basin within. Here Pontrincourt left the ex- 
pedition, begging and obtaining as his share in the 
venture the title to the surrounding land, at the 
head of which he founded the town of Port Royal, 
destined shortly to become the capital of the whole 
peninsula, the gauge of the ownership of half a 
continent, and which after 150 years of struggle 
and contention, merged into the English Annapolis. 
The Western Counties Railway was designed to 
continue the Windsor and Annapolis from this place 
to Yarmouth, 85 miles, making the total distance 
from Halifax 213 miles. It wascommenced in 1873, 
and although the rails are Jaid two-thirds of the dis- 
tance, and construction trains were working over 
this length two years since, at present everything is 
at a standstill, but the prospects are so far satis- 
factory that an immediate resumption of the works 
is by no means improbable. The estimated cost of 
the road was 400,000/., of which the Local Govern- 
ment granted as a subvention 140,000/., and the 
township of Yarmouth 20,000/. Besides these 
substantial presents by different endownments, the 
land for right of way was given free by the counties, 
150,000 acres of wild land was donated by the Local 
Government, and the fee-simple of the Windsor 
Branch was made over to the company by the 
Dominion Government. It is somewhat difficult 
to understand the policy of these numerous bequests, 
which in the aggregate are worth considerably more 
than the cost of the line. The Windsor Branch 
alone cost over 300,000/., and after 20 years’ working 
is only begining to be remunerative, and there is no 
doubt that the Government have paid more for 
this line already, without a mortgage upon it, than 
it will cost. ‘The company have raised less than 
40,0002. by their own subscriptions, and they last 
session obtained powers to raise a loan in Eng- 
land to the amount of 780,000/. This mortgage is 
to bear interest at 5 per cent., which is guaranteed 
by the Government, and it represents over five 
times the amount necessary to complete the railway. 
The guarantee involves the payment by the Govern- 
ment to the bondholders of 39,000/. per annum for 
20 years, and this sum capitalisedis equal to 480,000/., 
which sum has to be paid to the Ottawa Government 
out of the first proceeds, the railway company 
undertaking to pay a sinking fund sufficient in 
20 years to redeem the principal of the loan. The 
sum really wanted to finish the line is 140,000/., 
the interest on which at 7 per cent. is 9800/.; the 
sinking fund to redeem 780,000/. at 1} per cent., 
which wipes it out in 20 years, is 9750/., practically 
the same ; all this crooked piece of financing coming 
to precisely the same result that the simple loan 
of the money necessary to finish the railway would 
come to at the legal Canadian interest, if the com- 
pany had the credit to enable them to borrow it. 
The railway begins by a junction with the Windsor 
and Annapolis line about half a mile from the 
present station at Annapolis, and at the 83rd mile- 
post from Windsor, then running underneath the 
main street, skirts the old fortifications, and crossing 
Lequille river by an iron bridge, 600 ft. long, runs 
over the dyked marshes alongside of the Annapolis 
river, untilit encounters the estuary of the Moose 
river, 8 miles from Annapolis, This is to be crossed 
by an iron bridge, one-third of a mile long, and 
from this to Digby, 18 miles from the commence- 
ment, the line skirts the beautiful Digby basin. 
The village at Moose river, called Clementsport, and 
the district at the back, known as Clements, were 
settled in 1784 by loyal emigrants from the revolted 
colonies, and disbanded soldiers from the war of the 
American Independence ; the front road and village 
being assigned to the loyalists, the next parallel 
road being the Waldeck line, and the second 
parallel being reserved for the Hessian troops. 
About the time of the arrival of these parties, and up 
to the year ]819, the herring fishery in this basin 








was very remunerative, and the numbers of the fish 
were so enormous that the whole district was enriched 
by the sale of them, whilst quantities of an inferior 
kind were used as manure for the land. The herring 
(from the German word “ heer,” an army, referring 
to their numbers and a propensities) is still 
taken largely in this basin and the Bay of Fundy, 
and from 80,000 to 100,000 boxes are coneeny ex- 
ported as ‘‘Digby chickens.” Like the cod-fish 
they are best taken in foggy weather, and the old 
Scotch aphorism, ‘* Nae fog, nae fish,” is as true of 
them as it is of their larger congeners on the deep 
sea banks. 

The blast furnace to the left of the railway at 
Clementsport was formerly working on the same 
class of iron ore as that mentioned at Middleton ; in 
fact, the veins which cross the Moose river, about 
four miles from its mouth, would seem to be identical 
with the Middleton ores, and to run parallel to the 
River Annapolis all through this country. The 
same company worked both places, and at one time 
a quantity of hollow-ware was made at this place, 
which supplied the country round, ¢ 

Five miles further, or 14 from Annapolis, another 
large bridge, intended to be of iron, 2200 ft, long, 
will carry the railway over the Imbert or Bear 
river, The river is navigable four miles above the 
railway crossing to the extremely pretty village of 
Hillsborough, where a large shipbuilding and 
lumbering business is carried on. ‘The mountains 
on each side of the river are very picturesque, and 
three waterfalls, each rendered hideous with a saw 
mill, empty the three branches of the river into the 
common channel forward. These steep hills and 
sunny vales appear to be the habitat of the cherry 
tree, which is here the principal fruit. At the 
season of either bloom or fruit these trees are a 
great ornament to the district, and Bear river would 
be, if there were proper hotel accommodation, a 
favourite resort insummer. As it is a large quantity 
of cherries are boxed up and sent off, and numbers 
of people come here for picnic parties, For sixpence 
aman may eat as many cherries as he can accom- 
modate, but he is required to do his own labour in 
gathering them, or, in railway language, ‘‘ Consignee 
must do his own loading.” 

Three miles further on another bridge, the last 
and longest in this section, half a mile long and 
40 ft. high, takes the train into the pretty town of 
Digby. ‘The steamer from St. John at present calls 
here on her way to Annapolis, but on the comple- 
tion of the railway this will be her Nova Scotia 
starting-point. It is 146 miles from Halifax to her 
wharf here, and 45 miles across the bay, and when 
the train can bring her passengers to this point it 
may do something to restore the through traffic that 
for the present at least as been diverted from this 
route. 

Leaving Digby, the post road for Yarmouth 
follows the shore of St. Mary’s Bay for 50 miles, 
and no more beautiful drive, or better settled dis- 
trict, can be found in America. By a huge mistake 
the railway misses all this, and running at an ave- 
rage distance of three to five miles from the water, 
follows a‘country where there is neither a house, 
nor good land, nor any hope for improvement. 
Excepting at Weymouth, 20 miles from Digby, the 
railway passes through a poor swampy country all 
the way to Yarmouth, 67 miles, which must for ever 
be without any local traffic to assist its not very 
promising revenues. Weymouth is a pretty village 
of about 1000 people, on the navigable River Sis- 
siboo, which is crossed by another heavy bridge, 
1300 ft. long and 70 ft. high, iron superstructure on 
wooden piers. Like the other large bridges over 
the Moose, Bear, and Joggins rivers, this is a draw- 
bridge, and these numerous ‘“ draws,” with the ex- 
pense of attendance and their liability to an occa- 
sional bad accident, are a serious drawback to this 
railway. 

About a mile beyond Weymouth, the railway 
enters the township of Clare, which, unseen from 
the line as it passes through a series of bogs and 
swamps, is along the post road a most interesting 
and picturesque locality, After the Acadians were 
expelled from the district’ between Windsor and 
Annapolis, those of them that were assigned to 
Massachusetts, were permitted, after the e of 
1763, to return to their native country. The same 
frugality and thrift that had distinguished them 
before had enabled them to rise above the want and 
distress incident to their expatriation, and they had 
been in the habit of maintaining, with) their fishing 
vessels, a constant trade in peltry with their old 
friends the Indians, They applied therefore for the 


grant of this district, which in 1768 was appropriated 
to them. It was at that time entirely isolated, its 
only access being by water, and it suited all parties, 
as affording the prospect of leaving them, apart from 
the English, in the enjoyment of their peculiar 
manners, their own lan , habits, and religion, 
Here they were soon joined by their friends, and in 
1800 they numbered 1050 souls. In 1828 they had 
increased to 2038, and by the last census of 1871 
they number in this locality about 6000. A similar 
repatriation took place in Shelburne County, 30 
miles south-east of Yarmouth, where they now 
number 4800, and in the two provinces the Acadian 
descendants are not far short of 40,000 souls. They 
still preserve their former habits and character, their 
cherished customs, religion, and language, their old 
frugality and thrift. Cheerful and gentle in their 
intercourse with each other, strong in their natural 
affections and mutual co-operation, unambitious and 
united, these Acadian communities are models of 
rural industry and happy contentment, 

On the 9th of Juue, 176], a few families from 
Sandwich, a small fishing village near Plymouth 
in New England, of the old Puritan stock, arriv 
at the extreme west end of Nova Scotia to take posses- 
sion of the oe Marshes, that had been 
escheated from the French, and to follow the fishery 
along the shore. A terrible winter succeeded; 
the snow lay 4 ft. deep on the ground for months, 
and the hapless settlers were compelled to subsist 
upon the hides of the cattle they had killed during 
the autumn, whilst one or two actually died from 
want. In the spring six families terrified and dis- 
heartened returned to Massachusetts, leaving thirty- 
eight souls to continue their residence, ‘This was 
the beginning of Yarmouth, which now numbers 
a population of 12,000, with a reputation for enter- 
prise unequalled in Canada. These settlers brought 
with them one small vessel, and shipbuilding in 
connexion with the fishery was one of their earliest 
employments, Subsequently their vessels-found em- 
ployment in the West Indian and coasting trades, 
and shipbuilding, apart from the fisheries, became 
the business that attracted the most attention. 
Although the French in the southern section of the 
county still keep a fleet of fifty or sixty vessels in 
the fisheries, in the town of Yarmouth the carryin, 
trade almost exclusively absorbs the wealth sad 
industry of the people. On the 31st of December 
last, the Yarmouth fleet comprised 288 vessels, 
measuring 142,463 tons, and of these 147 were sail- 
ing vessels from 376 to 1564 tons, under twelve 
years of age, and mostly occupied in the Atlantic 
trade. These vessels were all built along the shores 
of this and the neighbouring counties, and owned 
principally in Yarmouth. They seldom return home 
after once leaving the place of their nativity, work- 
ing principally between the United States and 
Europe, and when by age they lose their classifica- 
tion, they are not often reclassed, but generally sold 
to English parties, who either repair and renew 
their certificate at Lloyd’s, or run them regardless 
of their standing with the underwriters. In Canada, 
however, they disappear in from eight to twelve 
years from the shipping lists and make way for new 
vessels, In these figures only those vessels actually 
owned in Yarmouth are included, and a number 
still remaining on the registry there, but which 
have ceased to be owned in the town, are omitted, 
and hence the number in the registrar’s reports are 
somewhat larger than those here given. From the 
report of the Minister of Marine, lately published, 
the total oing tonnage of the world is 18,393,402 
tons. Of this Great Britain, including her colonies, 
owns 7,677,024 tons. The United States comes 
next with 2,564,980 tons, but this is exclusive 
of the large marine on the great lakes and rivers. 
Norway and Italy come next with 1,391,877 tons and 
1,360,425 tons respectively, whilst Canada, close 
behind, but still fifth on the list, has 1,310,468 tons. 
Of this fleet Nova Scotia has the largest proportion, 
541,579 tons in 2961 vessels, St. John, New 
Brunswick, has on the registry the largest tonnage 
of any Canadian port, Halifax the largest number 
of vessels, but in capacity Yarmouth is second only 
to St. John. 


THe AMERICANS AND New ZEALAND.— Orders have been 
received for a number of cars, to be built by Gilbert, Bush, 
and Co., of Troy, New York, in addition to previous 
for locomotives now bui and almost ready to ship from 
the Rogers Locomotive Works. Within a few da: 
almost all entire orders for fine tools, executed by W. 
Sellers and Co. has gone forward, comprising a complete 
outfit for a railway repair shop also boilers, engines, &c., 
from other manufacturers, all on account of the New 








Zealand Government. 




































110 





ENGINEERING. 


(Fas. 7, 1879. 








RAILWAY ROLLING STOCK AT THE 
PARIS EXHIBITION.—No VII. 

Tue Paris, Lyons, and Mediterranean Railway 
Company are very particular about the correct 
balancing of the wheels of their carriages, as the 
fully recognise the important part which suc 
balancing plays in securing steady running of the 
vehicles, particularly at high speeds. ‘The arrange- 
ments they employ for insuring the balancing just 
referred to were represented at Paris, and we give 
engravings of these in the annexed illustrations 
Figs. 1 to 4, the views Figs. 1 and 2 showing the 
apparatus for ascertaining the balance of single 
ae centres, and Figs. 3 and 4 that for dealing 
with a pair of wheels on their axle. 

The two arrangements we illustrate are identical 
in principle and differ only in details. In that 
shown by Figs. 1 and 2 the wheel centre after being 
turned and Bored has a slightly tapered mandrel 
fitted to the hole in its boss, and is then mounted in 
a frame with the ends of the mandrel resting in 
carefully formed Y’s. If it were possible for the 
wheel to turn without friction between a pair of 
centres like those of a lathe, of course no further 
provision would be necessary, and the extent to 
which the wheel was out of balance might be as- 
certained by applying weights directly to its rim. 
But the friction of such centres would prevent 
small defects of balance from being discovered, and 
to obviate this and to obtain greater delicacy the 
wheel is in the apparatus we are describing carried 
in a frame, which is in ita turn mounted on knife- 
edges, as shown, the line of bearing of these knife- 
edges corresponding accurately with the axis of the 
mandrel] upon which the wheel is fixed. The wheel 
can thus be turned round in the Y's to test its 
balance in different positions, and in each case it 
has great freedom of motion (by the rocking of the 
frame on the knife-edges) without turning between 
centres at all, Scales hung to the frame as shown 
enable the amount by which the wheel is out of 
balance to be ascertained. 

The process of testing the balance of a wheel may 
be divided into two operations, namely, first the 
determination of the direction of the eccentricity ; 
and, secondly, the amount of that eccentricity. 
The determination of the direction of the eccentri- 
city is performed thus: The wheel being mounted 
on the frame in any position is balanced by placing 
shot in one of the scales until the frame is brought 
into the horizontal line, and a mark corresponding 
to a vertical line drawn through the knife-edges is 
then marked on the wheel rim. The weight placed 
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in the scale being allowed to remain undisturbed, | 


the wheel is then turned round within the frame 
until it is found that the weight first placed in the 
seale again suffices to balance it, and when this 
position has been ascertained, another mark is made 
on the wheel rim corresponding to a vertical line 
drawn through the knife-edges. A bisection of the 

between the two marks on the rim thus made 
gives a point removed 90 deg. from that which would 











indicate the direction the wheel is out of balance. 
Next, to ascertain the amount the wheel is out of 
balance, it is turned round until the bisecting mark 
just referred to is brought behind the plumb line 
which marks the vertical thro the knife-edges, 
and it is balanced by a weight placed in one of the 
scales, a mark being made on the wheel rim on the 
opposite side to the loaded scale to indicate the direc- 








Railway Company at Paris, and employed by them 
for testing the values of different lubricants. The 
a re was a at the Paris work- 
ops of the com , consists of a pair of stron 
frames carrying Seainns in which tah a shaft 
carrying a pair of wheels of which the rims are 
placed at the same distance apart as the lines of rail, 
namely, 4 ft. 8$in. Resting on these wheels is 
placed a pair of ordinary carriage wheels mounted 
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TESTING LUBRICANTS ; PARIS, LYONS, AND MEDITERRANEAN RAILWAY. 


operation is then repeated with the wheel turned 
round through 180 deg., and rebalanced bya weight 
placed in the other scale, the mean of the two 
weights being taken as indicating the amount the 
wheel is out of balance. In dealing with a pair of 
wheels mounted on their axle the mode of operation 
is precisely similar. 

e engravings annexed show an apparatus 
exhibited by the Paris, Lyons, and Mediterranean 





on their axle as shown, this axle being fitted with 
a pair of axle-boxes as it would be on a carriage, 
the upper part of the side frames of the machine 
serving the purpose of horn-plates. Resting on the 
axle-boxes are a pair of springs to the endsof which 
loads are applied py means of the arrangement of 
links and weighted levers shown clearly in Fig. 1, 
the weights on the levers being varied as requi 


| A screw is also coupled to the centre of each spring, 
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the nuts of these screws forming wormwheels and 
being connected by a cross-shaft carrying two worms 
as shown. By turning this cross-shaft the two 
axle-boxes can be simultaneously relieved of the 
pressure of the springs, the object being to facilitate 
the starting of the apparatus, as we shall explain 
presently. 

The lower shaft carrying the friction wheels, on 
which the upper or running wheels rest, is furnished 
with a wide belt pulley, and it also has at its centre 
a worm which imparts motion to an ordinary 
governor as shown, this governor making one revo- 
lution for each ten revolutions of the lower shaft. 
The governor actuates a pointer which indicates 






Fig.7. 





testing does not permit of an accurate measure- 
ment of the frictional resistances with the different 
lubricants, but it affords a good mode of estimating 
their practical value, the avoidance of hot bearings 
being rightly considered a matter of great import- 
ance in railway working. 

The last exhibits of the Paris, Lyons, and Medi- 
terranean Railway Company which we have to 
notice in connexion with the subject of the present 
series of articles, are the examples of the arrange- 
ments yee by the company for heating foot- 
warmers for railway i One of these ar- 


rangements—intended for use at important stations 
—is shown by Figs. 1 to 6 on the present page, 




















tubes, as shown, arranged in five rows of four each, 
these tubes being all connected by horizontal tubes, 
which place them in communication with a main 
central tube, which rises from the centre of the 
sliding frame, and works in a stuffing box carried 
by the upper crossbar of the fixed frame. By 
means of this sliding joint the main pipe of the 
sliding frame is in communication with a 
casting in which two cocks are fixed, one serving 
for the supply of water, and the other of steam. 
By this arrangement the twenty hanging pipes of 
the sliding frame can be made to discharge either 
steam or water into as many foot-warmers or 
‘‘ chaufferettes” placed beneath them. 





















































































































ARRANGEMENTS FOR HEATING FOOTWARMERS ; 


approximately on a scale the surface of the 
rims of the wheels in kilometres per hour, The 
friction wheels on the lower shaft, we should 
mention, are mounted eccentrically to the extent of 
24 millimetres (4; in.) so as to impart a slight vertical 
oscillation to the upper wheels when running, and 
thus imitate to some extent the jolting of a carriage 
on the rails. 

The mode of operating is as follows: The axle- 
boxes having been charged with the lubricant to be 
tested, the springs are raised by means of the ar- 
rangement of screws and worm-wheels already de- 
scribed, so that the axles of the upper shaft are left 
free from load. Under these circumstances the 
lower shaft can be started without throwing an 
undue strain on the belt, and when the whole is 
fairly running the springs are gradually eased down 
80 as to im the desired pressure on the axle-boxes. 
In determining the relative value of different lubri- 
cants, that is considered to be the best which 
permits of the highest load upon the bearings and 
the highest speed without heating. This mode of 
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while Figs. 7 and 8 represent an arrangement 
adapted for stations of the second class. In both 
these arrangements the water in the foot-warmers 
is heated to about 185 deg. Fahr. by the injection 
of a jet of steam, a mode of heating which has been 
adopted on several of the French lines, and which 
is much more expeditious than the plan of emptying 
the foot-warmers and refilling them with hot water, 
as is generally the practice here. 

At the large stations of the Paris, Lyons, and 
Mediterranean Railway, each set of plant for heat- 
ing the foot-warmers consists of one or two ages 
pew 4 so-called, and a number of or es, or 

andy three-wheeled trucks, on which the foot- 
warmers can be conveyed from the heaters to the 
carriages, and vice versd. Inthe arrangement shown 
by Figs. 1 and 2 each heater, or herse as it is called, 
consists of a pair of neat cast-iron standards braced 
together at the top, and fitted with a sliding frame, 
which can be raised or lowered by means of the 
arrangement of hand levers provided for that pur- 
pose. The sliding frame carries twenty hanging 





The foot-warmers to be filled or reheated ave 
carried by one of the tricycles shown separately 
in Figs. 3 to 6, above. Each tri¢ycle consists of 
a frame mounted on two carrying wheels with a 
guide wheel in front, the frame carrying a sheet- 
iron casing divided into compartments for receiving 
twenty foot-warmers. This casing is mounted on 
trunnions so that it can be brought into the position 
shown by Fig. 6 for the convenient insertion or 
withdrawal of the foot-warmers, and can be turned 
up into the position shown in Figs, 1 to 5, to enable 
the warmers to be filled or heated, a catch being 
provided for keeping it in either position. 

The mode of operating is as follows: A tricycle 
having been loaded with twenty foot.warmers, ani 
the screw plugs of these warmers having been re- 
moved, is run into position under the heating ap- 

aratus, as shown in Figs. 1 and 2, and the sliding 
rame being depressed each pendent pipe enters ivto 
the corresponding foot-warmer. Under these circum. 
stances the warmers can either be charged with 
water, if empty, or the water in them can be re- 
heated by the injection of steam. The process of 
reheating the water to a temperature of about 
185 deg. Fahr. takes from three to four minutes, 
and one heating apparatus such as shown in Figs, 1 
and 2 working in connexion with a steam boiler 
having about 270 square feet of heating surface will 
reheat 240 foot-warmers per hour, Of course, 
when the foot-warmers are sufficiently reheated the 
sliding frame with the pendent pipes is raised, the 
tricycle with its load run out of the way to make 
room for another, and the screw plugs of the foot- 
warmers replaced, when they are ready for de- 
livery into the carriages. It will be noticed that 
this mode of operating involves much less hand- 
—e of the foot-warmers than that usually adopted 
ere, 
The arrangement of heating apparatus adapted 
for secondary stations, and shown by Figs. 7 aud 8 
on the present page, is similar in principle to that 
already described, but instead of being designed for 
reheating foot-warmers carried in groups on tricycles, 
it is arranged to deal with such warmers arranged 
in a single row in a rack which fixes their positions 
with respect to the pendent pipes of the sliding 
frame, Fig. 7 shows the apparatus with the sliding 


frame in its highest position, while Fig. 8 shows it in 
its lowest position. Each pendent pipe, it will be 
noticed, is. furnished with a cock (as is also the case 
with the arrangement previously described), so that 
any number of pipes can be thrown out of use when 





desired. An apparatus of the type shown by Figs. 7 
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and 8, worked in connexion with a steam boiler 
having about 160 square feet of heating surface, 
will reheat about 150 foot-warmers per hour, 








CLERAC’S ELECTRIC VOTE RECORDER. 
CoNSIDERING the amount of time lost in reckoning 
up the results when voting is carried on by ballot, 
or by any of the older methods, and the inaccuracy 
to which these are liable, it is not surprising that 
various automatic systems giving at once correct and 
rapid registration of votes should have been invented. 
In France, especially, much attention has been paid 
to this subject, and we find that as early as the 
year 1860, M. Saigey, inspector of telegraphs pro- 
posed to the senate of that country to apply elec- 
tricity to this purpose; but the death of that 
gentleman prevented his ideas being practically 
carried out, Later, in 1870, M. Clerac, director of 
telegraphs, Paris. and now well-known in connexion 
with the Edison-Hughes controversy respecting the 
microphone, as the first discoverer of the principle 
of the variable resistance of finely divided carbon 
under pressure, in conjunction with M. Guichenot, 
civil engineer, presented to the Corps Legislatif, 
Paris, a complete electric system of automatic 
voting. Later still, in 1874, M. E. A. Jacquin, an 
employé of the French Telegraph Service, proposed 
to the National Assembly a purely mechanical 
arrangement, having the same object in view. 

The system of MM. Clerac and Guichenot is now 
used for voting in the Chamber of Deputies, Paris. 
It possesses many notable advantages over the old 
methods. For example, it permits the whole 
assembly to see the progress of the ballot going on, 
and consequently, to cast up the results for them- 
selves even before they are proclaimed ; it collects 
the votes and totalises them instantaneously ; it 
records them by permanent marks, and it gives to 
each deputy the means of assuring himself that his 
vote has been properly received and recorded. 
There is no room for false voting. 

On each side of the speaker's chair are placed 
two large presses or cabinets divided into as many 
compartments as there are members in the assembly. 
One of these voting presses is intended to receive 
the ayes and the other the noes, or as they are termed 
in France, the contres and the pours. Each deputy 
possesses a compartment or box for contre in the 
negative cabinet, and one for pour in the positive 
cabinet, and he records his vote in one or the other 
without leaving his seat, by means of an electro- 
magnetic arrangement. On his desk, in front of 
him, are placed two press-buttons (¢ /, Fig. 2), 
which are connected to the two boxes in the cabinets 
at his service by wires in circuit with a voltaic 
battery kept in a side room of the assembly-hall. 
On pressing one or other button, he records his vote 
pour or contre in its proper box, and he is enabled to 
see for himself that it has been faithfully done. 

This is effected as follows: Fig. 1 is a plan re- 
presenting the interior of a compartment or box of 
the voting cabinet s. The apparatus there shown 
consists of an electro-magnet KE, having an armature 
A which acts as a detent, holding back a small 
metal shutter V which is painted a showy colour, 
and at the same time restraining a stout arm 4 which 
is movable round an axis a. The curved tube T, 
which has a slight inclination downwards, contains 
a number of ivory balls, one for each question to 
be voted (twenty are generally sufficient), It has a 
hole in its side, at the lower extremity, which will 
only allow one ball to escape at a time, when it is 
pushed through into the chamber /. A small window 
pane /is fitted into the front of the box which faces 
the assembly. D is a shaft which runs along all 
the boxes in each vertical row of a cabinet, and it 
carries a small lever ¢ ineach box, Its purpose will 
appear presently. 

ow, when the member to whom the box belongs 
resses the corresponding button on his desk, the 
ttery circuit is completed, and a current flows 
through the electro-magnet E in the box; the 
armature A is consequently attracted, it thereupon 
releases the painted shutter », which wheels round 
into the position p' shown by dotted lines, urged by 
a powerful spring r, and presents itself as an indi- 
cator in front of the glass pane /, thus informing 
the voter of the accuracy of his voting. At the 
same moment the arm 4, obeying also the impulse 
of the spring r, pushes a single ball through the 
lateral aperture into the chamber / which conducts 


the ball into a long vertical tube into which it falls. 
This tube, which is so narrow as to hold only a 
single row of balls, one above the other, is a general 





collecting tube for the whole cabinet. It is of glass 
thickly graduated, and each gradation is exactly the 
height of a ball, so that members can read off the 
number of collective votes by the top of the column 
of balls as the voting goes on. When first invented, 
in 1869, there were only seventy deputies in the 
French National Assembly, and one tube was suffi- 
cient to hold all the balls; but as there are now 
seven hundred and fifty members, three tubes are 
necessary. It is worthy of mention, that instead of 
casting up the total by counting the balls, it may be 
done by weighing them. 

When the votes have been taken upon any ques- 
tion: the apparatus is re-set for another voting 
operation, by turning the shafts D from the outside 
of the cabinet. This has the effect of raising the 
shutter v into its first position under the hold of 
the detent A and withdrawing the push-lever 4 from 
the tube T. All the balls are alike, but those be- 
longing to each deputy have his number or his 
name engraved on them, Each box is independent 
of the others, 
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MM. Clerac and Guichenot, however, not content 
with the arrangement described by itself, have 
aimed at recording the votes on paper as they are 
made; a consummation which they have effected 
by means of electro-chemical printing. The same 
current which causes the indicator to appear and 
the balls to fall is made to print the name of each 
deputy and the nature of his vote on a paper re- 
gister. ‘The printing press is very simple. It con- 
sists of a printing tablet composed of a matrix of 
hard rubber insulator, in which are set rows of 
small metal blocks, each particular block having its 
upper face carved in relievo with the name of a par- 
ticular deputy, or the number of his bench, and thus 
forming a block of type. Over this printing tablet 
a plate of zinc is made to fold, but between this 
plate and the face of the tablet a sheet of chemically 
prepared paper is inserted, Blotting or other ab- 
sorbent paper, impregnated with potassium ferro- 
cyanide and ammonium nitrite, and moistened with 
water, answers very well for this purpose. Wires 
are led from each metal-type block to the battery 
and press buttons or signalling keys of each deputy 
(¢é', Fig. 2), and from the zinc cover, so that when 
the printing circuit is completed by closing the 
contact of the press buttons, the current flows from 
the type blocks through the aoe paper to the 
zinc cover, and thence back to the battery, decom- 
posing the chemical solution in its passage, and 
printing the paper with the name on the type block, 
whatever it may be, As this impression is lasting a 
durable record is obtained of the vote. If each 


deputy has two blocks for his use, one of iron and | 7p 


the other of copper, the iron one will give a blue 
mark on the paper, and the copper one a brownish- 








red impression. In this way blue lettering may be 
obtained for his pour votes, and red for his contre 
votes, thus distinguishing their character. A 
single press may, by this plan, serve to operate 
along with the two cabinets; but MM. Clerac and 
Guichenot, for the sake of greater distinctness, 
prefer to employ two separate presses, one for the 
pour cabinet and one for the contre cabinet. On 
each of these presses there is a type block for every 
deputy, in connexion with this particular press 
button and voting-box in the cabinet ; the block in 
the pour press may be of iron, and yield a blue stain, 
while that in the contre eae may be of copper, and 
give a red stain, but with two presses this condition 
is not essential, Fig. 2 represents the complete vote 
recorder of MM. Clerac and Guichenot, combining 
the printing press and the ballot; ¢ 7, as we have 
before seen, are the press buttons installed on the 
deputy’s desk ; and, in order to guard against error 
as much as possible, a small galvanoscope is placed 
between the buttons, so that the deputy can tell 
whether or not the current is flowing properly in 
the circuit, and the printing and balloting is being 
effected. If by any cause the current is interrupted, 
the deputy will know how to correct the default by 
giving a notice to the scrutineer of votes. The 
central organ C of the figure is a commutator, placed 
upon the speaker's desk, for the purpose of enabling 
him to place the automatic voting apparatus only 
at the disposal of the assembly during the time of 
the ballot. It will readily be seen that on closing 
either of the press buttons ¢¢ the circuit is completed 
through the electro-magnet of the deputy’s ballot- 
box, in oue or the other cabinet, according to the 
button pressed; the armature is attracted and 
liberates the shutter v, while at the same time a ball 
is allowed to fall into the collecting tube. The 
shutter v, in closing, makes contact with the stop S 
or S' of the printing press, and completes the branch 
circuit through the corresponding press P or P', 
thus printing the deputy’s name on the prepared 
paper. The galvanoscope being wound with a very 
few turns of wire, it gives but a very small deflec- 
tion at first, while the current only flows through 
the electro.magnet ; but when, in the act of printing, 
the branch circuit through the press is closed, a 
larger deflection of the needle is obtained, and thus 
the latter indicates both acts of the voting, the 
balloting and the printing. A single large Marie- 
Davy element suffices for each deputy. 

This arrangement permits of secret voting being 
carried on, by covering up the cabinets with blinds, 
and substituting blank blocks in the printing press 
for those bearing the marks of the deputies. This 
can easily be effected by a special construction of 
the apparatus, The printing press, indeed, need 
not be limited to voting; it may also be usefully 
employed as a means of calling the roll, and for 
other similar purposes. The multiplicity of electro- 
magnets and other apparatus necessary appears to 
give an objectionable complexity to the system, but 
it should be remembered that every electro-magnet 
is contained in its own compartment and has its 
own independent circuit, so that the individual ap- 
paratus of each deputy do not interfere with one 
another. However, the automatic ballot-boxes are 
not absolutely essential, for voting can be correctly 
carried on by the electro-chemical press itself, thus 
saving all the expense of the former more intricate 
device. The electro-automatic voting apparatus 
we have described is one of those ingenious con- 
trivances- which, although their usefulness and 
economy are apparent to all who understand the 
subject, are not readily adopted in practice, partly 
because of the limited field for their application, the 
force of established habits, and the unscientific train- 
ing of those who are intended to use it. 

In conclusion we should remark that the system 
of M. Jacquin, which is later than that of MM. 
Clerac and Guichenot, closely resembles the latter, 
and consists of an automatic ballot-box, actuated by 
electro-magnetism, but without the addition of an 
electro-chemical printer. The only important diffe- 
rence between the two systems is that instead of 
the chemical printer M, Jacquin provides a pointer 
or style also actuated by the electro-magnet, which 
marks the votes on strips of paper, but in a manner 
which renders them invisible to the assembly. 





Tue American IRON TRADE.—It is considered that 1878 
was, upon the whole, a more active and prosperous year 
for the American iron trade than either 1877 or 1876. 
here was some improvement in the demand for all iron 
and steel products ; and prices, although not satisfactory, 
were well maintained except in the case of pig iron- 
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VERDERBER’S LOCOMOTIVE BOILERS. 

We have received from Mr.Verderber, the inspector-in- 
chief of the Hungarian State Railways, some very in- 
teresting particulars of the results he has obtained with 
anew construction of locomotive boiler of which we now 
publish illustrations on page 114, The peculiar feature 
in this boiler, which has been patented by Mr. Verderber, 
is that the heating surface of the firebox is dispensed 
with, there being employed, in place of the ordinary fire- 
box, a combustion chamber lined with fireproof material. 
The account of the experiments which led to the adop- 
tion of this system of construction can best be given in 
Mr. Verderber’s own words as follows: 

“On most lines of the Hungarian Government rail- 
ways the feed water is very bad, and forms large quan- 
tities of sediment ; consequently the boilers of this com- 
pany need more frequent and extensive repairs, particu- 

arly on their fireboxes, than those of other companies 
having at their disposal a better kind of feed water. 
Under these circumstances I endeavoured, as many other 
engineers have done before, to remove or at least to 
lessen, this inconvenience caused by the failure of fire- 
boxes. Examining the investigations of others, I be- 
came convinced that only by abolishing the water sur- 
rounded fireboxes would there be a possibility of effecting 
a real remedy, and in consequence I tried to solve this 
problem, and contemplated the employment of a cy- 
lindrical tubular boiler combined with a fore-fire of fire- 
proof material for receiving the firegrate. 

“The fact, that the firebox, with a moderate application 
of the blast pipe produces nearly 50 per cent. of the 
whole steam produced by the boiler, has led to the false 
notion that the cylindrical part of the boiler is not 
capable of producing the necessary quantity of steam 
without the aid of the firebox. My observations, however, 
led me to another conclusion. It first struck me why 
the heating surface of the tubular boiler performs 
so little work in comparison with the firebox. The 
reasons for the small capability of the boiler tubes in 
comparison with the firebox are the following: 

“1, The burning gases pass only through a part of the 
tubes, consequently the other part is either quite or 

y out of action. 

‘*2, The temperature of the burning gases diminishes 
during their progressive movement in the tubes, and 
therefore less heat will enter the boiler towards the 
smokebox end. 

«8, Finally, and principally, the deficient heating 
capability of the boiler tubes is accounted for by the fact 
that nearly 50 per cent. of the available heat is absorbed 
by the firebox before the burning gases enter the boiler 
tubes, in consequence of which they cannot possibly take 
up more heat. 

“There is no reason at all why the tubes should 
—at equal temperature and density of the burning 
gases—evaporate less water per square foot of surface 
than the firebox ; I had, therefore, no doubt whatever, that 
if the burning gases at their original temperature could 
be led into the boiler tubes, they would receive the whole 
available heat, and consequently the tubular boiler would 
do as much work without the firebox as with it, that is 
to say, the firebox asa steam generating part of the boiler is 
superfluous. 

“ Although the minute examination of the results of 
the interesting experiments carried out by the; French 
Chemin de Fer du Nord regarding the evaporative 
capability of locomotive boilers published by M. Ch. Couche 
in his work ‘“ Matériel Roulant et Exploitation Technique 
des Chemins de Fer,” vol. iii, led me to the same con- 
clusion, I hesitated to reconstruct a locomotive engine 
before my notion was proved by an experiment to be cor- 
rect. I therefore isolated the firebox from the boiler of a 
locomotive by fitting to it plates covered with fireclay. 
Figs. 1 and 2, page 114, show how the isolation was carried 
out, The plates were placed at a distance of 60 to 70mm. 
from the copper firebox, and the intervening space was 
divided into two parts by means of a diaphragm ab. The 
cold air entered through the conical opening c into the 
space and was led from there under the grate. The tem- 
perature inthe space between the firebox and the fireclay 
covered plate was 300 deg. to 350 deg. Cels. (572 deg. to 
662 deg. Fahr.), whilst the locomotive stood still, and 
70 deg. to 90 deg. Cels. (158 deg. to 194 deg. Fahr.) 
whilst running, according to the speed, upon which the 
draught depended. The locomotive working with a pres- 
sure of 84 atmospheres, the temperature in the space was, 
during work, about half of that of the copper firebox 
sides, therefore not only was no heat given up to the 
boiler by the firebox during work, but the firebox even 
lost a part of its heat to the entering air. 

“The locomotive fitted out with this isolating plate- 
wall was a passenger engine, which took the trains be- 
tween Budapest and Miskolez ten weeks running. The 
result was found to be that 1 kilo. of coal evaporated the 
same quantity of water as before putting in the plate. 
Now, after the locomotive had been in service through 
ten successive weeks, the isolating plate-walls inside the 
sides and crown of the firebox were taken out, and upon the 
same line, with equal speeds and weights, the observations 
were continued, the result showing the same effect as 
regards the heating power of the coal. By means of these 
simple experiments it was clearly shown, that with the 
present dimensions of the cylindrical part of the loco- 
motive boiler, the firebox as a steam-creating part can 
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Locomotive No. 104 has a cylindrical tubular boiler with grate in front, enclosed in firebrick box. Locomotive No. 19 
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easily be dispensed with. If, therefore, some engineers 
pretend to have, or really should have gained favourable 
results by enlarging the direct heating surface, that is 
the firebox sides, then the increased capability of the boiler 
thus gained is not to be accounted for by the larger fire- 
box surface, but probably by the enlarging of the fire- 
grate, as in consequence of this larger quantities of coal 
have been consumed. 

“ The experiment with the isolating plate-walls also 
gave information as to the durability of the fireproof 
material in the firebox. It was noticed that this material, 
if cooled from the outside—as was the case with the 
isolating walls—was not at all altered by the influence 
of the fire. 

‘‘The dispensability of the firebox asa steam generat- 
ing part of the boiler, and the durability of the fireproof 
material, having been clearly shown by the experiments 
with the isolating walls, the reconstruction of a loco- 
motive was decided upon, and for this purpose our goods 
train locomotive No. 39 was chosen, this engine having 
three coupled axles and 36 tons adhesion weight, and its 
copper firebox being defective and requiring renewal. 
The reconstruction was carried out as shown in Figs. 3 
and 4, The tube-plate was put on the end of the cy- 
lindrical boiler, so that the tubes remained of their 
original length ; a casing of 9 mm. plate was pushed into 
the outer firebox casing for receiving the grate. The 
inner sides of this casing were covered with 30 mm. to 
40 mm. (1.2 in. to 1.6 in.) of fireclay (chamotte), which was 
fastened to the plate by small rivetted hooks. The posi- 
tions of the glass gauge, gauge-cocks, whistle, &c., had 
to be accommodated to the construction. 

“ After the so reconstructed locomotive had done 
station service a few days without any complaint, a trial 
trip was carried out on August 11, 1877. The train was 
composed of the locomotive, the tender, and 87 empty 
goods-cars, and went with a speed of about 40 kilos, 
(about 25 miles) per hour. The steam generation was 
normal, the same as with locomotives with common fire- 
boxes. 

“The train went frcm Budapest to Isaszegh (about 
17} miles) without stopping ; after the train had stopped 
at Isaszegh, about 10 minutes, the middle tubes began 
suddenly to leak, and to such a degree that the water 
gushing out from between the tubes and their seats in the 
tube-plate extinguished the fire. The locomotive not 
being able to do any more service was brought into the 
repairing shop. A very minute examination proved the 
tube-plate to be bent in an S-shaped curve and about 
half of the tubes to be loose in their seats. As no other 
fault could be detected the tubes were rivetted up and 
other trial trips were managed. During these the curve 
of the tube-plate remained unaltered, but the leaking of 
the tube seats always took place the same as at the first 
trial trip, after a long stoppage. 

“ The reason for this leaking was as follows: The in- 
tervals between the tube holes of the tube-plate expanded, 
and as the ends of the tube-plate were not exposed to the 
fire and could not expand freely, the copper tube-plate 
was obliged to expand against the tube ends, which caused 
the tube seats to become smaller in diameter, in conse- 
quence of which the tube ends were jolted. When cool- 
ing down took place the holes got into their original 
size, which the{tube ends did not, and of course the water 
rushed out as soon as the cooling occurred. Although 
these first trials did not show that a practical arrange- 
ment had been attained for general use, they clearly 
showed that the firebox as a steam-generating part could 
be dispensed with, and I felt, therefore, justified in con- 
tinuing with the experiments. ‘ 

“To avoid the faults experienced in the locomotive 
No. 39 during the first trials, I resolved to try the con- 
struction shown by Figs. 5 and 6. In this arrangement, 
as shown in Fig. 6, the cylindrical part of the tubular 
boiler reaches into the fire-room, the tube-plate is com- 
posed of two parts, and has a play for expansion both in 
the vertical and horizontal direction. With this system 
I had our locomotive No, 104 fitted up, this being again 





a goods train locomotfve with three coupled axles and 


an adhesion weight of 36 tons. After its reconstruction 
it was put to regular traffic, and ever since it has per- 
formed regular service. 

“On purpose to obtain exact results about the per- 
formance of the locomotive No. 104, yery detailed ex- 
periments were carried out, and to get comparative 
results, parallel trials were made with the locomotive 
No. 19 of the same type with a common firebox. An 
abstract of the results of these triais is shown in the 
annexed Table. For fuel coal from the 8, Tarjau mines was 
used, this fuel belonging to the better sort of brown coal. 

‘The Table enables a judgment to be formed of the 
capability of the boiler without a firebox as a steam gene- 
rating part. The su shows that the locomotive 
No. 104 evaporated 4.55 kilos, water per 1 kilo. of coal, 
whereas No. 19 evaporated 4.62 kilos., that is 14. per 
cent,more. This difference is so trifling, that it could 
not be asserted whether it is to be accounted for by the 
construction, or else by such incidents as will occur 
during trials like these, and the influence of which upon 
the results cannot be determined. 

“ The following points have been noticed during the 
working of the locomotive No. 104 : 

“1, With equal consumptions of fuel the blast pipe 
must be throttled closer than with the common firebox, 
because the burning gases in the isolated fore-fire have 
a much higher temperature than in the common fireboxes 
surrounded with water. Concluding from the quantity of 
water eyaporated by the common firebox, the temperature 
in the isolated fore-fire might have been about 300 deg. to 
400 deg. Cels. (540 deg. to 720 deg. Fahr.) higher ; there- 
fore the volume of the burning gases entering the boiler 
tubes will be 30 to 40 per cent. larger than is the case 
with common fireboxes. 

“2, The settling of the solid ingredients of the feed- 
water, which takes place in the common locomotive 
boiler at the firebox end, occurs in this case in about the 
hind third of the length of the tubular boiler, which 
shows that this part produces the steam, whereas, in 
common locomotive boilers, this is chiefly done by the 
firebox. For this reason this part of the boiler must be 
kept clean, and it is advisable to omit a few tubes in the 
lower part, and to put washing plugs instead ; it has also 
proved very handy in practice to put a manhole into the 
lower part of the boiler, as shown in Figs. 2, 4, and 6. 

“3. The firebox being omitted the quantity of boiler 
water is consequently very much reduced, which causes the 
water level to fall more quickly during work if no proper 
feeding takes place. This can be prevented by an injec- 
tor acting continually, and answering the average con- 
sumption of water. 

“4. The firebox is cased with plate, and the space of 
about 50 mm. (2 in.) is stuffed with slag-wool, conse- 
quently the temperature of the casing-piate is much 
lower than that of a common locomotive. One may safely 
_ his hand upon the casing-plate of the locomotive 

o. 104 whilst working, which one could certainly not do 
on other locomotives. This shows that less heat will be 
given up tothe outside than is the case in locomotives 
with common fireboxes. 

“5. The locomotive No. 104 had at the beginning a 
plate-casing the same as Jocomotive No. 39 (Figs. 1 and 
2); afterwards this casing was put away, and a common 
firebrick lining with arched roof was made (Figs. 5 and 
6), which has worked about five months, and wears very 
well. My apprehension that the brickwork would suffer 
by the shaking of the engine has proved unfounded, 
The fireclay-covered plate-casing has the advantage that 
steam will be sooner raised, because the coating of fire- 
clay (chamotte) 30 to 40 mm. thick, will absorb less heat 
than the massive wall, but the plate-casing being more 
expensive, and apt to scatter down, a simple firebrick 
lining is by all means preferable. 

“For the locomotive engineer the experiments above 
described will be of great interest, they showing that 
the firebox as a steam generator can be dispensed with, 
and that the cylindrical part of the boiler is quite suffi- 
cient for this purpose; that as for the steam generation 
the ordinary dimensions of the barrel are sufficient 
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THE PORTER-ALLEN ENGINE. 


CONSTRUCTED BY MR. CHARLES T. PORTER, ENGINEER, NEWARK, NEW JERSEY, U.S.A. 
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Our two-page illustration this week represents one of 
the Porter-Allen engines, made by Mr. Charles T. Porter, 
of Newark, New Jersey, U.S., for the Albany and Rennse- 
laer Iron and Steel Company, of Troy, New York, further 
details of this engine being given on the present page 
and a perspective view on page 107.. Three of these 
engines are now running in the mills of the company just 
named; one of these has a 22 in. cylinder, with 36 in. 
stroke, and makes, as its maximum speed, 115 revolu- 
tions per minute, driving a 16 in. merchant steel train 
directly connected ; while another has an 18 in. by 30 in. 
cylinder, and runs at a maximum speed of 225 revolu- 
tions, driving a 9 in. steel train by a belt running from 
a 9 ft, drum on the engine shaft to a 44 ft. drum on the 
shaft coupled to the train, giving two revolutions of the 
rolls to one of the engine. Thethird hasa 6 in. by 12 in. 
cylinder ; and it runs at 450 revolutions per minute, 
driving a circular saw set on the projecting end of the 
shaft. 

The design of these engines—as of all made by Mr. 
Porter—is the same, varying only in dimensions, and it is 
shown very fully by the various engravings we now 
publish. The views on the present page and our two- 
page sheet, represent the largest of the engines above 
mentioned, on a scale of 1 in. to the foot. The proper 
speed of this sized engine is from 140 to 160 revolutions 
per minute, but is in this instance limited by that of the 
train, which it has been found cannot be run with ad- 
vantage at a more rapid rate than that above given. 
Both this and the 18 in. engine are fitted to be run also 
at slower speeds, as required for some classes of work. 

The Porter-Allen engine was described, and the leading 
features of high-speed system pretty fully presented, 
in a series of articles from the pen of Mr. Porter, 
published in this journal in 1868. During all the 
years that have elapsed since that time, Mr. Porter 
has devoted himself to the perfecting and introduc- 
tion of this system. It proved to be what the Americans 
would call a “ big job.” Mr. Porter says it has taken a 
good while, but no one has appeared to do it any faster. 
It has had to grow, very much as a tree or a man grows. 
It seems now, however, to have reached its maturity, and 
the recent success of the engines is quite unprecedented, 
Mr. Porter having been entrusted with larger and larger 
orders, and having now on hand one engine of 750 and 
one of 1000 horse power. 

It will be interesting to note the more prominent modi- 
fications that have been introduced into this engine, 
since our readers were first made acquainted with it, 
as it was then being built at the works of Sir Joseph 
Whitworth. These modifications, though of much im- 
portance, have left untouched all the great fundamental 
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features of the engine. We have still in its integrity the 
Allen system of valves and valve gear, in which automatic 
variable cut-off is effected by positive movements, and by 
which high-speed engines of this class are made practi- 
cable. The link driven by a single eccentric appears, as of 
old, one of the standard devices, giving from different and 
appropriate points independent movements to the 
admission and the exhaust valves. The Porter governor 
still, as in London in 1862, and in Paris in 1867, animated 
by changes in the speed too minute for our duller 
senses to detect, adjusts with the nicest accuracy 
the position of the block to the variations in the re- 
sistance. We find again the four-opening equilibrium 
slide valve, introduced into the later engines made 
by Mr. Porter in this country, and also the earlier form 
of the four-opening valve now employed for exhausting. 
The grand principle of utilising the inertia of the recipro- 
cating parts of the engine to diminish the strain on the 
crank-pin and crank-shaft bearings at each end of the 





stroke, the application of which to the Allen engine in 
the Paris Exposition of 1867, gave to it its almost incre- 
dible smoothness of running, still stands the foundation of 
the high-speed system. On the other hand, the principal 
changes in matters of detail have been the following: 
The steam chest was originally made separated from the 
cylinder, and the exhaust valves worked in chambers 
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Note.—When the diagram Fig. 8 was taken, the engine was 
exhausting through heating pipes. 
formed between them. The steam chest and the exhaust 
chambers are now formed on opposite sides of the cy- 
linder, and in one piece with it, while small bonnets give 
access to the valves. 

At the back of the steam valve an adjustable pressure 
plate is introduced, the construction and action of which 
are shown in-the sectional views of the cylinder, Fig. 3. of 
our two-page sheet, and Fig. 4 on the present page. 
This pressure plate is made of a form adapted to 
resist the steam pressure without deflection, and it is 
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against two inclined supports, 
one above and one below the valve, and is sup- 
ported by a bolt screwed through the bottom of the 
chest. If this bolt is backed sufficiently, the steam 
will cause the pressure plate to seize the valve. By turn- 
ing the bolt forward, the pressure plate is raised and 
also moved away from the valve. The pressure plate is 
held in place longitudinally by suitable means. This plate 
has been in use for a number of years with entire and 
uniform success, and proves to be a feature of the highest 
value, The engineer can test each valve for leakage, by 
unhooking the disengaging hook, with which all American 
engines are provided, and working the valves under 
steam by a little starting bar, while an assistant backs the 
bolt under the pressure plate. If there has been no wear, 
the least turning of the bolt will cause the valve to be 
seized. If any is found to have taken place, it can be 
closed up in a few moments. It would seem as if wear 
in any sensible degree ought not to take place, since the 
valves work in complete equilibrium of both pressure 
and current, and even their own weight does not come 
on the seat. In practice, however, it is found that while 
in some cases wear is exceedingly slow, in others it is 
rapid. The causes of it are obscure, but undoubtedly it 
is the result of chemical rather than of mechanical action. 
This pressure plate, precisely as now used, was devised 
by Mr. Allen as long ago as 1863. Its employment makes 
tho equilibrium valve quite perfect, as proved by several 
years use on engines of different sizes. 

The arrangement of the exhaust valves is clearly 
shown by the detail views we publish. These valves 
work under the pressure in the cylinder, and have a short 
movement, each one opening four passages for release. 
Their seats are formed on the covers of the 
chambers in which they work, on which also the outlets 
are cast. The exhaust ports drain the bottom of the 
cylinder, and the exhaust chambers are separated from 
it as much as possible. These valves are very acces- 
sible for refacing. The cover, outlet and seat, in one 
piece, is taken off, and then the valve is merely lifted 
out, refitted to its seat, and laid back again. 

The link gives to the valves admirable movements in 
all respects. The release of the steam is one of the most 
remarkable features of this engine. The movement of 
the exhaust valves being most rapid at the instant of 
release, the steam can be held to almost the end of the 
stroke, and yet the port be opened, as shown in the 
horizontal section, to its full width when the crank reaches 
the line of centres. The diagrams Figs. 8 and 9 on the 
preceding page, taken at 350 revolutions per minute, 
show this instantaneous release, as well as other features 
of the steam distribution. The diagram, Fig. 9, it is to be 
noted, was taken at a time when the exhaust steam was 
being utilised for heating purposes, the engine being run 
with a high back pressure against the piston. 

The eccentric is forged on the shaft, which gives com- 
pactness and truth of construction, and prevents it from 
being shifted by accident or design. The cylinder heads 
are adaptad for the introduction of steam from the boilers, 
but the cylinder, it will be noticed, is not steam-jacketted. 
All the steam joints are formed by scraped surfaces laid 
together, without any packing whatever. The bedplate 
of the engine retains essentially its original form, but it 
is now made much heavier, especially in the plummer block 
and in the hood at the cylinder end. The cylinder pro- 
jects from the bed without any other support, as free and 
unconfined and quite as immovable as the cylinder of a 
vertical engine. Great pains are taken with the crank 
and crosshead pins. These are made very large with 
hardened surfaces, which are finished by grinding to a 
true cylindrical form. The upper and lower sides of the 
crosshead pin are made flat, as seen in dotted lines in the 
side elevation, Fig. 1 of our two-page sheet. 

The construction of the main bearing and crank is 
the result of much study, and presents a marked 
improvement over that seen in ordinary horizontal 
engines. On the line of centres, the force of the steam 
has, as we all know very well, no tendency to rotate the 
shaft, but—especially when applied to it through an over- 
hanging crank—is wholly exerted to bend it. The shaft 
receives no support at all from its brasses to resist this 
force except at the points where these are themselves 
supported. In vertical engines of the best construction 
the brasses, and through them the shaft, are supported 
firmly in the direction of the line of centres, quite out to 
the crank, but in horizontal engines this has been found 
difficult of accomplishment, and on account of the fact 
that the weight of the shaft and flywheel still need only 
vertical support; the necessity for their support also in 
the horizontal direction has not been so obvious. But it is 
nevertheless very real. It is essential to the smooth running 
cf a horizontal engine that an absolutely unyielding sup- 
port for the shaft in the horizontal direction shall be 
provided quite to the crank, and then the shorter the 
distance from this support to the centre line of the 
piston motion, or in other words, the shorter the lever at 
~ extremity ef which the deflecting force is applied the 

tter. 

The sectional views of the main bearing and crank 
(Pigs. 5 and 6 of our two- engraving) exhibit the 
construction adopted in the PorterAllen i with 
a sufficient clearness, and need no fates eee. 
It will be observed that and collars are avoided, 
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pin, the diameter being considerably greater than the 
length, and that the flattened connecting rod barely 
clears the face of the crank disc. 

We have thus briefly noticed a few of the most salient 
points in the construction of this engine, by which a re- 
volution in steam engineering has certainly been most 
successfully inaugurated. It seems difficult to believe 
that engines are run in regular work, year after year, 
with almost perfect smoothness and silence, at speeds of 
200, 800, 400, and even more, revolutions per minute, 
receiving only the most ordinary care, giving no trouble, 
suffering actually less wear in their working parts than 
is usual in slow-running engines, and giving off their 
power most economically and advantageously, but we 
are assured by good witnesses that such is the fact. This 
result, while primarily due to excellence of design, is 
finally insured by extreme truth of construction and ex- 
cellence of work. Mr. Porter has been assured by English 
engineers who have visited him that they have found no 
work in the States to equal that done in his shop. 

Mr. Porter claims to have fully proved that engines 
can now be designed with reference to any specified 
speed, so that they will run best at such speed, whatever 
it may be, not exceeding, say, 600 revolutions per 
minute. In doing this particular attention is paid to the 
weight of the reciprocating parts, and the length of the 
stroke. Mr. Porter’s formula for the initial accelerating 
and final retardating force, when the crank is on the line 
of centres, namely, R? 7n, where R=the number of revo- 
lutions per minute, =the length of the crank in feet, 
and n=.000841, the coefficient of the centrifugal force, 
the product giving this force in terms of the weight of the 
reciprocating parts, is now accepted by engineers as 
correct, its application enables the total pressure on the 
crank, at any given speed, to be equalised through the 
stroke in a remarkable degree. In speaking on this 
point we may mention that the speeds of the 
18 in. by 30 in. and the Gin. by 12 in. Porter-Allen 
engines at the Albany and Rennselaer Iron and Steel 
Company’s works mentioned at the commencement 
of this article, are not the standard speeds adopted by 
Mr. Porter, although that they are not excessive is 
proved by the fact that they are exceeded in ful 
practice. Unless, however, there are special reasons for 
departing from them Mr. Porter always adheres to his 
standard speeds as given in the Table we annex, this 
Table giving the chief particulars of a number of sizes 
of the Porter-Allen engines and being of much interest. 
The powers given in the Table are, we may remark, 
calculated for steam at 80 1b. initial pressure cut off at 
one-fourth of the stroke, the valves being 80 
that steam can be admitted up to half-stroke without 
sensible change in the speed of the engine. As made from 
the standard drawings to work at the speeds given in 
the Table, the reciprocating parts of the engines are of 
such weight as to require an initial accelerating force of 
from 50 Ib. to 60 Ib. on each square of the piston area as 
the mean of the two centres. When higher speeds are 
adopted Mr. Porter makes the reciprocating parts lighter, 
so as to maintain generally about the same conditions. 

The advantages of the high-speed system are so many 
and obvious, and the difficulties which have prevented its 
use are now so completely overcome, that among the 
changes likely to be witnessed in the near future, we 
should not be surprised to see slow-moving cranks and 
ponderous flywheels existing only as relics of the past. 


Krupp AnD Pie Inon.—Herr Krupp is said to have ob- 
tained or & which entirely 











that a novel proportion has been adopted for the crank- 





pment ping bnys contained in it. 


ELECTRIC LIGHTING AT THE 
SOUTHAMPTON DOCKS. 

On the 28th January last, Mr. W. H. Preece delivered 
a lecture at the Hartley Institute, Southampton, on 
“ Recent Scientific Wonders,” and it is unnecessary to say 
that, chief among these, ranked the recent developments 
in electric illumination. The following morning it was 
determined, upon the request of Mr. Hedges, the secre- 
tary and superintendent of the ‘Southampton Docks, to 
test the value of the Farmer-Wallace light, both for in- 
door and outdoor illumination. The places selected for 
the trial were the large export shed used by the Penin- 
sular and Oriental steamers, about 340ft. long and 180ft. 
wide, and the corner of the quay from which the Havre 
and Channel Islands boats start. The Anglo-American 
Light Company, of Hatton Garden, supplied four lamps, 
and Messrs. Wallis and Steevens, of Basingstoke, lent an 
8-horse power engine. This engine has 9fin. cylinders 
and 12in. stroke, a total heating surface of 165 square feet, 
and a grate area of 5.9 square feet. As the trial proved, the 
engine is extremely well adapted by its extreme regu- 
larity and steadiness in running for the purpose of driv- 
ing the dynamo-electric machines. The speed maintained 
was 125 revolutions per minute, and the power was taken 
off by a strap on the 5bft. flywheel, to a pulley ona 
countershaft mounted on an independent frame, and carry- 
ing two other pulleys which drove by belts the Farmer- 
Wallace dynamo-electric machine at a speed of 650 
revolutions per minute. Three of the lamps were placed 
within the shed already mentioned, and the fourth on the 
quay at a point about 420ft. away from the machine. 
The trial commenced at 5 p.m. and was continued until 
midnight, with very satisfactory results. The whole 
area of the shed, 27,000 square feet, was brilliantly illu- 
minated by the three lamps, so brilliantly, as to be prac- 
tically equal to daylight,and this in spite of a dark 
asphalte floor and a blackened roof. The lamps burnt 
with perfect steadiness. The light at the corner of the 
quay was mounted on a lamp-post, and had above ita 
temporary reflector 4ft. in diameter. In spite of this light 
being only at such a small height from the gronnd, the 
space around was brilliantly illuminated for a distance of 
from 250 to 300 yards, and a practical example of the 
value of the light was shown in the advantages it offered 
in embarking the passengers and goods on board the 
Channel steamer, which started before the conclusion of 
the experiment. The brilliancy with which all the 
vessels lying at the quay were illuminated was also a 
striking illustration of the usefulness of this mode of 
illumination. After the Channel steamer left her moor- 
ings the trial terminated; from its satisfactory cha- 
racter it will doubtless be followed by more exhaustive 
experiments, previous to its installation at the South- 
ampton Docks. 





GLoucesTgR Tramwars.—For some weeks past the 
Imperial Tramways Company has been laying down lines 
of rail in Gloucester, but owing to the late hard weather 
the work has been much delayed. There are four main 
lines, all meeting at the Cross, to near W: to 
of Barton-street, eastward 
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ELECTRIC v. GAS ILLUMINATION. 

THE illumination by electric light of the most 
central and conspicuous thoroughfare in Paris for 
the pene during which the great International 
Exhibition was attracting to that city thousands of 
extra visitors from every civilised quarter of the 
globe, has, without any doubt, been the principal 
cause of the remarkable reawakening of public 
interest with far greater keenness than at any pre- 
vious period in the question of the application of 
electricity to public illumination. The electric 
light has been before the world as long as gas; 
its transcendant powers have been well known 
for many years, and it has been publicly ex- 
hibited at intervals during the past half century 
in London, in Paris, and in other places; and 
both at the Friday evening meetings of the 
Royal Institution, and at the conferences of the 
Sorbonne it has been a familiar object for pro- 
jection purposes. As far back as the year 1848, a 
public company was formed, having for its object 
the application of the electric light to street illumi- 
nation, and public displays were then made in 
Trafalgar-square. A similar company was estab- 
lished in Paris soon after, and the question has been 
periodically cropping up at various intervals to 
the present time. In the year 1869-70, a company 
was formed in Paris for introducing the Gramme 
dynamo-electric machine for lighting and other pur- 
poses, and within the next year companies with the 
same object in view were startedin London. Flowery 


newspaper appeared in the rs, 
the apparathe was deascifed in tho adlentific Yceteals, | don collosnea 





but, as far as this country was concerned, the compa- 
nies and their exhibitions, which like a firework set- 
iece had begun with a brilliant display and a great 
eal of noise, like it ended in a few scattered scintil- 
lating sparks and a large proportion of smoke, 
How is it, it may be asked, that an illuminating 


ent ing such transcendant powers as the 
electric light which Sir Humphry Davy discovered 
nearly seventy years , and the uction of 
which has been rendered commercially possible by 
the discoveries of Faraday, Siemens, and Wheat- 
stone, and the inventions of Holmes, Gramme, and 
Siemens, should by the general public have been 
kept bound over for so many years to keep the 
peace towards its contemporary rival, gas? The 
answer to this question must be sought in the fact 
that until last year the public had never had an 
opportunity of seeing for themselves the actual 
application of the light to street illumination. The 
isolated instances of its exhibition in the form of a 
single dazzling, fluctuating flood of light projected 
by a reflector or lens from the top of a building, 
educated but very imperfectly the pore mind in 
the question of the applicability of the electric light 
to general purposes; and, while such exhibitions 
undoubtedly established its pre-eminence among all 
other illuminating agents for powerful intensity, 
they rather added to than removed the common 
prejudices against its introduction for any but very 
special purposes, 

As soon, however, as the public had an oppor- 
tunity, as they had last year at Paris, of seeing a 
whole street, as well as the interior of a great 
building, illuminated night after night with a 
brilliant, soft, steady white light, which gave off but 
an inappreciable amount of heat, without smoke and 
free from deleterious gases, and learnt that all this 
was produced by an electrical machine working in 
some mysterious out-of-the-way corner, and con- 
nected to the lamp-posts by underground wires, the 
public interest was aroused in earnest, and, without 
waiting to ascertain what it cost to bring about so 
charming a transformation scene, away went the 
visitors of the world’s great fair to their respective 
countries, full of the wonders they had seen, but, 
above all, of what they could only regard as ‘the 
light” par excellence “of the future.” Town 
councils and local boards all over the country could 
think of nothing but electricity and the electric 
light, their surveyors were despatched to Paris to 
make reports upon it, and so great was the 
stimulus given to invention that the Patent Office 
was inundated with specifications of ‘improve- 
ments” in electric generators or electric tors. 
It became almost impossible to take up a news- 
paper that was not full of “The New Light,” and 
gas shares were trembling in the balance, while their 
owners were doing the same thing in their shoes. 
In the midst of all this excitement a cry was heard 
from the other side of the Atlantic that the omnipo- 
tent Mr. Edison had discovered a principle and in- 
vented a system by which the electric light could 
be indefinitely divided, and a whole city illuminated 
at a merely nominal cost. In fact it was believed 
that gas illumination was doomed, and that within 
a few months it would become a thing of the peat, 
to be classed among such obsolete relics of a bar- 
barous age as mail-coaches, matchlocks, ringlets, 
periwigs, and snuffers, This announcement, falling 
as it did upon the public mind, already in a condition 
to believe anything and everything of electricity, 
brought down the gas shares with a run, and they 
fell in one week so rapidly that what was 
little short of a panic was the natural result ; but 
we venture to say, with the greatest confidence, 
that had it not been for the very beautiful display 
of the Jablochkoff system for. electric lighting in 
Paris at the time of the Exhibition, and the in- 
fluence it had upon public opinion, no such depre- 
ciation of gas shares could have accrued from the 
publication of an announcement copied from an 
American newspaper. 

It was admitted on all sides that the illumination 
of the Avenue de l’Opera and of the Paris Hippo- 
drome, whether regarded as a luxurious system of 
lighting or as a great advance in scientific, progress, 
was a decided success; and it only remained to be 
known what was the whole cost of its. production, 
for the still more important question to be decided 
was, whether it could be pronounced a success from 
@ practical and commercial point of view. The 
data from which this know was to be derived 
could be obtained only from careful observations 
during a protracted trial, and without such informa- 
from the results of actual experience, 





all estimates of the expenses of the system resolved 
themselves into guesswork, interesting no doubt, 
and possessing a value for certain purposes, but 
founded on no surer basis than speculation. 

The Municipal Council of the city of Paris have 
a erg? claim upon public gratitude for the v 
complete manner in which they have during a peri 
of eight months set themselves to the solution of 
one of the most important problems, not only of 
municipal oon ut of scientific enterprise, and 
the report of M. Cernesson, the engineer appointed 
by that body to look into the whole question, which 


we published iz eztenso in our last issue,* is at once 
the most important and instructive document, and 
the most valuable addition to our knowledge of the 


practical side of the question, that has up to the 
present time appeared in any country. 

From this report it a that the cost of street 
illumination by the ablochkoff system is con- 
siderabl, ter than previous published estimates 
have | e public to SAEpON. It has been found 
that the power required to drive the dynamo-electric 
generators for the supply of rune | to sixteen 
electric candles is 20 horse power instead of 16 horse 
power, as has been hitherto estimated and accepted, 
an increase of no less than 25 per cent., or 1} horse 
power per candle, instead of | horse power, The 
actual cost of the illumination of the Avenue de 
l’'Opera by 62 lamps, inclusive of wages of workmen, 
steam power, lubrication, and candles at 5d, each, 
averages 1/. 19s. 4d, per hour, which is at the rate 
of close upon 73d. per light per hour, and this is 
exclusive of interest on capital, depreciation of 
apparatus, wear and tear, and repairs, The candle 
power of the electric globes in the Avenue de |’Opera, 
measured in a horizontal plane, is equal preeing 
to M, Allard) to 18 carcel burners, or 167.4 norma 
sperm candles each, while its mean value in the 

venue de l’Opera is reduced at the level of the 
pavement to 12.10 carcel burners, or 112.5 candles, 
giving a total mean illumination for the 62 lights of 
6975 candles at a cost of 1/. 9s, 9d, per hour. After 
midnight, when the electric lamps are oxtingsianers 
the street is illuminated by 344 gas jets, each giving 
a light of 10.23 candles, and producing in the aggre- 
gate an illumination equal to 3519 candles, at a cost 
of 5s. 9d, per hour, or a trifle over one-fifth of a 
penny per tight, so that the illumination of the 
Avenue de l’Opera, for a given photometric value, 
by the two sets of lamps as at present installed, 
costs an excess more than 24 times when effected 
by the Jablochkoff electric light than by gas. 

The proprietors of the Jablochkoff Company 
(Société Générale d’Electricité) state that they are 
in ion of means by which they expect to 
reduce the horse power required to drive the ma- 
chines from 1} to 4 horse power per lamp, but this 
is for the present prospective, and until modified 
apparatus been constructed and proved from 
experience to fulfil this expectation, it cannot be 
regarded as anything else. By far the largest item 
of expenditure in the Jablochkoff and in all dynamo- 
electric systems of illumination is the horse power 
consumed, and what is wanted to make the electri- 
city a truly economical illuminating agent, is the 
production of a machine, which by the disposition 
of its parts would offer to the inducting portions 
of the couerees the most favourable presenta- 
tion of those parts in which the electric currents 
haye to be induced; if a machine were con- 
structed which in this respect would excel others, 
other things being equal, greater economy of work- 
ing would be the result, and the same electro-motive 
force would be produced with a less expenditure of 
motive power. The Gramme dividing machine, from 
which the Jablochkoff currents are derived, is far 
from realising this standard, and is in this particular 
very inferior to the Gramme continuous current 

ine by which its magnets are excited, The 
most economical apparatus yet introduced is the 
Siemens, or as it is sometimes called the Hefner- 
Alteneck machine, but the continuous current 
Gramme machine of the latest construction follows 
it very closely. At the present time, when the 
subject is attracting such vast attention in the 
scientific world, and when so many workers are 
in the field, it is impossible not to feel con- 
vinced that the time cannot be distant when dis- 
coveries and inventions will be given to the 
world which will solve the great commercial pro- 
blem of cheap electricity, or at least so reduce 
its cost of production that can have no chance 
of success in competition with it except for domestic 


purposes. 





* See ENGINEERING, page 104 ante. 
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The extensive application of the electric light in 
Paris and its establishment in several parts of London, 
has, by raising the standard of street illumination, 


put the gas companies on their trial. The panic] po 


which has taken place in the share market has 
taught them a lesson, and the conviction is forced 
upon them that if they are to keep their ition 
they must supply a far superior article for the 
money they receive, than they have hitherto — 
in the my days of their monopoly. Both in 
London and in Paris the gas companies have offered 
to compete with the electric light by illuminating 
certain thoroughfares at their own cost with gas- 
lights constructed to show the highest capabilities 
of gas illumination ; and the public will soon have 
some rare opportunities of comparing the relative 
merits of both systems when each has been carried 
to the highest perfection that present knowledge 
can suggest. An exceedingly interesting trial is 
about to commence in Paris, and important places 
and thoroughfares in close proximity to one another 
will be illuminated respectively by improved gas 
and by electric light, and pitted against one another. 
Thus, while the Jablochkoff will remain in action 
in the Avenue and Place de l’Opera, the Rue du 
Quatre Septembre, which leads out of it, will be 
lighted by the improved gas, and while the electric 
light will be installed in the Place de la Bastille, it 
may be compared with the new iy illumination to 
be established in the Place du Chateau d’Eau, an 
open space very similar in conditions and size. And 
further, in order to test the comparative merits of 
the two lights for indoor illumination, one of the 

vilions of the great central market of Paris is to 
be fitted with the electric light, while a precisely 
similar building will be lighted by the gas ; thus two 
important streets, two similar open spaces, and two 
equal-sized buildings will serve as fields of com- 
parison the one with the other for a period of 
twelve months, and judging from the completeness 
with which the Municipal Council of the Ville de 
Paris investigated the question of the electric light 
as working during the last six months in the Avenue 
de l'Opera, we may confidently look forward to the 
most valuable results from the competition which 
has already commenced. 

It must not, however, be lost sight of that in 
competing with the Jablochkoff system the gas com- 
panies have to face by far the least formidable rival 
of all the systems of electric illumination, for it is 
a notorious fact that the Jablochkoff in its present 
position is the most expensive and extravagant of 
all the systems by which the electric light is applied, 
They may, therefore, be able to hold their own in 
competing with that system, while in attempting to 
oppose another system they may utterly fail. Their 
wisest policy, therefore, isto look the signsof the times 
fully in the face, and to row with the stream of pro- 
gress rather than attempt to stem a current, which 
cannot be successfully opposed. Gas companies 
will inevitably have to supply better gas at re- 
duced rates, and to do this they must use greater 
economy in its production, and depend to a larger 
extent upon the profits arising from the sale of 
its products, which it has been said can pay the 
whole cost of its manufacture; of these coke and 
retort carbon will have an enhanced value given to 
them through an extensive establishment of the 
electric light, for the latter will be greatly in demand 
for the manufacture of carbons, until some more per- 
fect substitute has been discovered. ‘There can be no 
doubt that with the introduction of the electric light 
will come a large demand for gas engines, and the 
= of fuel for driving them will become a 

uable branch of industry for the gas companies, 
but the gas so supplied, whether it be utilised as 
an explosive agent within the cylinder, or as a 
gaseous fuel for heating steam boilers, must be a 
very different substance to that supplied for illumi- 
nation purposes, which should be rich in carbon, 
while gas for heating or explosive purposes must be 
poor in carbon and rich in hy en. 

It is only by facing the position, und attending to 
these matters, that ge companies car hold their own 
against such formidable and ever increasing rivals, 
and while the suicidal action of absurdly under-esti- 
mating the strength of their opponents may bolster 
up the more ignorant of their holders with the 


belief that there is no antagonist to fear who is 
worthy of their steel, it can have no effect upon 
those whose opinion can influence the share market, 
except to convince that a case that, requires such 
special pleading must be a far worse case than it 
really is. 

We have before us a document which would be 








very strong evidence to any one who knows any- 
thing whatever of the subject of electric illumina- 
tion, that the authorities of one of the most im- 
rtant gas companies in the country are becoming 
terrified at the appearance of the electric light. 
This is the “‘ Report of a Committee appointed by 
the Court of Directors of the Gas Light and Coke 
Company, to investigate the question of producing 
Light by means of Electricity, together with its 
Cost and Illuminating Power, as compared with an 
equal amount of Light when produced by Gas,” 
and in which Tables are given purporting to show a 
true statement of the comparative costs of lighting 
by.electricity and by gas respectively. 

The comparison was instituted between one small 
Siemens machine and lamp giving a photometric 
value of 1727 candles, and four sun burners each 
containing 63 jets and consuming 190 ft. of gas 

r hour, or 760 ft. for the four lights. These 
ights were all installed in a room at: the chief office 
of the company in the Horseferry-road, West- 
minster, 98 ft. long, 45 ft. wide, and 28 ft. high. The 
experiments were continued over 1000 hours, and 
the assumed results are, as stated, tabulated in the 
report. As may be expected pains are taken to 
adduce every circumstance which facts and probably 
imagination could suggest to the disadvantage of the 
Siemens light. Thus, it is remarked that there is a 
danger of fire arising from the falling of white- 
hot pieces of carbon, the light is offensive in smell, 
causing headache, and damage to the eyesight, 
injury is done to colours, ‘‘a cadaverous appear- 
ance” is imparted to all within the influence of 
the light, &c. There was also discovered ‘a 
strong pungent smell,” the throwing off of car- 
bonic acid and nitric acid, and the development of 
a considerable amount of heat. We presume in 
reference to this last allegation that it is inferred 
that the heat produced renders the light unsuitable 
for the illumination of rooms. It is needless to 
pursue these criticisms ; ree | are conceived in the 
same spirit of narrow-minded opposition that at 
the beginning of this artes | fought against the 
introduction of gas, and are altogether unworthy of 
serious consideration. That these reporters, who- 
ever they may be (their names do not appear), have 
not taken the trouble to inform themselves as to 
actual facts isevident from their remark : ‘‘ Although 
the electric light has in a few places been exhibited 
in the open air, we are not aware of its having been 
tried in any theatre or similar place of public resort.” 
These gentlemen must be totally unaware of what 
has been done in France in the way of lighting 
public buildings, workshops, &c, 

Passing on to the consideration of the alleged 
results obtained by these experiments, we find that 
Table No. I. gives the amount of capital required 
for obtaining the Siemens light, burning 1000 hours. 
Here it is: 


One six-horse engine and boiler with £ s. 
fittings complete ae a ie 200 0 
One dynamo-electric machine with lamp, 
conductors, and fitting complete ... 150 0 
350 0 
Expenses for working : 
Interest at 5 per cent. on 3501... a 17 10 
Wear and tear at 10 per cent. on 3501. 35 0 
Fuel for engine working for 1000 hours 
in a year, including loss incurred in 
getting up and letting down steam at 
ls. 6d... eco eve jen ve 75 0 
Labour attending engine and boiler and 
lamp at 1s. 6d. ... - sso ove 75 0 
Carbons, including water, at 5d. per 
hour... -" ine “ see 21 0 
Oil for electric machine, engine, &c. ... 410 
228 0 


or 4s. 6d. per hour 
Table No. II. refers to the cost of obtaining the 
same amount of light by gas with a consumption of 
540 ft. per hour : 


z s. 
Four sun burners fitted complete with 
electric apparatus for lighting same 100 0 
Expenses of working : 
burning 1000 hours, 540,000 cubic 
feet at 3s. Gd. ... am we ot 94 10 
Wear and tear of burners at 5 cent. 5 0 
Interest of capital at 5 per -_ we 5 0 
Attendance for lighting, &. ... - 5 0 
109 10 


or say, 2s. 3d. per hour. 
The first point which occurs in reading this 
statement is the unfairness of comparing the cost of 


one, the cost of constructing a gas works to produce 
exactly the amount of gas consumed should be 
allowed for, together with the increased expenditure 
in wages for manufacture, waste, depreciation of 
capital, &c. The second point is the ridiculous 
assumption that 1000 hours represent a fair year’s 
work ; this means only three hours per day, and 
should be doubled at least; the third point is the 
statement that the cost in fuel for the four-horse 
power absorbed was ls. 6d. per hour, or 42/6. per 
horse power per hour. 

Corrected, the estimate of cost of the Siemens 
light should be as follows: Assuming the produc- 
tion of ten lights instead of one to app some- 
what more nearly the condition of manufacture of 
gas on a large scale, and increasing the hours 
rom three to six per day, so as to approximate to 
the average condition of a year’s work. 








£ s. 
One 40 horse power engine and boiler... 2000 0 
Ten dynamo-electric machines with 
lamps, &c., complete... o ose 1500 0 
3500 0 
Expenses for working : 
nterest at 5 per cent. on 35001. as 175 0 
Wear and tear of engine and boiler 
7% percent.  ... pen ms. ba) 150 0 
Wear and tear of machines, lamps, &c., 
10 percent... Pe. she ne 150 0 
Fuel at 41b. per HP. per hour, with coal 
at 20s. per ton, and allowing one- 
sixth of time of working for fuel used 
in getting up steam and ing fires 
running 6 hours per day=4%40x2190 
=156 tons at 20s. <A on 156 0 
Engineman a : 75 0 
Lampman ... ae Sen aaa an 75 0 
Carbons, including waste, at 5d. per 
hour=5 x 10 x 2000= ... ove pet 416 13 
Oil for lamps, engine, &c. 99 0 
1287 13 


or 15.45d. per hour, 

The above estimate allows liberally in all respects 
for the various items of expenditure, and ico 
conclusively that instead of the electric light cost- 
ing twice as much as gas, it is only about 50 
per cent., or allowing for a loss of 50 per cent. 
for obscuration behind opaline globes, the cost 
is brought to 2s. 7d. per hour, as compared 
with 2s, 3d. per hour for gas, glaring from the sun- 
lights in their full force and without any protection. 

Finally, the reporters make acomparison of the cost 
of the Siemens light produced by the aid of a gas 
engine ; and here they fall into a curious error, for 
although desiring to show the greatest possible ad- 
vantage from the use of gas in a motor, they 
actually allow a consumption of 40 cubic feet of 
gas per horse power per hour for the Otto engine, 
whereas the real consumption of that engine does not 
exceed 22 ft. per hour, and the expense, instead of 
standing in their estimate at 40 x 4 x 1000= 
160,000 ft. at 3s. 6d. =28/., it should be 22 x 4x 1000 
=88,000 ft. at 3s. 6d.—15/. 8s. This is but a small 
matter, but should be pointed out in justice to the 
Otto engine. 

We think we have said enough to show the utter 
worthlessness of this report to the directors of the 
Gas Light and Coke Company. It is to be regretted 
that the writers should not have addressed them- 
selves to a fair and reasonable investigation of the 
question, instead of making absurd statements 
which fall to pieces on the most superficial investi- 
gation. Such a report may have a temporary effect 
in inflating the value of gas shares, but its ultimate 
result cannot fail to be unfavourable, 





THE PARIS CONGRESS. 


IN continuing our notice* of the Paris ‘“‘ Congrés 
de la Propriété Industrielle,” the question we have 
next to deal with, respecting patents, is one un- 
doubtedly of the hightest importance, especially 
when such an authority as Earl Granville, whilst 
pointing out that the newest inventions contain 
something old, and are hardly ever perfect, 
and that the progress made has been per- 
fectly extraordinary, tells us (speaking at the annual 
meeting of the Hanley School of Art, on the 4th ult.) 
‘ there is no sceptic who can disbelieve that our posi- 
tion for the future will greatly depend upon the judi- 
cious and increased application of science and art 
to the manufactures ot this pores These are 
very strong words, but unquestionably they are true, 
and they hold as cts other countries be- 





roducing one electric light with that of gas at 
8. 6d. per 1000 ft, To make the comparison a fair 





sides our own. Even Germany has discovered how 
* See ENGINEERING, vol. xxvi., p. 439. 
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thoroughly suicidal was her past policy of strangu- 
lation as applied to inventions for which patents 
were sought; and at the present time the patent 
law of that country, notwithstanding its inherent 
vices, is administered in a spirit of liberality towards 
inventors. Such liberality is strongly favoured by 
the resolution of the Paris Congress on the question 
whether applications for patents should be subject 
to preliminary examination or not. This was for 
many years a vexed question, which may now be 
taken as settled. Following in the wake of im- 

ortant meetings on this side of the Channel, the 

aris Congress decided that patents of invention 
should be granted to any applicant at his own risk ; 
but that nevertheless it is desirable the applicant 
should receive a previous secret opinion, notably on 
the question of novelty, so that he may, at his 
option, maintain, modify, or abandon his claim. 
As may be readily supposed, when the comprehen- 
sive character of the assemblage is borne in mind, 
this important resolution was not arrived at until 
after a prolonged and animated discussion. In- 
deed, at the sectional meeting it had been actually 
resolved, after considerable discussion, that patents 
of invention ought to be granted to applicants 
at their risk, without any preliminary examina- 
tion. When this resolution came before the full 
Congress, Mr. Lloyd Wise, on behalf of the 
Society of Arts, submitted the resolution that body 
had adopted, on his motion, in March, 1877, when 
the Attorney General’s Patent Bill was under dis- 
cussion. ‘This resolution, whilst admitting the 
principle of preliminary examination as to novelty, 
provided that no adverse report of an examiner, even 
with a right of appeal, ought to preclude an appli- 
cant from obtaining a patent, at his own cost and 
risk ; and, further, that reports containing opinions 
of Patent Office authorities ought not to be made 
public, but that opportunity should be given to the 
applicant of amending his specification, by inserting 
reference to matters discovered by the authorities, 
with a definite statement of what he nevertheless 
claims. In this form, however, the resolution was 
not acceptable to the members of the Paris Congress, 
and various alternatives were suggested. 

Among the proposals before the meeting, was the 
following, by the Association for the Reform and 
Codification of the Law of Nations: ‘Before a 
patent is granted, the applicant or his agent 
should deposit a complete specification, fully 
describing the nature of the invention and the 
manner of carrying it into practical effect ; oppor- 
tunity should be given for opposition ; and the in- 
vention should be examined with reference exclu- 
sively to the following points: (a) Whether the 
specification is clear. (4) Whether the invention 
is contrary to public morals; or (c) wanting in 
novelty, regard being had solely to prior publica- 
tions in the patent office of the country. <A prior 
publication, to be fatal, should come strictly 
within one or other of the following conditions: 
(a) It should not be more than twenty-one 

ears old, and be in the form of a full description, 
identical with the applicant’s description. Where 
a patent has been applied for in one country, sub- 
sequent publication of the invention during a limited 
period, say twelve months, should not necessarily 
prejudice the original applicant’s right to patents in 
other countries. (4) If the pret description be 
more than twenty-one years old, it should be proved | 
that the identical invention, as claimed by the appli- 
cant, has been openly used within twenty-one years 
last past. Should some parts of the invention come 
within these objections, the applicant should. be 
allowed to amend his specification. Subject as 
above, patents should not be refused, except in 
cases of fraud ; or when the invention is contrary to 
public morals, Reports and opinions of examining 
authorities, as respects applications for patents, 
should not be open to the public, except so far as 
they relate to proceedings in cases of opposition.” 
The Society of Engineers and Architects of 
Austria, and the Industrial Society of Lower 
Austria, submitted suggestions to the effect that 
when the administration had found the application 
for a patent to be in proper form, and the invention 
patentable, the application should be published, 
whereupon the applicant should have the rights of a 
patentee in respect of such invention. On the re- 
quest of the inventor, the description of his inven- 
tion should be kept secret during twelve months. 
After the expiration of this delay, the description 
should be completely published in the official organ 





of the Patent Department; any one should be at 
liberty, during a period of eight weeks, to lodge 





objections to the grant of the patent. After the 
expiration of the said period, and examination 
of the objections filed, the authorities should decide 
on the ting of the patent, and interested parties 
should have the —— of objecting to such 
decisions before the Patent De ent itself, 
with right of appeal to a superior tribunal, Messrs, 
Bodenheimer and Imer-Schneider (Swiss Govern- 
ment delegates) proposed that patents should 
only be registered after publication; that, in 
case of opposition, they should be subjected to 
a preliminary examination i upon the 
degree of novelty of the invention, and that this 
examination should be made bya body, the de- 
cisions of which should be subject to appeal before a 
superior tribunal. Herr Reuleaux (German Govern- 
ment delegate), with M. Poirrier and others, pro- 
posed that petitions for patents should be subjected 
toa preliminary examination, without being liable 
to rejection by the examiners; that opportunity for 
opposition should be afforded, both to the Govern- 
ment and to the public, by suitable publicity; and 
that opposition entered according to law should be 
dealt with by the courts. Mr. Lloyd Wise, supported 
by Admiral Selwyn, Herr Reuleaux, Mr. Pollok 
(United States Government delegate), Mr. Schreyer 
Swiss Government delegate) M. Perisse, Herr 

ieper (Secretary of the Vienna Patent Congress) 
and others, proposed the resolution ultimately 
adopted, and which we have given above, with the ex- 
ception of the word “secret,” the addition of which 
was insisted upon 7 the meeting. M. Albert 
Grodet, with Messrs, Meissonier and Barbedienne, 
advocated an amendment to the effect that an 
opinion should be given only in cases where in- 
terested parties claimed it, A similar proposal was 
made at the Society of Arts, in 1877, where Mr. Bram- 
well, F.R.S., threw out as a suggestion that the ex- 
amination should be optional ; that one man might be 
allowed to say, ‘‘ I want my patent without examina- 
tion,” and another might say, ‘I desire examina- 
tion.” The result would be, there would be two 
classes of patents—those that had been examined, 
and those that had not. The Congress rejected 
the proposal of M. Grodet. Although we have 
mentioned only a few of the various proposals 
submitted, those above referred to will be enough 
to show that the question of preliminary examina- 
tion was really treated in an exhaustive fashion. 
The arguments pro and con were numerous, able, 
and interesting. It was said that in the 
United States a preliminary examination had been 
in force for many years, that in 1877, 23,000 
patents were applied for, and 17,000 granted ; that 
an effective preliminary examination had become 
impossible, and patents had been granted for inven- 
tions patented thirty years before ; that, notwith- 
standing the heavy expenses of the Patent Office, 
the examination was deprived of all degree of cer- 
tainty ; that in France, where preliminary examina- 
tion had not been adopted, at the end of a year half 
the patents were no longer in force; consequently, 
without any possible error of the administration, 
the public gained 50 per cent. of the patented in- 
ventions ; that in England, at the end of the seventh 
year, no more than seven per cent. of the patents 
remained in force; therefore preliminary examina- 
tion was not necessary, since a better result was 
arrived at without any difficulty; that efficient 
examiners could not be obtained ; that the experience 
of the United States was not in favour of the system, 
which led to abuses ; that the German law was of 
too recent a date to allow of conclusions being 
drawn from its working ; that it was not the case 
that where preliminary examination obtained patents 
specially attracted capital; that United States patents 
were granted at the inventors’ risk, and could be 
opposed by interested parties ; that the only practical 
aim of preliminary examination was to weed out 
useless patents ; but experience proved that this took 
place of itself in countries where there was no preli- 
minary examination ; that in France those interested 
had the power of attacking patents already granted, 
but this power was hardly ever exercised; that 
if opposition were allowed, it would often be 
entered merely by way of advertisement; that the 
courts would not be competent to appreciate inven- 
tions not yet worked ; and stress was laid on the im- 
possibility of seeking for priority in the 500,000 
patents existing in the various countries of 
the world, On the other hand, it was urged 
that the principle of preliminary examination 
was sound; that countries adopting it would 
have better inventions than those under other 
regulations; that the French members of the 


Congress attached too much importance toa law 
made for France ; that preliminary examination was 
a natural consequence of the vote by which the 
Congress had declared that an inventor was entitled 
to protection as of right ; that if there were no pre- 
liminary examination, it were better not to grant 
patents at all; that preliminary examination was 
necessary in the interests of inventors, and that if 
examiners were sometimes bought, that fact 
should not be laid to the charge of preliminary ex- 
amination. 

Mr, Lloyd Wise’s resolution met with support 
from advocates on both sides, being regarded as a 
satisfactory compromise between the system of pre- 
liminary examination and that of non-examination. 
On careful a it will be found the resolu- 
tion as adopted is substantially the same as that 
submitted by the Society of Arts, which, in turn, 
involves a — we have consistently advocated, 
and which, both before and since the Society’s con- 
ference of 1877, has been (as we have before pointed 
out) repeatedly endorsed. Very similar resolutions 
were, a8 many of our readers will recollect, passed 
at meetings of the Institution of Mechanical En- 

ineers in 1875 and 1876, and at meetings of the 
mdon Association of Foremen Engineers and 
Draughtsmen, and of the Manchester Associa- 
tion of Employers, Foremen Engineers, and 
Draughtsmen. In numerous petitions to both 
Houses of Parliament, respecting the attempts at 
legislation of recent sessions, the same recommenda- 
tion appeared, Some twenty-five London patent 
agents, including firms in very extensive practice, 
in a paper of suggestions and remarks submitted to 
the Attorney-General on his Bill of 1877, supported 
the proposition that no Letters Patent be refused on 
the ground of alleged want of novelty. On this 
point they justly remarked, ‘‘ The question of 
novelty is one which ought to be decided on trial in 
a court of law. There have been many valuable 
inventions so similar to what had been done before, 
that an examiner might not have been able to dis- 
tinguish the point of difference; the well-known 
cases of Betts’ capsules, Bovill’s corn mill, and 
Weston’s pulley blocks may be cited as examples.” 
Such testimony is very weighty. A favourite argu- 
ment in support of the proposal that examining 
authorities should have the power to refuse applica- 
tions for patents, is that when aman gota patent, he 
would go forth with “tag he could depend 
upon as being sound, We have heard this suggested 
not only by legal and other gentlemen versed in 
patent law, but also by patentees, especially some 
who have enjoyed a certain measure of commercial 
success with their inventions, It is an utter fallacy ; 
experience in the United States has shown it is so, 
and a little reflection should convince any practical 
mind that any attempt to insure the validity of a 
patent by preliminary examination, must fail in 
practice, besides doing harm. We have known 
more than one patentee so confident of the origi- 
nality of his own inventions (because they have been 
remunerative), as to think they would have success- 
fully passed any preliminary examination; these 
men have thought the suggestion ridiculous that 
a patent should be granted notwithstanding the ad- 
verse report of an examiner. We have subsequently 
seen the patents of these over-confident gentlemen 
pronounced invalid, whether rightly or wrongly so, 
we express no opinion. But, the inventions 
had to undergo the ordeal of a preliminary examina- 
tion, conducted by examiners having arbitrary 
powers, these patentees would probably never have 
made anything ; and what would have been worse, 
the public would, at least for a time, have lost the 
benefit undoubtedly conferred by the commercial 
introduction of the inventions under the patents 
that actually issued. After all, the commercial 
introduction is the thing that really benefits the 
community, The public gains nothing from the 
mere existence of some printed description on a 
library bookshelf. As showing that those who 
urge that the conclusions of Patent Office autho- 
rities, based on preliminary examination of the 
specifications, should determine the fate of applica. 
tions for patents, are apt to advance theories which 
do not hold good in practice, let us quote from 
the remarks of an eminent legal authority at the 
Society of Arts meeting already referred to, as given 
in the Society’s Journal, He said: ‘They had 
now—and for this they had been struggling—a 
helping hand held out to the inventor, by the office 
undertaking to examine the — specification. 
One of the greatest difficulties that patentees had 





to encounter was to be left to their own devices, or 
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to incompetent advisers, in drawing the document 
which should define their legal title, and they never 
foundout whether it wasright or wrong until theygo 
into court, Here(meaning in the Attorney-General’s 
Bill) for the first time was introduced the element of 
supervision, and it would depend entirely on the regu- 
lations of the Commissioners whether this supervision 
should be friendly or hostile to patentees. If it werea 
friendly one, it would be an immense boon.” The 
words we have given in italics are in themselves 
about as strongly condemnatory of the measure as 
any argument that could be adduced. They show, 
on the authority of one who strongly supported the 
roposal, that it would rest with the authorities to 
ay down astandard or standards of their own on 
which to conduct the preliminary examinations, and 
determine the granting or refusing of patents. But, 
that such a system would protect inventors against 
incompetent advisers, is a theory not borne out by 
practice. For guidance in this respect we must look 
to the United States, whose example we are so fre- 
uently urged to follow. Ina recent number of 
the Official Gazette of the United States Patent Office 
we find, on authority, that “The examiners of the 
Patent Office cannot undertake to do the work of 
attorneys by re-writing and correcting specifications 
...» It is an examiner’s duty to reject an appli- 
cation if the thing claimed is old, or if the a 
has claimed too much, but it is no part of his duty 
to notify the attorney when he claimed too 
little for his client. It is sometimes done, but itis oftener 
omitted, and the inventor of a valuable invention 
gets a worthless patent.” Seeing that the United 
States affords the leading example of what can be 
done in the way of rendering patents valid by pre- 
limivary examination, with compulsory powers, and 
seeing also that the words we have just quoted are 
official, we think we have effectually disposed of the 
notion that inventors would be made safe by giving 
extensive powers to Patent Office authorities. We 
have shown that they do not protect the inventor : 
let us add, that they cause infinite trouble, delay, 
expense, and, not unfrequently, injustice. In some 
cases the examiners actually do not know the rudi- 
ments of what they have to examine, and they give 
decisions which involve the inventor in loss. e 
objections raised are frequently of a most vexatious 
and trivial kind. Sometimes the person seeking 
a patent, although he knows the examiner to be 
utterly wrong, will forego his claim to a patent 


THE ‘“THUNDERER” EXPLOSION. 


To THe Eprror or ENGINEERING. 

Srr,—Although we are still without any authentic de- 
tails of the accident to the 38-ton gun, it may not be with- 
out interest to some of your readers if you will insert the 
following remarks in your journal. 

It will at any rate tend to show, that whatever may be 
the defects of the Woolwich system, the guns made there 
will not burst explosively under i conditions, and 
that the present failure is not due tothe system of con- 
struction so far as building up the gun is concerned. 

Caleulation shows that, assuming an internal pressure 
of 24 tons per square inch, the strains given in the following 
aaie * 22 be induced at the several parts therein 
specified. 
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tons per|tons _perjtons per 
sq.in. | sq-in. | sq. in, 

Steel tube, inner surface ...| 7.92 | 5.79 | 17.66 

4 Gale - 5 ..|-8.48 |—1.86 5.00 
Breechpiece, inner surface ...| 9.38 10.93 
” outer ,, ee} 1.03 3.75 

1 B coil, inner surface 13.74 | 16.45 17.85 

» outer 4, 7.57 | 1131 | 5.95 











These figures show that although in certain places the 
strains are considerably beyond the elastic limit of the ma- 
terial, yet they are also considerably below the limit of 
rupture; moreover, except in the part behind the breech, 
such a pressure as 24 tons per square inch could not take 
place under any ordinary circumstances. 

At the point where fracture took place, viz., just in front 
of the C coil, a steady internal pressure of 53 tons per 
square inch would burst the explosively, and a few 
inches further forward, where there is only the steel tube 
and the 1 B coil, an internal pressure of 43 tons per square 
inch would have the same effect. 

It has, however, been shown by Mr. Kirkaldy’s experi- 
ments that a suddenly applied strain is equal in effect to 
a steady strain 22 per cent. ter. Hence, as the 
strains in a gun are suddenly applied, it would appear that 
the bursting pressure at the two places in question 
eg be 434 tons and 35} tons per square inch respec- 
tively. 

Under ordinary circumstances the pressures at this part 
of the chase would not exceed 8 tons per square inch, but 
two hypotheses have been put forward, under either of 
which it is suggested abnormal pressures might have 


arisen. 
1. That the shot had slipped forward before the gun was 


rather than incur the trouble and expense of one or | ¢..3 


more appeals. Besides, examiners, like judges, 
hold different opinions; what one would consider 
good subject-matter for a patent, another would 
think unpatentable. The inventor should not be 
made to suffer the consequences of such diversity 
of opinion, nor should the public be deprived of the 
benefit they — receive from the introduction of 
the invention, be it ever so trifling. All the ad. 
vantages claimed for friendly supervision may be 
obtained without arming Patent Office examiners 
with arbitrary powers. If an inventor brings out a 
thing that has no value, he will be the loser, and 
having been warned as to any supposed anticipation 
of his ideas, and advised of any supposed flaw 
in his documents, he should be permitted to 
exercise his own discretion. If he brings out a 
thing that has been previously described, yet is 
useful, its introduction to the market will prove bene- 
ficial to the public, and competitors will soon avail 
themselves of any right they may have to pro- 
duce and use the same thing. The patentee having 
been warned of what had been done before, will have 
only himself to blame if he incurs loss. 


PRIMING. 
To THE EpIToR oF ENGINEERING. 
S1r,—If your numerous readers will refer to the printed 
i gs of the Institution of Mechanical Engineers for 
the year 1871, pages 48 to 63, they will see that circulating 
plates were at that time largely in use. 
Yours very truly, 








A. B. 





To THE Epiror oF ENGINEERING. 

Srr,—In my letter on “‘ Priming,”’ which you were good 
enoug! to publish in your issue of last week, the word 
‘* silting” has been substituted by mistake for ‘‘ pitting.’’ 
I meant to say that no pitting had been observed in the 
Pandora’s boiler. 

I am, Sir, yours truly, 
J. D. GRAHAM. 


9, Suffolk-place, Pall Mall, February 5, 1879. 


Coat ON THE Bombay, Baropa, AND CENTRAL INDIA 
Rattwax.—The coal used in the locomotive department 





of the Bombay, Baroda, and Central India Railway Com- 


red. 
2. That it had started fair, but became jammed in the 
chase a little in front of the C coil. 

To the first of these causes the accident has been 
generally attributed, but, as I think, unduly. 

There seems no reason for supposing that in such a case, 
the shot being free to move, the pressure behind it could 
exceed the pressure which would have arisen had the shot 
been rammed home, but rather the reverse, and this 
original pressure would not exceed 24 tons per square inch, 
a pressure quite insufficient to burst the gun, as is seen by 
the Table above given, even at the weak points in front of 
the C coil. 

I am not aware of any experiments which show the 
extent to which the pressures of an elastic fluid, starting 
with a high velocity, against a cushion of air, resting 


overcome, but which otherwise was free to move, would 
accumulate. 

In the present case, supposing the shot to have slipped 
forward abont 4 ft., the first resistance to its motion would 
be the friction on the chase, a mere trifle, representing a 
fraction of a pound per square inch on the base of the shot. 
The resisting effect of the rifling at first is nil, but in- 
creases very rapidly as the shot gains velocity. Even sup- 
posing the shot to have moved forward 1 ft., by which time 
it would have acquired a velocity of about 700 ft. per 
second, the resistance could not have exceeded 100 Ib. per 
square inch on its base. 
What under these circumstances would be the pressure 
which would be set up in this column of air 4 ft. long, 
acted on at one end by the powder gases, and at the other 
closed by a shell of 600 lb. weight, subject to a frictional 
resistance beginning at zero and increasing .rapidly to 
about 100 Ib. per square inch. 

This isa problem which I have not been able to solve 
mathematically, but it does not appear to me possible that 
it can exceed the original pressure, which would have been 
generated if the shot fad been in contact with the cartridge. 
It is a case of “ air spacing” on a large scale, and it has 
been shown that “air spacing’ decreases rather than in- 
creases the pressure in a gun. Is there a point at which 
** air spacing’ changes from a decreasing to an increasing 
factor? It is difficult to believe it. Besides, there are many 
instances in which guns have been fired without injury, 
— with considerable spaces between the shot and 
cartridge. 

I feel therefore compelled to reject this first hypothesis. 
I will now examine the second, viz., that the shot started 
-, ee jammed after travelling about 4 ft. along 
the c > 





-year ending June 30, 1878, cost the 


pany ia the 
company 22,8481. 





«& Here there would be two results which I will examine 
separately : 


against a heavy body whose position and inertia had to be | pigi, 


1. The bursting effect due to the sudden stoppage of the 


2. The tearing asunder strain due to the rapid absorption 
of the energy accumulated in the shot and sone on their 
being suddenly brought to rest. 

In the first case it may be shown that the energy accumn- 


lated in the gases would be vt for each square inch of 


area. 
When W=is the total weight of gases=85 Ib. 
*  v==velocity of the shot at the time of jamming, 
which would be about 1100 ft. per second. 
A=the area of the bore. 
Now this energy in the case of a sudden stop 
be absorbed in compressing the gases themselves. No 
work done in this compression=<—_. Pao Ca 
Al C(l—y)at ja 
When p=pressure of gases at moment of stoppage. 
4 total length of gases compressed. _ 
l—y=length after compression. 
Consequently in the 38-ton gun, assuming the sto; 
to take place at 6 ft. from the breech, we would have pi 1) 
=8 tons=17,920 lb. per square inch, and we have the 


equation : 
Wv?_plia Vere 
6gA Al S(l—y)# 41 


from which we find y=5.5114 ft. and 1—y=0.4886 ft. 
14 


will be found 


must 
w the 





Hence the final pressare=p(-* 
o 


=274.68 tons per square inch, which would be the 
pressure of the gases next to the shot, and where the strength 
of the gun is only 43} tons per square inch, so that.the gun 
must inevitably burst with great violence. 

Now as to the tearing effect. Taking the weight of the 
shell at 585 Ib., and the gases as before 85 lb., the accumu- 
lated energy at 1100 ft. per second would be 5144 foot-tons. 

This has to be met by the work done in tearing asunder 
the steel tube, assis to a small extent by the friction 
between it and the outer coils, which latter is, however, 
com; tively so small that it may be neglected. 

The work done in tearing asunder a piece of metal or 
Tn, according to Poncelet and Mallet’s notation, depends 
upon the modulus of elasticity and the final extension at 
the time of rupture, and taking the data given in the re- 
port of experiments made by a “‘ Committee of Civil Engi- 
neers on Iron and Steel, 1868,” referring to the steel used 
for tubes at Woolwich, Tn for a tube of 6 ft. long will be 
found to be 4.55 foot-tons per square inch ; and the area 
of section of the tube being 185 square inches, the total 
work done in rupture would be 842 foot-tons. 

The accumulated energy has already been shown to 
amount to 5144 foot-tons, consequently it is evident that 
quite apart from the bursting strain of the gases, the tube 
"Tt is quite trun that, 

is qui’ at a portion of the energy in the 3 
would be expended in bursting the gun, an Senthes new 
tion in expan the part below the C coil, both of which 
are easily calculable; but setting aside the gases, the 
energy of the shot alone amounting to nearly 5000 foot- 
tons, would be far more than sufficient to tear asunder the 


gun. 

Probably the tearing asunder took place first, and then 
the Ley pm | pressure cut off the iron coils close by the end 
~ ha a age , and ae ty them and a portion of the steel 

ube into fragments, the remaining energy currying the 
rest of the chase with the shot in ry Bre ay ” 

It is greatly to be regretted that this portion of the gun 
has not been recovered, as it would ag conclusively 
settled the hypothesis of the jamming of the shot. 

My own conviction is that this was the real cause of th 
accident, and I think it is an accident that might again 
occur with studded shot and an increasing twist in the 
g. . 

Your obedient servant, 
J. A. LONGRIDGE. 





To THE EDITOR OF ENGINEERING. 
; fay ery bey my letter of 21st inst., I have now to 
inform you that the Committee upon the Thunderer’s 
explosion are sitting with closed doors, it is therefore iti. 
cult to obtain reliable information ; you may, however de- 
pend upon the following : 
1. The steel tube has drawn (how much not stated) ; this 
would seem to indicate shot jamming in muzzle of gun. 
2. The face of weld on inner coil shows that the welding 
has not been complete, part of it being quite smooth. 
3. The Committee have ordered a wooden core to be 
turned the exact size of bore of ran, and upon which they are 
oe to build up the broken piecés of tube and 
muzzle found about the decks and in the turret after the 
explosion. 
4. Should the loading gear be found in fault, the vessel 
will be ordered to England. 


Malta, January 27, 1879. 


Unirorm Twist. 








A New Writing TeLecRraPu.—An entirely new tele- 
phic instrument is just about to be brought forward, 
or writing in ordi c rs at the receiving end of a 
line, at the same instant that an operator writes the message 
in ordi character at the transmitting end of the line, 
no receiving clerk being required in close attendance, or 
for the purpose of noting or translating the message. The 








ry bh is we understand the invention of Mr. 
E. A. Cowper, C.E. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Dulness was again the rule 
in the pig-iron warrant market last Thursday, and prices 
had a decline to the extert of 2d. per ton. Business was} 
done in the forenoon at 42s. 6id. cash and 42s. 7}d. one 
month. In the afternoon prices further receded to 42s. 5d. 
and 42s. 54d. cash, and 42s. 6d. to 42s. 64d one month, the 
market closing with buyers at 42s. 5$d. cash and 42s. 63d. 
one month, with sellers near. Friday’s market wag full 
stronger, and prices improved about 1d. per ton, an 
closed for the week 2d. over the closing price of the previous 
Friday. There were transactions in the morning at 42s. 
cash and 42s. 74d. one month; and at the close there were 
sellers at those prices. In the afternoon from 42s. 74d. to 
42s, 8d. one month, and 42s. 7d. ten days were paid, and 
the market closed with sellers at 42s. 7d. cash and 42s. 8d. 
one month, and buyers 1d. per ton less. The warrant market 
was quiet on Monday, and prices were much the same as at 
the close of last week. Business was transacted during 
the forenoon at 42s. 7id. one month, and there were sellers 
at the close asking 42s. 6d. cash and 42s. 7id. one month, 
while buyers offered 1d. per ton lower. In the afternoon 
business was done at sellers’ prices, and the market closed 
with buyers at those rates, and sellers near. Yesterday’s 
market was quiet, and prices were pretty steady at 42s. 6d. 
cash, and from 42s. 8d. to 42s. 7d. one month. In the 
forenoon buyers closed at 42s. 6d. cash and 42s. 8d. one 
month, but in the afternoon sellers closed at 42s. 6d. cash 
and 42s. 7d. one month, with buyers near. The market 
was easier this forenoon, when business was done at 
42s. 54d. cash, and at 42s. 6}d. to 42s. 74d. one month 
fixed, closing sellers at 42s. 6d. cash, and 42s. 74d. one 
month fixed, buyers offering $d.perton less. Theafternoon 
market was steady at the forenoon prices. A very adverse 
influence is exerted on the pig-iron market just now by 
prevailing dulness in almost every branch of industry, and 


the despondent feeling leads to an expectation that even | again 


lower prices will yet be reached. There is, however, a 
steady flow of buying for investment, which readily absorbs 
all the iron offered in the market. An extremely dull con- 
dition of things prevails in' the shipping department, and 
various brands of makers’ iron can now be had at lower 
prices than have been known for very many years. The 
deliveries of pig iron into the public warrant stores last 
week were again large, and the total stock with Messrs. 
Connal and Co. up till Friday evening amounted to 206,816 
tons, showing an increase for the week of 1765 tons, the 
increase of stock since Christmas being about 7000 tons. 
Last week’s shipments from all Scotch ports amounted to 
4969 tons as compared with 6550 tons in the corresponding 
week of last year, Two of the blast furnaces at Coltness 
Iron Works have been blown out during the past week, in 
order, it is understood, to be adapted to the new system of 
working. There are now consequently only 87 blast furnaces 
in actual operation, being the same number as at this time 
last year. 


Strike at the Glasgow Locomotive Works.—On Thursday 
last a large number of the men engaged in the engineering 
department of Messrs. Dubs and Co.’s Locomotive Works, 
Glasgow, struck work against the enforcement of the 54 
hours per week system. It would appear that some time 
ago the masters had a conference with the men, when it 
was pointed out that as Messrs. Neilson and Co. had 
adopted the 54 hour system, they would require to enforce 
the same rule, and consequently notice was given that, on 
and after the 30th inst., the employés would work 54 hours 
per week instead of 51 hours as formerly. The result of 
this was that on Thursday forenoon a number of society 
men knocked off work, and were followed by the non- 
society men and a number of the apprentices. Itis said 
that the Council of the Amalgamated Society recently met 
in London, and decided that the working hours for the 
week should remain at 54 in England, and 51 in Scotland. 
The Scotch members of-the society are reported to have 
remonstrated against this decision, but apparently without 
avail, and in consequence had no other alternative but to 
obey the mandate of the executive. Already the strike 
may be considered as being practically at anend. A con- 
siderable number of the strikers returned to work on 
Saturday, and nearly one hundred more went in on Mon- 
day, and there was g reason to expect that the re- 
mainder would start yesterday morning. The workmen 
who are members of the Amalgamated Society of Engineers 
are said to feel very much annoyed at the action of their 
executive in London in seeking to compel Scottish em- 
ployers to abide by the 51 hours system, while those in 
England are permitted to continue at 54 hours per week. 


The Clyde Rivetters’ Strike.—The rivetters who came 
out on strike in the shipbuilding pee of Messrs. John 
Elder and Co., Barclay, Curle, and Co., Charles Connell 
and Co., A. and J. Inglis, and the London ani Glasgow 
Shipbuilding and Engineering Company, in the month of 
October last, against a reduction of 74 per cent. on their 
pay, last week resumed work at the employers’ terms. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Thirsk and its Water Supply.—A scheme is broached 
for the supplying of Thirsk with water, and a company has 
been formed with that object. Other important districts 
adjacent to the town will also be supplied. A service 
reservoir is to be constructed at Boltby, formed by the 
construction of an embankment or dam across the stream 
called Lunshaw Beck, at a point about 159 yards south- 
ward from the junction of the Oak Beck. A compensation 
reservoir has also to be constructed. The line of pipes 





will commence at the service reservoirs, and terminate in 
the town of Thirsk. The water has to be taken from the 
Oak Beck, North Woods Slack 


, and the stream 





called 
The water is of excellent quality, and 


Lunshaw Beck. 


will have to be brought about seven miles to Thirsk. A 
minimum quantity of 300,000 will flow daily, so 
that it is pra we a water supply will be obtained which 
will suffice for many years to come. 

Keighley Sewage.—The Keighley local board has re- 
solved on a scheme of a very enterprising character, and 
one which will involve an outlay of at least 100,0001. 
They are petitioning the Local Government Board for 
powers to take compulsorily the lands of which they have 
given notice. At present the poungs for the town of Keighley 
is conveyed into the River Aire, but for some time past a 
landowner below the town named Mr. W. Ferrand, 


6d. | complained of the pollution of the river, and pressure has 


been brought to bear upon the local board by the Local 
Government Board. After endeavouring to form a Con- 
servancy Board with the surrounding villages, the board 
has at last been compelled to take steps for the prevention 
of the pollution of the river, and accordingly Mr. Baldwin 
Latham, C.E., of London, was instructed to devise a scheme. 
Notices have been issued that the board intends to apply 
for provisional orders giving them ag to pure 
about 127} acres of land between Keighley and Marley for 
the p of dealing with the sewage by irrigation or 
otherwise. 

Local Bills —The Dun Drain Bill, which has been 
lodged to extend the time granted to the Dun Drainage 
Commissioners for the completion of their works, to au- 
thorise new works, and confer on them further borrowing 
powers, has complied with the Standing Orders of the 
House, as also has the Hast Retford Water Bill. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrippLEsBRoUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the attendance 
on ’Change at Middlesbrough was above the average, but 
in business was miserably dull. The market was 
weaker than it was last week, the prices of iron being 
based on No. 3 Cleveland pig selling at 33s. 6d. to 34s. per 
ton according to brand, and less 1 percent. Last week we 
predicted that the Cleveland Ironmasters’ Association re- 
turns for January would, when issued, show an increase of 
about 30,000 tons. While writing, the returns are not yet 
published, but we are in a position to say that of the 
92 blast furnaces injoperation, 76 have been on Cleveland 





‘iron, and 16 on other kinds of iron. The total make during 


January was 168,667 tons. Makers’ stocks stand at 
222,907 tons. The increase of makers’ stocks for the 
month is about 20,000 tons, in public stores 5,768 tons, 
and in makers’ stores 6000 tons. It will thus be seen that 
the increase in stocks is over 31,000 tons. The open 
weather, which is dail ted, will result in-more 
activity in shipping, a considerable decrease in stock 
it is hoped. There is, however, an enormous production, 
and it is felt that the demand is very much below it. Pig- 
iron makers cannot go on constantly increasing their 
stocks. Unless there is an improvement in trade at a 
very early date some of the blast furnaces must be blown 
out. 


The Nine Hours’ Question.—At a aa meeting of the 
Cleveland Institution of Engineers, held at Middlesbrough, 
the causes of depression in trade were discussed, and a 
great deal was said about the the nine hours’ question. 
The subject was introduced by a paper from Mr. J ‘Mead, in 
which the following resolutions were included; ‘‘1. That, 
whilst recognising the important bearing which the im- 
perial policy of Government must ever have upon trade, 
this meeting is of opinion that the present depression is 
mainly due to the operation of natural laws, which would 
have produced similar effects whatever the political con- 
ditions. 2. That, considering the prevalence of extra- 
vagance and thriftlessness among producers of all 
grades in 1870 and the following years, and the enormous 
waste of time which took place through strikes and re- 
strictions, it is not surprising that the spirit of commercial 
enterprise should have become well-nigh extinct. 3. That 
the only wise course for producers, whether employers or 
employed, now to adopt, is to cease to crave for higher 
prices, and to unite in cutting down cost of production, 
and adapting ideas amd habits to the existing state of 
things. 4. That the nine hours’ movement, although 
nominally a success, was in reality from the first a great 
economic failure—that is, contrary to the true interests of 
the hence ~ or — = hoy the —— ars | of 
employment is ly due to its o ion, an it 
ought to be abolished without delay.” ‘The discussion was 
adjourned till Monday next. 


Steel Rails for the North-Eastern Railway Company. 
—During the week there has been a great deal of comment 
upon the North-Eastern Railway Company giving an order 
for 25,000 tons of steel rails to a Sheffield firm in ne re 
to Messrs. Bolckow, Vaughan, and Co., of Middlesbrough. 
The fact is that Messrs. Bolckow, Vaughan, and Co., 
who are the owners of the largest and perhaps the finest 
steel works in the world, quoted about 41. 15s. for their 
rails. Messrs. Cammell, Wilson, and Co. ay as low 
as 41. 9s. 6d., and they obtained the order. The Middles- 
brough people are ill-suited at this state of things, as they 
believed the Eston Steel Works could produce as chea 
as any in the world. Inthe Cleveland district it is argu 
that it would have paid the North-Eastern Railway Com- 
pany to have given the order to Messrs. Bolckow, Vaughan, 
and Co., as the railway company would have got a profit 
on the carriage of materials to manufacture therails. But 
the directors of the North-Eastern consider that their duty 
to — shareholders compels them to buy in the cheapest 
market. 


The Coal and Coke Trades.—The coal and coke trades 
are flat and prices are very low. The’ Durham coalowners 
propose another reduction of wages equal to 20 per cent. 


THE HERRESHOFF BOILER. 

In the course of our description last week (vide page 
98 of our last number) of the Herreshoff torpedo boat,* 
we promised shortly to publish further particulars of the 
boiler with which the vessel is fitted, and which forms 
one of the chief features of the design. In fulfilment of 
this promise we now give on the next page an engraving 
showing a section of a Herreshoff boiler, which will clearly 
explain its construction. 

The Herreshoff boiler—or rather steam generator, as 
it is called—consists of a continuous coil of wrought 
iron steam pipe arranged in the form ofa frustum of a 
cone, as shown in our engraving, this coil 
placed above a firegrate, which is encircled by a dwarf 
wall of firebrick inclosed within a suitable casing, this 
brick-lined casing with the space within the coil itself, 
forming a combustion chamber. The whole is inclosed 
in a double or treble shell or smoke jacket, with an air 
space or spaces between for insulation. 

There are two forms of the Herreshoff generator, viz., 
those of the double and single coil. In situations where 
it is desirable to combine economy of fuel, and to have 
the generator in as small a vertical space as possible, 
the double coil is used. In situations where it is an 
object to economise height a single coil is used. Our 
engraving annexed represents a double coil of the most 
approved form. 

In operating this generator water is delivered by the 
pump into the outside part of the flat coil A, which coil 
serves as a feedwater heater, its inner end being con- 
nected to the top of the main coil B, through which the 
water descends. As the water approaches the bottom, it 
becomes partly vaporised, and at the bottom of the 
inn-r coil the pipe merges continuously into the outer 
soil O, through which the ascending steam and water 
pass to be finally delivered into the separator D. On its 
arrival at the separator the water is almost steam, 
only 15 to 20 per cent. remaining in a liquid state. The 
amount of water here collected should be proportioned to 
its purity. Where sea-water, or muddy or impure fresh 
water is used, 20 per cent. of the water that is forced into 
the generator is sufficient to carry with it all sediment 
which collects in the bottom of the separator, from 
whence it may be blown off at intervals. The rapidity 
of the circulation of the steam and water in the coils pre- 
vents lodgments or obstructions, 

The end of the discharge pipe E entering the separator, 
is deflected in such a manner that the steam and water 
are projected against the sides of the separator, and a 
whirling motion imparted to them. By this operation 
the water is more quickly and perfectly separated from 
the steam. The water being heavier, it is thrown ont- 
ward by centrifugal force against the sides of the 
separator, when it readily falls to the bottom. The 
steam occupying the upper and central portions of the 
separator escapes through the passage F to the coil G, in 
which it is more thoroughly dried and superheated. It 
is then coénveyed by the supply pipe to the engine or 
other uses. 

The height of the water which collects at the bottom 
of the separator is always indicated by the glass water 
gauge H, and the surface blow-off I is provided with an 
adjustable valve or steam trap, through which the excess 
of feed water passes, The blow-off J is for the removal 
of sediment. It the boiler be used in connexion with a 
surface condensing engine, the excess of water which is 
blown off at the pipe I, is returned again at the top of the 
coil, with the feed water arising from the condensation 
of the steam used by the engine. By this means no heat 
is lost by the escape of the excess feed water. 

A very important feature of the Herreschoff steam 
generator is its safety, the amount of water contained in 
it being so small that were it instantly liberated it could 
do no damage. But instant liberation is out of the ques- 
tion; the most that could occur would be a forcing 
open of the pipe which forms the coil, and this would only 
be followed by a harmless blowing off of the steam. The 
separator is the only part of the boiler possessing any- 
thing like a large diameter, and its entire removal from 
the fire precludes possibility of explosion. It can also be 
made of a strength far exceeding the practicable limit of 
steam pressure. The generator is also very compact and 
light, both valuable features in many situations. The 
coil can also be made oval, which form is better adapted 
for some situations; such as a very narrow steam launch 
or vessel. 

It will be seen by our engraving that the whole spaco 
surrounded by tlre coils on the sides, and from the grate 
below to the coil above, is a clear unobstructed chamber 
for combustion, The importance of so large a space is 
particularly of value in the burning of bituminous coal, 
for perfect combustion of fuel cannot take place without 
the complete mixture of air which a large chamber in- 
sures. The flames and heated gases are not allowed to 
escape through the top of the coils, which are purposely 
made tight. All the products of combustion are forced 
to escape through the narrow spaces between the pipes 
which form the main body of the coils. These spaces 

* In describing this boat last week we omitted to give 
the speed attained, which was 16 knots at the iralty 
trial. The boat was also tested for stability by placing a 
load of 17001b. on the gunwale, the results being highly 
satisfactory 
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are graduated, being larger at the bottom and decreas- 
ing as they oe the top. The heated being 
lighter, rise the chamber and are held there, their 
escape being only permitted by the spaces of the smaller 
size. The heated gases from within are thus finally 
divided, and each atom is brought into actual contact 
with the heating surfaces of the gerszator. 

After the products of combustion have sifted them- 
selves through the main coils, they arise on the outside 
of them, between the coils and the jacket. Near the 
top of the coil and directly in the path of the ascending 
gases the superheating coil is placed, and extract still 
further any valuable heat which they contain. Even 
after this, the gases are not allowed to escape freely, but 
have to pass through the flat coil or feed-water heater ; 
the spaces between the pipes of which are larger than 
those of the main coil, so as to allow a free passage of 
the gases, which by this time are almost entirely deprived 
of their heat. 

The reasons have already been given why the combus- 
tion of fuel in the furnace of the generator is so free 
under natural conditions, The heated gases are brought 
so quickly and directly into contact with the heating 
surfaces, and the coil itself contains such a small amount 
of water, that a degree of heat sufficient to generate 
steam is had almost immediately after lighting the fire. 
Sixty pounds pressure can be obtained in four or five 
minutes, and in six minutes 100 Ib. can be indicated. 

Of course, an important question to be considered in 
connexion with a generator of the type we are describing 
is its durability. In the case of the Herreshoff generator 
the sides of the furnace are lined with firebricks, and 
the fire is thus not allowed to come into actual contact 
with the coils, which are supported by the bricks at a 
distance of one-fifth of the diameter of the grate above it. 
The coils themselves also are so constructed that no in- 
jury can come to them through expansion and contrac- 
tion, while it is now a recognised fact that the passage 
of steam over hot iron forms a protecting scale of black 
magnetic oxide of iron, which prevents injury of the 
metal beneath it from rust or corrosion, Messrs. Herres- 
hoff affirm that the quality of the iron of which the 
coils are made improves by alternate heating and cooling, 
the iron composing the coil of an old generator being 
found to be tougher and stronger than when new. When it 
is desirable to stop the working of the generator for a 
longer or a shorter period, the water contained by the 
coils is entirely blown out, the generator then remains 
perfectly dry and cannot be damaged by the action of 
frost. 

The quality of the steam supplied by the Herreshoff 
generator is, we understand, very good, it being delivered 
from the superheating coil perfectly dry he degree 
to which the steam may be superheated is proportioned 
to the length of the superheating coil, which can be made 
shorter or longer according to the purposes for which 
the steam is used. The superheating coil is so situated 
that the steam passing through it cannot be heated to 
a degree which would be injurious to the engine. 

The first use to which the generator we have been 
describing was put, and pone one which more nearly 
combines all its valuable — is that of supplying 
steam for the propulsion of vessels. Its perfect safety, 
of course, is a valuable point in every situation, but 
especially so on a vessel, while the ——- of the 
generator is most advantageous, particularly jn vessels 
of a small size. By the carrying of less weight they are 
more buoyant and seaworthy, and lightness is also one of 
the first elements of speed, while if used for tenders for 
larger vessels they can be more easily hoisted or lowered ; 
or if desirable, the vessel can be brought with coal to the 
same state of displacement as vessels with other boilers, 
and will thus be enabled to form a much longer voyage. 
The facility in raising steam, to which we have alluded, 
is a most valuable property, particularly in yachts and 
launches, where it is desirable to lose no time in starting 
from anchorage. But especially is this property of value 
as applied to torpedo boats. The fact of being able to 
get under way within five minutes’ notice, to repel the 
sudden attack of an enemy, will be appreciated by all 
vessels in marine warfare. The ability to use sea-water 
is also an advantageous point. It is often incon- 
venient and, at least annoying, to supply yachts or 
torpedo boais with fresh water for use in their boilers. 

other use to which the Herreshoff generator has 
been put in America is for fire-extinguishing service in 
towns and cities and large manufactories. The town of 
Bristol, in Rhode Island, where the generator originated, 
may be taken as an example of this system, which for 
power and efficiency is not surpassed in any city in the 
world. The following is a short description of it: 

In a station-house situated on the banks of the bay 
upon which the town is located, is placed a Herreshoff 
generator of about 400 horse power, which supplies 
steam to a pump having a steam cylinder 22 in. in 
diameter with 24 in. stroke. The pump has a diameter 
of 12 in, and 24 in. stroke, The whole town is intersected 
by a system of pipes laid underground with hydrants 
for the coupling on of hose at convenient intervals. The 
furnace of the generator is kept constantly charged with 
pine wood, and on the alarm of a fire the engineer on 
watch, who lives in the building, throws in a quantity of 


can be thrown upon the fire from any part of the circuit 
of underground piping under a pressure of 90 Ib. to 100 lb. 
per square inch. . 

At the contract trial of the service eight streams were 
discharged from 1} in. nozzles 100 ft. high at a distance 
of five-eighths of a mile from the pumping station, and 
about 50ft. aboveit. The generator used in connexion with 
this system is of the following dimensions: grate, 72 in., 
single coil of 550 ft. of 3 in. pipe. Some time ago the 
City Press noticed the fact that some hose stations were 
to be established in the City, and said when this was 
done, with the hydrants which were already established, 
London would be the best protected city in the world 
from fire. But let us examine the facts. The City hy- 
drants have no more than the water company’s pressure, 
about 30 Ib. This would be very effective so long as 
the flames did not keep the firemen from carrying their 
hose into a building and playing directly on to the flames, 
but once the fire takes a good hold, and the firemen have 
to throw the water from the street, such a pressure gives 
a feeble and ineffective jet of water. By the Herreshoff 
system, within five minutes of an alarm of fire having 
been given, a pressure of 90 Ib. in the water mains is ob- 
tained in any part of the city. This, with a 6-in. main, 
the size used in Bristol, Rhode Island, would give an ex- 
tinguishing power equal to at least six of our largest 
steam fire-engines. No better proof of the efficiency of the 
system can be wished than the results obtained in Bristol, 
where it was first introduced. Bristol, like nearly all the 
New England towns, consists almost entirely of ‘‘ frame” 
houses, #.¢., built of wood. During the exceptionally hot 
and dry summers, common to the Eastern States, every- 
thing becomes as dry as tinder. Owing to the use of 
petroleum lamps fires frequently break out, but since the 
establishment of the Herreshoff system there has been 
but one fire of any magnitude ; this however, did not get 


pressure in the mains of 90 1b. seven minutes after the 
first alarm. 





A DURABLE SPUR WHEEL. 

We have received from Messrs. George and William 
Bertram, of St. Katherine’s Works, Edinburgh, some 
interesting particulars of the durability of a mortice wheel 
now working at the Kelvindale Paper Mills, near Glasgow, 
belonging to Messrs. E. Collins and Sons. This spur 
wheel was made and geared by Mr. George Bertram, of 
Sciennes, Edinburgh, and set to work in 1851, it having 
now been running 26$ years day and night, and during 
the whole of that time not a cog having been touched. 
Latterly the wheel began to get off pitch, or otherwise it 
might have gone on longer; under the circumstances, 
however, it was considered unwise to permit this. 

The wheel, which is 14 ft. 0} in. in diameter at pitch 
line and 10 in. wide on the face, is fixed on the crankshaft 





troleuam and fires away. The pump is started in 


ve minutes after lighting up, and instantly the water 


of a beam engine, and has run at an average speed of 38 
revolutions per minute, the speed during the latter half 








ahead through any failure of the system, as there was a | 
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CONSTRUCTED BY THE HERRESHOFF MANUFACTURING O©O., BRISTOL, RHODE ISLAND, U.S.A. 





Monee nnn enn weeees 


of the period it has been at work being, however, 45 re- 
volutions per minute. The wheel drives a machine- 
dressed pinion 4 ft. in diameter with 50 teeth; and the 
power developed by the engine is from 90 to 100 indi- 
cated horse power. From a half-cog with which we have 
been favoured by Messrs. Bertram we have prepared the 
annexed fac-simile of the present shape of the teeth, 
showing the amount of wear. 





Taking the speed of the pitch line as 5886 ft. per 
minute, and the mean horse power transmitted as 84 
(being the indicated power of the engine less engine 


anne 33,000 x 84 
friction) w ~aeenee ite ressure 
) we get 5508 x10 47.1 as the average p 

on the teeth per inch of width. Taking the working 
days at 283 per year, thus allowing a large margin for 
stoppages and Sundays, and only 20 working hours per 
day, the cog we have received has travelled not less than 
2,900,000 miles, or fully 118 times round the circum- 
ference of the globe. The beech from which these cogs 
were made was grown in Midlothian, and they were greased 
twice a week, tallow and lead ore being the lubricant used. 
The half-cog we have received shows very uniform wear 
throughout its width, the surface being very smooth and 
there being no signs of scoring. Altogether the per- 
formance of the wheel is of much interest, 





Geral Ganpian tee Lighting snl Hastieg by Gas fe 
mn mpany for Ligbti y is 
again about to purchase coal for gas-making purposes in 
Belgium. 
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STEAM CRANE, AT THE PARIS EXHIBITION. 
CONSTRUCTED BY MESSRS, CAILLARD BROTHERS, ENGINEERS, HAVRE. 





Tue steam crane illustrated above was one of those 
employed in the work of preparation at the Paris Exhi- 
bition, and afterwards exhibited there. Its makers and 
exhibitors were MM. Caillard Brothers, of Havre, who 
showed also a number of other examples of hoisting ma- 
chinery of different classes. We illustrate this crane 
(for our engraving of which we are indebted to our con- 
temporary the Revue, Industrielle) as a very favourable 
example of French work in its own line. The jib is of 
wrought iron, of trough section, its sides consisting each 
of a couple of angles and a plate. The cylinders are 
bolted horizontally to the (cast iron) side frames of the 
wench. The first motion shaft (the crane is double- 
geared) is driven by grooved friction wheels, a form of 
transmission very scantily represented at Paris, and all 
three motions of lifting, turning, 4nd traversing, are 
derived from this shaft. A great deal of attention appears 
to have been paid to the best arrangement of the working 
levers, which are very conveniently placed. A single 
lever, placed so as to be held in the driver’s right hand, 
opens or closes the throttle valve if moved horizontally, 
making the engine lift the load if raised, and lower it 
on the brake if depressed, while if it be simply left in 
mid position the load remains stationary. A second 
lever, placed handily for the driver's left hand, controls 
the turning of the crane and the traversing of the truck 
(with or without a load on the crane). Messrs. Caillard 
have made nine cranes on this system, which is said to 
have proved very convenient and satisfactory in prac- 
tice. 











POSITION AND PROSPECTS OF THE 
SCOTCH IRON TRADE. 

ConsIDERING the extrao’ part which the Scotch 
iron trade played for a long series of years in the indus- 
trial history of the kingdom, as well as in that of many 
foreign countries and our colonies, it is always an in- 
teresting matter to deal with in connexion with the 
annual return relating to the production, consumption, 
exports, stocks, prices, &c. Those referring to the trade 
for the past year were recently published by authority 
of the committee of the Glasgow Association of Iron 
Merchants and Brokers; and as they contain informa- 
tion which is exceedingly valuable and suggestive, we 
propose to examine them briefly and see what lessons 
they teach. 

Undoubtedly the year 1878 was the most gloomy 
and unsatisfactory ever experienced by the iron trade 
of Scotland since it acquired the importance that has 
attached to it during the last forty or fifty years, Of 
course, it dates even further back than twice fifty years, 
but into that matter we need not enter, as it is somewhat 
foreign to our purpose. Theinfluence of the commercial 
depression which has hung over both our own and many 
other countries for a long period seems to have been 
more keenly felt in Scotland than in other great iron- 
making districts. During the past three months it has 
been most acutely felt, in consequence of the unpre- 
cedented local anxiety excited by the financial disorgani- 
sation which resulted from the banking and other colossal 
failures. Bearing these matters in mind, it is scarcely sur- 





ising to learn that during the past year the price of 

otch pig iron fell to a lower level than has been known 
since the year 1852. At the opening of the year the cash 
price stood at 51s, 6d. per ton, and in the next few weeks 
it improved until it reached the highest pint siaiped 
during the year—namely, 52s. 4d. on the 4th of February. 
Influenced occasionally by speculative buying, and by 
political events at home, on the Continent, and in India, 
the price fluctuated now and then during the s and 
summer, but always with a more or less d 4 
tendency till the beginning of October, when the banking 
crisis burst out, bringing with it a sudden decline to 
48s. 6d., from which there was subsequently an improve- 
ment to 45s. 44d., which was paid on the 8th of October. 
That advance, however, was not maintained, and by the 
26th of November 42s. 8d. was accepted, which was the 
lowest price touched during the past twenty-six years. 
From that point there was a little rall ing, and the year 
closed with the price standing at 43s. 6d., the average over 
the year being 48s. 5d. as compared with 54s. 4d. for the 
previous year, to which it had declined from the year 1873, 
when the average price was 117s, 3d., or almost double what 
it was only two years previously. And here we may men- 
tion that over the nine years 1862 to 1871, the yearly 
average never rose higher than 60s. 6d. per ton (1866 
nor fell lower than 52s. 9d. (1868). 

The largest number of blast furnaces in tion 


during the past year was 96 (July and August), but at 
the beginning of the year there were only 84 at work. At 
the close of the year there were 92 furnaces in blast, and 
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the average over the year was 90. It is interesting to 
know the weekly make per furnace rose during the year 
1878 to an average of 192 tons, whereas in the year im- 
mediately preceding it was 183 tons per furnace, thus 
showing an increase of 9 tons per furnace per week, which 
was doultless the result of larger furnaces being brought 
into use in some instances, and to improved methods of 
working the furnaces generally. The total production 
for the year was only 902,000 tons, while in 1877 it was 
982,000 tons, the decrease being 80,000 tons. In the 
year 1874, however, the total make only reached 806,000 
tons, the smallest yearly make since 1854, when it stood 
at 770,000 tons. We may mention in passing that the 
largest yearly production yet recorded was that of 1870, 
when it reached to 1,206,000 tons. 

Although still on an extensive scale, the consumption 
in Scotland fell off to the extent of 41,000 tons, 294,000 
tons being used in the past year, as against 335,000 tons 
in the preceding year. In the foundries there were used 
158,000 tons, as compared with 175,000 tons in 1877, 
while in the malleable iron establishments the consump- 
tion was 140,500 tons as against 160,000 tons. It should 
be noticed also, by the way, that very large quantities of 
English pig iron were used during the year in both 
classes of works—to the extent, indeed, of 325,000 tons. 
The amount of malleable iron made during the past year 
was 195,000 tons, while the make of the previous year 
‘was 218,000 tons, which had only been exceeded on two 
previous occasions—in 1872, when the make was 220,000 
tons, and in 1876 when it rose to 230,000 tons. In re- 
gard to the price of bars it may be stated that the average 
over the year was 6/. 10s., as against 7/. in 1877, 71. 15s. 
in 1876, 8/. 15s. in 1875, 102 15s. in 1874, and 132 10s. 
in 1873, the highest average price recorded during recent 
years. 

The exports of Scotch pig iron during the past year— 
ander which head we take the forward shipments, the 
coastwise shipments, and what was carried by railway 
to England—amounted to 434,000 tons, as compared 
with 505,000 tons in 1877, the falling off being 71,000 
tons. There has certainly never been such a small 
annual return under that head since the year 1854, which 
is all the length we can go back on that point with the 
aid of the statistics before us. Taking the three items 
separately, we find that forward shipments, coastwise 
shipments, and quantity sent to England fell off to the 
extent of 21,500 tons, 9034 tons, and 21,965 tons respec- 
tively for the year. 

During the past year the stock of pig iron in Scotland 
‘was increased by 174,000 tons, which cannot be said to 
be the largest yearly increase on record. At the close of 
the year the total stock stood at 679,000 tons, the largest 
since the year 1864, at the close of which it stood ‘at 
760,000 tons. Of the stock held at the close of 1878 there 
were 479,588 tons in the hands of the makers, and 
199,417 tons in Messrs. Connal and Co.’s warrant stores. 
A considerable portion of what is in the hands of the 
makers consists of special brands, held by them in ex- 
pectation of higher prices. 

It cannot be said that the prospects of the Scotch pig- 
iron trade are at the present in any way encouraging, 
still there are facts from which encouragement may be 
taken. Pricesare lower now than they have been any 
time during the last twenty-six years; the most rigorous 
economy has been enforced upon the ironmasters by the 
dulness of times ; the latest scientific improvements have 
been applied in the construction and remodelling of the 
furnaces ; the railway companies have agreed to make 
concessions in the carriage rates on the raw materials for 
making pig iron ; and labour, which was so arbitrary in 
its demands, has been brought to feel the necessity of being 
morereasonable, Combined, these elements have greatly re- 
duced the cost of production, which will enable the Scotch 
ironmasters more successfully to compete with other iron- 
producing districts at home and abroad. The financial 
tempest which has passed over the country has swept 
away much that was unsatisfactory and hollow, thereby 

ng the way for the legitimate trader doing business 
ata profitin the future. The warlike contentions of 
the last two years seem to be subsiding, and a desire for 
peace among the nations is more apparent. The world’s 
— has been held almost in abeyance for the last 
‘ew years by the crises which have taken place in various 
countries ; but with peace and returning confidence, and 
with every commodity cheap, it is reasonable to expect 
a revival of commercial enterprise, and a gradual return 
to more prosperous times. 





ON THE ECONOMY OF RAILWAY 
WORKING.* 
By Mr. R. Price WiLL1AMs, of London. 
Tue business of common carriers, which the railway 
companies have now been engaged in for neary half a 
century, is so vast and so varied in its nature, as to make 


it difficult under circumstances to arrive at the exact 
cost of any one icular branch of it; this difficulty is 
increased by the absence, both in the companies’ own 


accounts, and in their published half-yearly reports, of any 
detailed information to enable the working expenses of the 
, goods, and mineral traffic to be separately de- 


In the opinion of some eminent railway managers, no good 





* Paper read before the Institution of Mechanical Engi- 
neers. 








or useful purpose would be served by such information 
being afforded; while, with some d of truth, it is 
urged that the prepfration of such detailed information 
would necessarily entailja considerable amount of additional 
time and trouble. * 

It is however quite clear that what alone is wanting in 
order to ascertain the actual cost of any particular branch 
of the traffic is fuller information in regard to the nature 
and amount of the traffic which each locomotive and vehicle 
has been engaged in working, together with the train 
mileage, running expenses, and cost of repairs ; information 
which, it is submitted, is scarccly more difficult, and 
certainly not more expensive to furnish, than that which 
the locomotive engineers of our ony oe railways have 
already furnished in the case of engires, showing the amount 
of repairs and renewals, and the mileage run by each, an 
all the working parts of the machine. The same remark 
applies with equal force to the information needed in the 
case of the carriage and wagon stock. 

It is true there are many items in the cost of railway 
working which in any case would have to be omy dealt 
with, such, for instance, as the working expenses of branch 
lines where the passenger, goods, and mineral traffic is 
mixed up together in the same trains. These items are, 
however, very small in amount and such as would not 
appreciably affect the calculations. In such cases the 
apportionment of the locomotive and other expenses in the 
ratio of the receipts from the respective classes of mixed 
traffic would, it is considered, practically and fairly adjust 
the difficulty. 

With full particulars afforded as regards the money 
earnings of each engine—the nature of the traffic it 
been engaged in—the mileage run—the tonnage carried— 
and the running and other wees of both passenger and 
goods traffic shown separate. 4 there can be little doubt 
that the cost of ha of each particular class of railway 
traffic could be determined with a nicety and exactness which 
it is impossible to realise at present. 

In the case of the various items of the working expenses 
common to all classes of ic, such as. “* the maintenance 
of way,’ ‘works,’ “ stations,’ ‘‘ general charges,”’ 
‘* rates and taxes,” “‘ legal and miscellaneous expenses,” a 
~~ and woes adjustment is obviously necessary. 

ealing with these items in the order set forth in the 
published reports, it may be observed that a very little 
consideration is sufficient to show that so far as the “‘ cost 
of the maintenance and renewals of the permanent way’’ is 
concerned, an apportionment based on the relative train 
mileages of the two principal classes of passenger and goods 
traffic most nearly fulfils the requirement of the case. The 
wear of the rails and the substructure of the road is largely 
affected, as is well known, both by the amount of the 
tonnage and the speed of the traffic. The experience on the 
Great Northern and Lancashire and Yorkshire Railways 
clearly shows that a very heavy and concentrated traffic at 


a slow speed is much less damaging to the road than where | h 


high speed is combined with heavy traffic ; for instance, at 
the Bolton station, where the traffic is very heavy but the 
speed slow, it required as much as 38,803,128 tons to wear 
out the iron rails,* while on the other hand, on the falling 

radients of 1 in 200 on the Great Northern up line between 

otters Bar and King’s Cross, where the speed, both of the 
passenger and goods traffic is great, the iron rails were 
worn out by a traffic of only 9,679,078 tons. Again, ona 
similar but rising gradient of 1 in 200 on the up main line 
of the same railway, a few miles north of Potters Bar, sub- 
jected to precisely the same amount of traffic-tonnage, but 
where the — of the goods and mineral traffic is neces- 
sarily much slower, it required more than double the 
amount of tonnage to wear out the iron rails. 

This is perhaps even more strikingly shown in the case 
of the down main line near Potters Bar, just opposite that 
portion of the up line already alluded to, where the renewals 
of the iron rails have been so frequent. 

Here, in addition to the fact that the goods and mineral 
traffic having to ascend a gradient of 1 in 200, travel ata 
much lower speed, the weight of the traffic is = 
much less, inasmuch as a large proportion of the 
trucks, which pass loaded over the descending gradient 
towards London, return along the ascending gradient 
empty. In fact, the total tonnage of the passenger, 

oods, and mineral traffic passing over this portion of the 

own line was in 1876 very little more than half that 
carried over the up line,t the tonnage of the goods and 
mineral traffic by themselves being considerably less than 
half that on the up line. As naturally might be expected, 
the renewals of the permanent way on this particular 
portion of the down line have been much less frequent than 
on the up line. 

That the element of speed largely affects the wear, and 
consequently the cost of the repairs of the permanent way 
and rolling stock is well known, so much so that in practice 
it is found that an average passenger train, weighing say 
134 tons and travelling at an average speed of 45 miles an 
hour, will do as much injury to the railway as a heavy coal 
train—weighing 400 tons—and travelling at an average 
speed of only 15 miles an hour; the product of the speed 

* Minutes of Proceedings, Institution of Civil Engineers, 
yol. xxv., p. 359. 


+ Vide Minutes of Proceedings of Institution of Civil 
Engineers, vol. xlvi. 





Up Line. 
tons. 
Passenger ... Sai eee ane 1,556,932 
Goods “a ae os - 5,553,600 
7,110,532 
Down Line. 
Passenger ... ode wee 1,398,150 
Goods a exe . 2,430,974 
3,829,124 


into the tonnage, or the speed-tons as they have been 
called, being the same in both cases— 
134 x 45—6030 
400 x 156000 
It is therefore clear that, so faras the cost of the 
maintenance and renewals of the permanent way is 
concerned, its apportionment between the passenger and 
goods traffic should be directly in the ratio of the 
train mileages of the respective traffics, since the effect of 
what the passenger train loses in weight is compensated by 
the increased speed ; and this method of apportionment has 
been adopted in the Tables accompanying this paper. 
As regards the other items of the permanent way ex- 
penses, such as ‘‘ repairs of stations’’ and “‘ works on line,”’ 
which are toa great extent independent of the train mileage, 


d| these are relatively so small* that whether they are ap- 


portioned in the ratios of the passenger and goods train 
milk , or in that of the passenger and goods receipts, the 
calculations are affected but little; in the tabular state- 
ments the train miles ratio has been adopted as affording 
sufficiently accurate results. 

As having a direct and important bearing upon the 
question of the economy of railway working, it may not 
army be out of place to draw attention here to the ve 
arge saving in the cost of the maintenance and rene 
of the permanent way which has already resulted from the 
substitution of Bessemer steel for iron rails. 

The average life of an iron rail on the most heavily- 
worked portions of the railways in this country may roundly 
be taken at about 17 million tons, this being a mean of 
the various traffic tonnages on different lines ; including 


has | the slow but heavy and concentrated traffic on the Lan- 


eashire and Yorkshire lines, and also the heavy and con- 
centrated traffic on the Great Northern main line already 
referred to.t 

The average ultimate life of a Bessemer steel rail is at 
present undeterminable, inasmuch as there is no instance of 
the ultimate life having been attained, at least under cir- 
cumstances analogous to those where iron rails had been 
used. The valuable and varied experience we now possess 
in regard to the wear of steel rails is, however, sufficient to 
show that not only do they possess much greater powers of 
endurance, but that the material itself is in every way 
more to be relied upon than iron. The very valuable and 
aan records which Mr. Webb has kept of the tonnage 
and amount of wear which the famous Bessemer steel rails 
at Crewe have undergone, and the results of similar ex- 
perience in regard to the Bessemer steel rails on the Great 
Northern, Great Eastern, Metropolitan, South-Eastern, 
and other principal railways, show that Bessemer steel 

ils when subjected to heavy and concentrated traffic 
such as the iron rails already mentioned have been exposed 
to, require on an average a traffic tonnage of 13,416,832 tons 
to wear down ; in.} of the rail head; so that, taking # in. 
as the available wearing depth of each head of a double- 

eaded rail, the measure of the tonnage life of an average 

Bessemer steel rail will be about 161 million tons, or 
roundly about nine times the average life of an iron rail. 

Fully to realise the importance of the economy already re- 
sulting from the substitution of Bessemer steel for iron rails, 
it may be mentioned that from returns which have been 
kindly furnished to the writer by the engineers of some of 
the principal — in the kingdom, he has been able to 
ascertain that at the present time about 10,194 miles of 
track, or just one-third of the entire railway mileage of the 
kingdom,§ are laid with steel rails; and, inasmuch as this 
mileage represents the most severely worked portions of the 
railway system, the effect must necessarily be very appre- 
ciably to reduce the cost of the ordinary maintenance, 
as well as the cost of the renewals of the permanent way. 

It is estimated that the annual saving, in labour alone, 
in the ordinary maintenance of the line, which has resulted 
from the less frequent breaking up of the permanent way 
where steel rails are now used, is equivalent to the savi 
of the services of at least a man in every two miles ; ro | 
this at 261. per mile would on the 10,194 miles of railway 
alone represent an annual saving of 265,0441. 

The present annual saving in the cost of renewals re- 
sulting from the laying down of steel rails on the 10,194 








* London and North-Western Railway, 1877 : 
Maintenance and renewals of perma- 
608,109 


nent wa one ooo 
Works and stations 137,894 


, 746,003 
+ Vide Minutes of Proceedings of Institution of Civil 
Engineers, vol. xxv. 
Great Northern Railway: 


Gradient rising 1 in 200 24,702,861 

» falling ,, 11,760,926 

” ” ” 13,484,661 

poe ” 99 eee eco 9,679,078 

9 93 %9 evs ete 12,116,382 

Lancashire and Yorkshire Railway : 

1 in 120 falling oe os eee 12,451,784 
Level slow speed... ihe 38,803,128 
9)122,998,880 


17,571,260 
(See Table No 11., Appendix, to be published hereafter.) 
of Trade Returns, 1877 : 





Miles of | Equivalent Miles 
ilway. of Single Line. 
Double ees ese 9,235 18,470 
Single eve eee 7,842 7,842 
17,077 26,312 
Sidings 25 per cent. 4,269 4,269 
21,346 30,581 
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miles of railway is estimated at 1.003,472 (see Table No. 11., 
Appendix) ; so that altogether the present saving in main- 

’ tenance and renewals of permanent way, irrespective of 
that due to the recent great reduction in the price of 
material, amounts to an annual sum of 1,156,026/., equi- 
valent to about } per cent. on the total paid-up ordinary 
capital of all the railways in the United Kingdom.* 


Locomotive Expenses. 


In the absence of any information in the half-yearly re- 
ports of the railway companies, such as would enable the 
cost of the maintenance and renewals of the passenger and 
goods engines to be separately determined, recourse must 

head, in apportioning those expenses, to the ratios of the 
poner and goods train mileage, just as in the case of 

he permanent way expenses. The amount of posssible 
error resulting from the adoption of this basis of apportion- 
ment would, it is poh mens be very small, and such as 
could not appreciably affect the reliability of the calcula- 


As regards the ‘‘ running expenses’’ however, which as a 
rule constitute about two-thirds of the entire locomotive 
working expenses, the first item ‘‘ wages” ought manifestly 
to be apportioned in the direct ratios of the train mileages 
and in the inverse ratios of the speeds of the respective 
passenger and goods trains ; that is to say, assuming, as is 
the case on the London and North-Western and Great 
Northern lines, that the average 5 of the passenger 
trains is 35 miles an hour, and that of the goods and mineral 
trains about 20 miles an hour, the ratios for apportioning 
the item of wages will be obtained by dividing the passenger 
and goods train mileages by the numbers 35 and 20 re- 
apy = 8 The results arrived at in these two instances 

ow! 


are as follows, and the ratios obtained, it will be seen, agree 
very nearly : 
London and North-Western Railway. 
, Ratios of 
Passenger Trains. Apportionment. 
15,981 878 ee 
Foe the =456,625—35.32 
35 speed 
Goods and Mineral 
Trains. 
Miles. 
16,719,802 —335,995=64.67 
20 speed 


1,292,620 100.00 


Great Northern Railway. 
Passenger Trains. Poco a 
Miles. er cent. 
5551 A =166,611= 35.48 
Goods and Mineral 
rains. 
Miles. 


6,061 28 —308,078= 64.32 





469,689 100.00 


The next important item in the “ running expenses”’ is the 
coal; which, in the case of the two railways just alluded 
to, constitutes about one-fourth of the entire i wor 
charges. Here it is evident that the apportionment shoul 
be in the direct ratios of the coal consumption per mile of 
the passenger and goods engines respectively, multiplied 
into the passenger and goods train mileages in each case. 
The result is as follows : 


London and North-Western Railway. 
Pounds Per 

per Mile. cent. 
Passenger engines 30.3 x 15,981,878= 484,250,903=31.77 
Goods ” 62.2 x 16,719,802=1,039,971,684—68.23 
100.00 

Great Northern Railway. 

Pounds Per 

per Mile. cent. 
28.4 5.831,405=135,611,902— 38.36 
43.9 x 6,061,558—=266,102,396= 61.64 


100.00 


The ratios of apportionment should be the same in the 
case of the item ‘* water.”’ - 

It is ‘as well to mention that the very large difference ob- 
servable in the goods engine coal consumption per mile on 
some of the railways (see Table 14 in Appendix), such 
for instance as in the case of the Lancashire and Yorkshire 

ilway, is accounted for by the very large amount of 
goods shunting done on that railway. This, as poin 
out by the locomotive superintendent, Mr. Barton Wright, 
amounts to about 120 per cent. on the total goods 
train mileage; for while he states that the coal con- 
— per goods train mile on that line is as much 
as 78.79 lb. per mile, it actually only amounted to 34.18 lb. 
per mile on the total goods engine mileage. ; 

The following tabular statement, derived chiefly from 
Mr. Findlay’s paper ‘‘On the Working of Railways,” 
read at the Institution of Civil Engineers,t affords some 
idea of the quantity of coal consumed by the two classes 
of engines on the London add North-Western Railway. 


Passenger engines 
Goods 9 





* Total ordinary capital of railways in the United King- 
dom in 1877, 265,041,233 
+ See Mr. Findlay’s 
vol. xli., page 4. ; 
t Minutes of Proceedings Inst. C.E., vol. xli. 


‘paper, Proceedings Inst. C.E., 





London and North-Western Railway. 
































Year ending 3lst June, 1874. 
“hae ory ae hes 
a} 4 |e |e Ss. [ee 
S 5 a 3 8 ig 
Traffic. 8 5 =| Ss : 3 os 18 & 
r=] ; 3 
a oa e I 3 g &. 
2 & & cf 33 gS oA 33 & 
No. No. | Ib. tons. | tons. 
Passenger | $91/14,460,568 |36,983/ 30.3] 195,605 | 5003 
Goods _ ...|1544/16,097,954 |10,426| 62.2| 447,006 | 2893 
1935/30,558,522 |15,792| 47.3) 645,276 | 3334 





Minor Items of Running Expenses. 

Some of the running and minor items of the running 
expenses, such as ‘‘ office expenses,” ‘“‘ general expenses,’’ 
&c., should certainly be apportioned in the ratio of the 
ome and goods traffic receipts; but, on the other 

d, there are other items, such as “‘salaries,’”’ ‘ oil,” 
‘‘ tallow,” and ‘‘ stores,’’ which should be apportioned in 
the ratios of the — rs and goods train mileages ; all 
these minor items have, however, as in the case of perma- 
nent way expenses, been apportioned in the latter ratios. 

_ The results arrived at by the several methods of appor- 
tionment already explained are summarised in the follow- 
ing statement, which shows the different percentages of 
the total locomotive expenses, attributed to the passenger 
4 goods traffic on all the principal railways north of the 

es : 


Locomotive Expenses. 




















P Attributed to 
Attributed to 

. Goods an 

Namine of Railway. ener Sinn 

? Trafic. 

per cent. per cent. 
London and North-Western*... 39.95 60.05 
Great Western*... eee a 39.51 60.49 
Midland*... ae ee 29.12 70.88 
Great Northern ... ose én 41.07 58.93 
Great Eastern ... ee dea 52.87 47.13 
North Eastern ... ‘oe od 29.66 70.34 
Manchester and Sheffield 35.06 64.94 
Lancashire and Yorkshire 42.02 57.98 
North Staffordshire... py 44.10 55.90 
Glasgow and South-Western ... 36.10 63.90 
onian ove ess pew 30. 69.08 
North British 87.84 62.16 
12) 458.22 741.78 
Average ... s- qe0 38.19 61.81 








* The details of these are given in Tables 4, 6, and 8. 


Cost of Carriage and Wagon Repairs. 

No special remark is necessary in to these ex- 
penses, which, as they are given ——_ y in the accounts 
of the en have been allocated to the passenger and 
goods traffic respectively. 


Trafic Expenses. ars 

The only instance where the expenses, which in the re- 
ports of the railway companies are designated as “‘ coaching 
and merchandise expenses,” are —_ separately, is in the 
case of the London and North-Western Railway reports. 
The full and complete manner in which the several 
items of these e: have there been separated, affords 
a means of verifying the correctness of the method adopted 
by the writer in apportioning these traffic charges, namely, 
in the ratio of the passenger and goods traffic receipts, in 
all cases where they are not shown separately. “ 

The chief reasons for having recourse to the ratios of 
r and goods traffic receipts are, that the results so 
arrived at correspond so closely with the actual amounts of 
the ‘‘ coaching” and ‘‘ merchandise” or in the case 
of the Laneen ane act hy pes Ys ; and further, —_ _ 
ratios which the passenger and goods expenses, thus de- 
rived, severally bear to the passenger and goods traffic 
receipts, still more closely correspond with the actual 
ratios which obtain in the London and North-Western 


passe’ 


case. 
With the exception of the item of “‘ demurrage of car- 
riages and wagons,” which is a in the ratio of 


the respective train milooge, and of the items of ‘‘ com- 
nsation to passengers 


an ,’ and of “‘ Government 
ty on the passenger traffie,”” which are all allocated 


a 

under their proper headings, the remaining items of work- 

ing expenses are apportioned in the ratio of the receipts 

from the respective sources of passenger and goods traffic. 
(To be continued.) 





Tux St. GorHarD TunNEL.—The te distance 
pierced on the St. Gothard Tunnel at the close of 1878 was 
7 miles 1235 yards. 


Mitp Sreev.—It is stated that at Thy-le-Chateau, 
Belgium, pig containing 2 per cent. of phosphorus has 
been converted into mild steel in a Ponsard furnace. Pro 
fessor Griiner has reported upon the experiments to the 
Paris Société d’ Encou ment, confirming the remarkable 
results obtained, which he attributes to two young English 








metallurgists, while he considers the construction of the 
apparatus a secon detail. 





MECHANICAL EQUIVALENTS. 
Wart ANNIVERSARY LECTURE. 


By way of commemorating the eminent services rendered 
to mankind at large by James Watt, the Philosophical 
Society of Greenock have, for a number of years, observed 
the anniversary of his birth in that town by the delivery 
of a public lecture by some well-known cultivator of 
science, more especially in the departments of mechanics 
and engineering. That lecture always forms a chief feature 
of the Philosophical Society’s session, and for the delivery of 
the present year’s Commemoration Lecture it was decided 
to secure the services of Professor Fleeming Jenkin, C.E., 
F.R.S., of the Baxter Chair of Engineering in the Uni- 
versity of Edinburgh. The lecture was given in the Watt 
Institute, and the subject chosen was ‘‘ Mechanical Equiva- 
lents.’”? There was a large and appreciative audience. 
After a few appropriate remarks from the chairman, Mr. 
John Neill, Jun., President of the Society and a well-known 
local cultivator of science, introduced the lecturer. 

Professor Jenkin commenced his discourse by remark- 
ing that he was a sensible of the honour of 
having been requested to deliver the Watt Anniversary 
Lecture at Greenock, and he truly Hy opps in the oppor- 
tunity of being the mouthpiece of the admiration and 
reverence which they all felt for the genius of that great 
man. Having made some further introductory remarks, 
he went on to givea sketch of Reuleaux’s kinematic 
of machines, and subsequently explained at some length the 
dynamic theory which he had hi proposed in his paper 
on ‘* The i of Graphic Methods to the Determi- 
nation of the Efficiency of Machinery,”’ which was published 
in vol. xxviii. of the Dtoencliens of the Royal Society of 
Edinburgh. gon mane $ 7 onmnere. Ses of m > 
diagrams, photographs, &c., by w lecture was suit~ 
ably illustrated, Professor in showed how the same 
‘* dynamic frame”’ (as it had been styled by the author of 
the theory) exists in a vast number of the mecha- 
nical po | Swany ha substituting straight links to re- 

resent the forces which each pi of a machine s i 
or that piece, it was explained that each of them co: be 
successively withdrawn; and that witha horizontal engine, 
a pair of pulleys and ropes, a wedge, &c. , when the substitu- 
tion was comp. , one and the same “‘ frame”’ a) 
The ‘‘frame,’’ which was the simplest that could be made 
with links so as to have one lundant number, was a 
quadrilateral with two diagonals. Professor Jenkin further 
explained that, by shaping the frame in accordance with 
very simple laws, the friction of all the parts could be 
taken into account, and in each case he gave an experi- 
mental demonstration to show that the relation between 
the driving effort and the resistance overcome was the same 
in the original machine as in the substituted ,‘‘ frame.’ The 
effect of resistances due to changes of waceity, ei in other 
words, to the inertia of the parts, could also taken into 
account by the same method, but required more complex 
calculations. But this of the theory was not enlarged 
upon by the lecturer. Hestated, in conclusion, that the 
object of the mechanism must be to calculate the ratio be- 
tween effort and resistance, or between energy 

useful work done, without neglecting any essential feature 
of the problem ; and he expressed the belief that the method 
illustrated was the simplest that had hitherto been proposed. 
with that object in view. 

At the close a cordial vote of thanks was awarded to the 
— professor for his very interesting and instructive 

ure. 





FOREIGN AND COLONIAL NOTES, 

Indian Coal.—The ont-turn of steam coal from the 
collieries of the East Indian Railway during the first half 
of 1878 was 114,152 tons, as com with 97,392 tons > 
the corresponding period of 1877. The quantity consum 
on the main line was 89,448 tons, at an average cost 
(exclusive of carriage) of 5s. 3}d. per ton. 

French and German Railways.—The German railwa; 
have eleven outlets en the western frontier, crossing the 
Rhine on sixteen bridges, while the French lines have only 
six outlets on the eastern frontier. The German lines 
which in 1870 carried 17 army corps with great speed and 

ect order, are able with their present facilities, 10,297 
ocomotives, 18,211 cars, with about 600,000 
seats, 4165 gage cars, 64,603 closed, and 135,555 open 
freight cars—to carry 40 army corps. In one point, how- 
ever, the German lines present, from a mili! point of 
view, a great weakness. They are under 87 different ad- 
ministrations, with all of which the Government must 
enter into negotiations in case of war, while the French 
lines belong to six large companies. 

Steel Rails on the Cleveland and Pittsburgh Railroad. 
—Two thousand tons of steel rails and 120, cross-ties 
have been put into the track of the Cleveland and Pitts- 

h Railroad. The main line between cena ee and the 


burg ' 
Ohio river is now laid with steel rails, ex: 
the workhouse north through the city of eland, where 
trains are confined to a slow rate of speed and 12 miles. 
between Alliance and Bayard. There are also six miles of 
steel rails laid from Yellow Creek eastward towards Pitts- 
burgh, making in all 87 miles of steel track. 

Steel Rails in Alsace and Lorraine.—The length of 
steel rails about to be laid in Alsace and Lorraine has been 
overstated. It does not exceed 106 miles. 


Largs Bay.—A report from the South Australian Board 
on outer harbour accommodatiou has been submitted to the. 
South Australian Parliament. The work proposed at 
Largs Bay is a screw-pile jetty 10,250 ft. in length, startin 
from the end of the present Semaphore way, an 
running in a north-westerly direction into 27 ft. of water, and 
a concrete breakwater running north three-quarters west 


from the end of the open pile work 1500 ft. in length, the 
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whole eastern side of the breakwater being a wharf. The pointed in January, 1878, to report to the French Minister the freight trans i i tates steam 
Board considers that from the shoal nature of the water | of Public Works om narrow gauge lines. The commissioners | line hes bam pe mes pete Sop in Bom 
1 to the south and south-west of the breakwater this recommend a reduction of the fanee to 3 ft. 3$in., andin | with an enormous grain elevator and terminal 
afford sufficient protection to vessels ving alongside. some instances even to 2 ft. 6 in. , They adyise the dis- | facilities atthe foot of Sixty-first-street, North River. 
The deep water entrance would be about 1000 ft., having pensing with fences, except at especially rous points, | Then comes a contemplated elevator of 1,000,000 bushels 
over 27 ft. at low water, while for 1800 ft. a depth of 26 ft. | and near dwellings ; that stations should consist merely | capacity which has been contracted for, and will be built 
would be available. of a waiting-room, ticket-office, and station-master’s | with the utmost despatch at the basin and long ‘docks in 
American Diamond Drills.—The mining department of | !0¢gings ; that the carriages should be of two classes, with | Hoboken, together with extensive warehouses on either 
Victoria somefew months since imported three American bly an upper story ; that they should be without use- | side of the basin, specifically arranged for the export and 
diamond drills for prospecting pur, on the goldfields of | ‘88 ornamentation ; and that the rolling stock should be re- | import trade. A new thro 4 route is also being opened 
Victoria, and one of them is now at work at Castlemain and | 2@¢ed toa minimum, in fact, that everything should be | to the south and west vid the New York Cen and 
another at Kingston. The drill at Castlemain was set to | ®*™@ged with a view to strict economy. Underthesecon- | Bound Brook lines. 
work first, and before it had been in use long several of the | ‘“itions they estimate the cost of the lines at an average of 
diamonds in it had broken, and apprehensions arose that | 200ut 45000. per mile. They estimate the average speed at 
the drills would turn out failures for the work they were in- | {*°™ nine to twelve miles per hour. Tue Rorat Instrrurion or Garat Brrrarn.—At 
tended todo. More diamonds, however, were fitted in the | The Yarra.—No settlement has been arrived at with | the general monthly —y > by this Institution held Feb- 
drill, and it has since worked satisfactorily, a depth of | respect to the old dock site in the Yarra, opposite the head | T4ry 3rd, Mr. Warren De La Rue, D.C.L., F.R.S-, was 
284 ft. through sandstone having been reached. The drill | of the Australian wharf, a promontory weleed for removal | ¢lected secretary of the Royal Institution, and Mr. William 
at Kingston is also worki well the sinking there being | by Sir John Coode as a serious obstruction to navi tion. | Spottiswoode, D.C.L., Pres. R.S., was elected manager. 
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ON THE APPLICATION OF THE SPEC- 
TROSCOPE TO THE ANALYSIS OF 
IRON AND STEEL.—No. I. 

By Joun Parry, F.C.S., and Auex. E. 
‘Tucker, F.C.S. 


ALTHOUGH much analytical ability with long 
continued observation has been brought to bear on 
the chemical constitution and physical properties of 
iron and steel, it is well within the experience of 
those interested in the subject, that chemical 
analysis sometimes fails to furnish any clue to the 
way in which the metal bears manipulation, that is 
to say, two samples of metal of apparently similar 
chemical composition may work very differently 
under similar mechanical treatment.* This fact is 
perhaps more marked in the higher classes of steel, 
although these, it may be noted, are just those which 
seem to contain the lowest gross percentage of 
bodies other than iron and carbon. This difficulty 
is already attracting the attention of practical steel 
makers, and attempts are being made to reconcile 
the differences. It has consequently been proposed 











Fig. 1. 



































to attach the mechanical testing-house to the labora- 
tory, and if the analysis, as ordinarily made, should 
not correspond to the mechanical tests, further in- 
vestigations will be carried out, 

We are aware that many practical men of un- 
questionable knowledge and ability do not hold the 
views above indicated, but are satisfied that chemical 
analysis as ordinarily practised meets all require- 
ments, and account for the observed differences by 
differences in molecular structure. The latest 
researches of Lockyer and others, however, show 
that it is practically impossible to obtain an abso- 
lutely pure element, this fact can only be demon- 
strated by the spectroscope, and therefore an abso- 
lutely complete analysis can be made only by the 
supplementary use of the spectroscope. 

The very considerable influence which heating 
alone may have on the chemical composition of iron 
and steel is well shown by the experiments of 
Graham, Van Troost, and Parry, in which it is 
proved that absorption and emission of certain 
elements may with facility occur. In addition to 
these considerations, the variation in composition of 
the glowing gases to which steel is exposed in heat- 
ing furnaces must not be ignored. 

The period when it was considered that such 
percentages as 0.05 S and 0.04 Ph, might or might 
not affect the quality of the metal is, we think, in 
the recollection of many. These quantities are now 
determined, and the presence of 0.01 per cent. 
more or less may now affect the sale of the metal, 
Granting all this, it is reasonable to say that the 
presence or absence of any given element in iron 
and steel must be considered and allowed for 
when the chemical and mechanical tests are com- 


In 1863 Professor W. Miller, in a paper ** On the 
Photographic Transparency of various Bodies,” re- 
marked thatthe photographedspectrum of an element 
was as much a function of that element as its specific 
gravity or atomic weight. In spite of the very interest- 





* A series of experiments which well illustrates this 

Peer Sree in Holley’s paper ‘‘ On the Chemical and 

sical Analysis of Phosphoric Steel,” Proceedings of the 
Institute of Civil Engineers, vol. liii. 
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ing results recorded this paper seems to haveattracted 
little attention, and it is only of late years that it has 
been shown that much superior results may be ob. 
tained by photography than by the usual method 
of simply registering the positions of the lines by 
what may be termed eye-work. The photograph is 
absolutely true, and remains once for all a record of 
the elements contained in any given substance. 
It is to be regretted that so few chemists 
have up to the last two or three years worked in 
this direction, consequently there is a dearth of 
information which has deterred many from taking 
up the subject. 

The original idea, therefore, of which the work 
recorded in these papers is the outcome, was that a 
spectrograph of a good rolling steel, when compared 
with another of a bad rolling steel, taken of course 
under as far as possible the same conditions, might 
afford a clue to the differences. It was thought 

ible that the use of the spectroscope might with 
oe of success, be directed to the qualitative detec- 
tion if not to the quantitative determination of such 
elements in commercial iron and steel as could be 


been the case, the instrument might have ed 
insufficient for its purpose. Every care is taken to 
work this coil to its full power, thereby inenring 
this respect equal intensity of photographic 
The ditticulties attendant on the working of + 
coils have undoubtedly impeded the use of the 
spectroscope in chemical laboratories ; among these 

ficulties adequate and convenient battery power 
has hitherto stood prominent.* The required 
power as stated by the makers of coils is in long 
continued working often found to so fail that it may 
become economical to start with half as many more’ 
cells, if not a yet greater number, in order to a’ 
the repeated cleaning and amalgamation necessary to 
maintain the ryry a perfect condition, Grove’s 
‘batteries were at first used by us; we found they 
required too much attention to keepclean, Bichro- 
mate batteries, dipping in wooden troughs, were then 
tried, but although great surface was and the 
were to an extent successful, they were not foun 
sufficiently constant, 

Twenty-five Bunsen cells of the following arrange- 





ment were next tried, The outer cells were charged 




































































REFERENCES TO Fia. 2. 

F. Illuminated micrometer scale. 

G. Sodium line adjustment. 

H. Electric light for photographing scale. 
K. Wires to batteries. 


Six-inch induction coils. 
Carbon holder. 


A. 
B. 
C. Lens. 

D. Telescope with adjustable slit. 

E. Camera. 

determined only by laborious chemical analysis, or 
such as altogether failed to respond to any other 
known process for their detection. 

The work entailed in this inquiry has been con- 
siderable. By way of illustration we may here note 
the apparant discrepancies in the results obtained by 
two eminent physicists, which results, it will be 
seen, bear directly on the point at issue. In Pro- 
fessor Bunsen’s spectral analytical researches (Pog- 

endorf’s Annalen, vol. clv., and Philosophical Maga- 
zine, December, 1875) we read: ‘‘If a substance, 
volatile only at a high temperature, and giving a 
well marked line spectrum, be mixed with increasing 
pees of another, volatile at low temperatures, 

ut giving no spectrum, the spectrum of the former 
is gradually rendered less marked until at last it can 
scarcely be recognised... . . This phenomenon 
finds its explanation in the circumstance that the 
temperature of the heated mixture is always equal 
to the volatilisation temperature of the least* 
volatile of the substances contained in it, so that 
those substances which are volatile at a higher 
temperature cannot as yet be recognised.” On the 
other hand, the researches of Lockyer result in 
showing the extreme difficulty of obtaining a pure 
spectrum, 

From these considerations it is expected that at a 
period when much scientific ube ees is being 
made into the chemical and physical characters of 
iron and steel, the stating of methods tried in this 
research, though subsequently abandoned, may be 
hardly less useful to many interested in the sub- 
ject than the recording of results which have 
proved successful, 

The temperature of the Bunsen flame was found 
too low for the production of spectra of the majority 
of elements concerned, An ordinary blast blowpipe, 
and afterwards a Fletcher’s hot blast with oxygen, 
were tried with increasing effect, they were, how- 
ever, found insufficient to produce satisfactory 
spectra. A 6 in. coil was, therefore, obtained. This 
coil gives a remarkably thick spark, and had not this 





* The condition of the substances bei to 
trodes main the eabatanons bing annlecrt f 
probably intended in this translation. 





with water only, and the inner with a mixture of 
three-quarters of nitric acid, and one-quarter of 
sulphuric acid, added to their bulk of a saturated 
solution of potassic dichromate. This battery was 
satisfactory, increasing in its potential during two 
days after being charged ; it then remained constant 
during eight days, after which its potential fell ; 
this was renewed by the addition of a few drops of 
sulphuric acid to the zinc cells. A battery was in 
this way obtained which remained constant for a 
month, The objection to its use was its excessive 
consumption of zinc. Further attempts were made 
to construct simple batteries by using large blocks of 
gas carbon, and substituting iron plates for zinc; 
these only worked small coils. A battery, ac- 
cording to the design of Bunsen (figured in Philo- 
sophical Magazine, December, 1875) was then con- 
structed, but it was not successful, 

The arrangement finally adopted and in present 
use is this: There are twelve cells, each cell con- 
sists of the following parts : a glazed jar, 220 by 110 
by 160 mm., two carbon plates 100 by 23 by 5 mm,, 
and two 5 by 50 by 23 mm., one circular porous F 04 
230 by 60 mm., one zinc rod 25 by 230 mm. 
carbons are connected, The zinc rod has a hole in 
both its ends, the upper of which contains a drop of 
mercury, into this the wire from the previous cell 
9 e arrangement is further shown in Fig. I. 

e outer cell is charged with a solution composed of 
three-quarters nitric acid and one-quarter sniphurie 
acid added to their bulk of a saturated solution of 
potassic dichromate. The inner cell is charged with 
a sth solution of sulphuric acid, To discon- 
nect the battery, the wires are slipped out of the 
zinc rods, and the porous pots lifted out of the 
liquid on to astone or glass tray; the zincs are next 
taken and put into water. To charge the battery 
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these operations are of course simply reversed. 
The time occupied in these operations is not more 
than two minutes. This battery gives every satis- 
faction, it is at once cheap, constant, and econo- 
mical, and furnishes a very fair electric light. 

In addition to this battery, we have another con- 
sisting of twelve quart Bunsen cells of the ordinary 
form. These two batteries are kept ina mowers 
room. Fig. 2 shows the arrangement of coils, &c., as 
now in use. The second coil gives a 7-in. spark 
with less battery power than the first. From its 
low quantity, however, it is not so well adapted for 
the spark spectra. The carbon holder is of the 
usual form, but has two binding screws at the ends 
of the sliding rods, by which a most convenient 
erank-like movement is obtained. The spectro- 
8 is an ordinary single prism instrument with a 
divided circle and vernier ; it has a telescope with 
spider threads for fixing the position of any given 
line; the micrometer scale is illuminated by an 
electric lamp, worked by the same battery as that 
which’ works the coil. This lamp was con- 
structed for the production of arc-spectra; for this 
purpose one of the carbons is made to automatically 
vibrate by a contact-making arrangement. After- 
wards a stream of oxygen was blown on the points 
in order to supply the intensity which from the bat- 
tery alone was somewhat deficient. These experi- 
ments were not, however, successful ; various plans 
to increase the intensity of the arc have also been 
tried, chief among which is due to Mr. Ellison, 
of the engineering department at Ebbw Vale, in 
which the sparks from two coils cross at right 
angles. No apparent constant benefit was obtained 
by any of these experiments. 

In the production of spark spectra, the following 
electrodes have been used. 1. Electrodes made of 
the substance whose spectra it was wished to take ; 
these were abandoned first on account of air lines, 
secondly, because their application is limited. The 
emission of air lines was often so considerable as to 
render the recognition of the metal lines difficult. 
The results when obtained were therefore irregular, 
and the spectrographs taken valueless. Continued 
moistening with hydrochloric acid failed to sufli- 
ciently avoid this difficulty. We believe opinions 
may differ on this matter, but the above is our ex- 
= Air lines, though possibly recognisable 

y the eye, are of course registered in the camera, 
and hence their presence in the spark must be rigo- 
rously avoided. 2. Two looped platinum wires 
moistened with the chlorides, ese loops by 
capillarity conveniently held a drop of the solution. 
To make the results more certain, the ends of 
rerenny wires from the coil were stuck in these 

s as shown in Fig. 3. In this way the spark 

could not but pass through the liquid. Air lines 
were still produced. 3. The ingenious method 
given in ‘‘ Practische Spectralanalyse irdisher Stoffe 
von Dr. H. Vogel,” was then tried. It did not for 
pe a sufficiently avoid air lines,* moreover 
the vapour formed impeded the photographic effect. 
4. Beads of various salts fused when necessary with 
carbonate of soda or borax were afterwards tried. 
Practical difficulties here came in, the bead being 
often mechanically pierced, the metal points exposed, 
and air linesagain given. Moreover the use of large 
percentages of foreign bodies was, for reasons to be 
ereafter given, considered objectionable. Finally, 
the carbon points recommended by Professor 
Bunsen were used, and, by adopting precautions 
: je by him, very satisfactory results were obtained. 

‘hese points are obtained from drawing charcoal, 
by cutting it into conical pieces about three centi- 
metres long with a base of half a centimetre. One 
of the platinum wires of the spark holder is inserted 
into a small hole drilled in the base of these points. 
The other platinum is used as an electrode. These 
Fm oe easily purified by long digestion with 

ydrochloric acid and thorough washing in water. 
On arranging these electrodes at an interval of .4 
centimetre, and merretr ord fifteem minutes the 
spectrum on a sensitise te, tue image formed 
was found to be abeclaiely free air lines, 
indeed nothing but a few carbon lines which are 
now regarded as a constant in our spectra, and 
therefore as datum lines, seem to be recorded. In 

* The | romecks Ee sags, Cases tion = 

apropos: ** iissigk: itiv und der Aussen 
hiv, so ersbeint das spectrum der Fltesigkoit sclten, 
ur aber das Laftapectram. . » » Oft bemerkt man einen 

Transport von Subs vom negativen Pol zum itiven. 

den Strom umkebrt, so erbilt man 

m, welches 
eise Kann man 





Linien zeigen und in dieser 


Spuren von Stoffen entdecken, die man sonst iibersieht.’’ 








the event ot air lines being produced with these 
carbons, they are _—* by the accompanying 
cracking sound, as well as by the disappearance of 
the flaming spark. Should they occur, the cap is at 
once put on the slit of the spectroscope and the 
points adjusted. 

In the next paper we Le Oy to treat of the photo- 
graphic work connected with the spectra, and the 
coincidences of the lines in different spectra of com- 
pounds into which various elements have been pur- 
posely introduced. We have found that all steels 
tested contain aluminum and calcium. In photograph- 
ing the spectrum of Bessemer steel proper, the great 
number of iron lines renders it difficult to identify 
lines due to other elements. We have made efforts 
to remove as much iron as possibie in a solution of 
Bessemer steel, therebyrendering it easier to identify 
such other elements as may occur, and we expect 
good results in this direction. 








PAN AMALGAMATION OF SILVER ORES 
IN NEVADA AND COLORADO. 
By T. Eaueston, Ph, D. 
(Continued from page 44.) 

If the mill companies treat their own ores only, 
the mills are said to be ‘“‘company” mills. If they 
do not, but treat ores for others, the mills are said 
to be “custom” mills; the only difference being 
that in the first case the ore is dumped into shoots, 
and treated as it comes to the mill, while in the 
latter case it is kept carefully separated in bins made 
for the purpose, and each lot treated by itself. 

The ore, whether it is purchased, treated for 
others, or from the mines of the company, is sampled 
as it comes from the mine, This sampling is 
usually done on the crushed ore, the sample being 
taken as it falls through the crusher. Some of the 
mechanical methods of making assays have already 
been described. (See ENGINEERING, vol. xxii., page 
495.) At Stewart’s Mill the assay sample is taken 
mechanically by a very simple arrangement. The 
ore from the jaws of the crusher falls down a 
shoot into a conduit passing to the elevator. Below 
the shoot, in the conduit, a box about 1] in. long 
and 2 in. wide is fixed to an iron rod which makes 
12 revolutions a minute. At every revolution 
of the rod, the box passes under the mouth of the 
shoot, It is filled with ore, and empties itself 
through an opening in the conduit into a box be- 
neath it. The machine is calculated to collect a 
sample of 75 lb, to the ton of ore. In this same 
mill, in addition to the crusher sample, the ore is 
also automatically sampled for the guidance of the 
mill managers on the battery pulp. The pulp is 
discharged from the stamps through screens with 
fifty meshes to the inch upon the mortar apron, 
which has three holes jin. in diameter, through 
which a certain portion of the ore drops into the 
same arrangement which is used in the crusher. The 
sample taken is about 70 lb, from every ton, each 
lot of ore being always kept separate. A sample 
from this is taken in the ordinary way. As the 
discharge from the stamps is uniform, the sample so 
collected will represent the average value of the ore. 

The ore is usually delivered by rail into the ore 
bins at the highest elevation of the mill, and from 
this point it must descend without handling. 
Figs. 6 to 10 (see engravings on pages 134 and 135) 
show the arrangement of the ore bins at the Con- 
solidated Virginia Mill. The ore is usually screened 
though not always, The object of screening is not 
only to size the ore, but also to separate the pieces 
of iron tools which are frequently found in it, and 
which would damage the crushers and stamps if they 
passed through them. When the ore is not screened, 
the largest pieces are picked out by hand to go toa 
crusher, which is generally Blake’s, and which is too 
well known to need any description. Dodge’s 
crusher is sometimes used in Colorado, It is not 
so well known as Blake’s, but as it is very compact, 
and icularly adapted to this method of ing 
quick samples, as it has both sieves and rolls at- 
tached, a description of it is given. For general 
—— however, it will not do as much work as 

lake’s crusher. It consists of two jaws a, Fig. 11, 
which are bolted to their respective positions, one 
being fixed and the other movable on a lever c, 
moved by an excentric 4. The box din which the 
fulcrum ¢ of the lever ¢ moves, is adjustable hori- 
zontally by set. screws f and washers or plates pv. 
The crusher proper is fastened to a stand to which 
the rollers m and p and the sieves ¢ are attached. It 
is fastened by bolts g. A flywheel is attached to 
the shaft ¢ upon which the eccentric 4, the pinion 4, 





the ratchet wheels x, and the flywheels o, with the 
tight and loose pulleys on the opposite side are at- 
tached. The spur-wheel / is driven by the pinion 
k which is keyed to the shaft of the roller p, which 
causes it to revolve. The other roller mis moved 
by a gear on the opposite side of the crusher. Its 


Fig. 7. 
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shaft is in a box adjustable by a set screw g by a 
rubber spring r backed with a cast-iron washer or 
cap between this box and the screw q so as to give 
elasticity to the roller. There are four sets of 
gear, for the purpose of using the rolls until 
they are completely worn down. The sieve ¢ is 
moved by a ratchet lever s, The shaking table ¢ 
containing the sieve, is for the purpose of taking 
out that part of the ore already crushed between 
the jaws, and to relieve the rollers from the work 
of passing it through them again ; also to distribute 
the ore evenly to the rollers from end to end, so 
that they should wear evenly. This shaking table 
is supported by alever w~ under the jaw of the stamp. 
The motion of the screen is assisted by a spring w. 
The crusher is provided with patent soft wrought- 
iron crushing jaws a, which it is asserted wear 
longer than the hard cast iron ones, The shells of 
the rolls are made of steel, which does not wear 
into grooves and ridges as easily as cast iron. 
Dodge's crusher weighs 7500 lb., and requires six 
to eight horse power. The flywheel makes 200 re- 
volutions per minute, and crushes two tons of ore 
per hour. 

When the ore is screened,’ the screens are ar- 
ranged to deliver the large pieces in front of: the 
crusher, and to discharge the screenings into. thé 
stamp hopper. In such cases, one Blake’s crusher 
is more than sufficient to do the whole work of any 
of the sixty stamp mills of Nevada. When the ore 
comes from the mine in very large pieces, theré 
should be two series of crushers of different sizes at 
different levels ; in which case the large size crushers 
take all the ore, and feed directly into troughs lead- 
ing to iron screens which allow the ore small enough 
to go to the stamp hoppers to pass and discharge 
the rest upon the next size crusher, and so on: 
One large crusher will then feed into two small ones, 
This supposes the mill to be built on the side of a 
hill and to have plenty of fall. The first crusher 
should break the ore into pieces of about 2 square 
inches ; this will allow flat pieces of this size to 
pass, but they will be broken in the crusher below. 
All the ore should go through this breaker in wet 
crushing, and in order to keep down the dust, a 
small stream of water may be allowed to run 
through it ; for while it injures the machinery, the 
dust often contains the richest part of the ore, as 
found by assay in some of the mills in Colorado. 
In the lower crusher the jaws should almost meet. 
This breaker should feed by shoots into a pocket 
which should connect with the battery. The dies 
of this breaker weigh about 250 lb., and last about 
three months when not broken by accident. By 
using two crushers the consumption of iron will be 
reduced to 0.3 lb. per ton of rock stamped. Thé 
great gain of using a crusher is shown by Mr. 
Adams, who states that at the Owyhee Mill the 
stamps weighed 650 lb., “er sixty times a 
minute, with an average fall of 8} in., the: shoes 
and dies were used until they were worn so ‘that 
the drop was 10 in. By breaking the ore by hand 
to medium size, the mill crushed 28 tons a day; 
breaking small by hand 30 tons; breaking large by 
Blake’s crusher 33 tons, and breaking fine 37 tons. 
By increasing the rate of speed to 93 and 95 drops 
per minute, and using a coarse screen, the produc- 
tion was increased to 48 tons. 

In the Brunswick Mill each crusher requires one 
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man and a helper to draw the ore out of the shoots. 
At the Consolidated Virginia the arrangement of 
the mill is such that one man does all this work. 
The floors of the mill should be kept clean, and 
should be frequently washed, the result of the 
washing being caught in the agitators. No loose 
mercury should be found on the floors or tables, or 
anywhere else. The mercury should properly never 
be touched, but in any case the whole floor of the 
mill should be washed at least once a day. All 
the drainage of the floors should be towards the 
agitators, and all drains should empty there. 

The stamps always occupy the long end of the 
building, and are arranged in batteries of five 
stamps each, four batteries being usually placed 
together with a passage way between them. 
Occasionally only two batteries are placed together. 
In some mills both arrangements are adopted. The 
Brunswick Mill has 56 stamps; four sets at each end, 
or eight altogether, are arranged with two batteries 
of five stamps together, making 40 stamps. In the 
middle there is one set: of four with four stamps to 
each battery, making 16. The Consolidated Virginia 
has three sets of four, placed together. The usual 
arrangement is, however, to make the series uniform 
both in numbers of mortars placed together, and of 
stamps in each battery. Opinions and practice 
differ with regard to the weight and speed of stamps, 
some favouring light weight and great speed, and 
others the contrary; but high speed requires. that 
extra care should be taken with the bolts, and that 
everything should be kept perfectly tight, or the 
battery would soon rattle itself to pieces. The 
general experience is in favour of heavy stamps with 
great speed and short drops. 

It will be found that low feeding is best with iron 
almost touching iron, but this requires a very skilful 
workman who will feed uniformly bysound. Under 
this system more stems will be broken than by high 
feeding, but even if 15 per cent. of the stems are 
broken every month, this will be compensated for 
by the increased duty of the stamps. In any case 
the ore ought to be delivered to the stamps of uni- 
form size, so small, if possible, that one blow of the 
stamp head will crush it. If the ore is large it may 
require several blows. The larger the pieces in the 
mortar the less the drop will be, and consequently 
the less effective the work of the stamp. 

In the battery only just enough water should be 
used to keep the screens clear. ‘This will vary with 
the ore ; the more it is likely to pack, the more water 
must be used. When water is scarce low feeding 
is necessary, as the mortar would otherwise soon 
become choked. If too much water is used the 
quantity of slimes will be largely increased. There 
should be as much fall as possible from the battery 
to the tanks, so that there will be no danger of the 
launders becoming choked. The amount of water 
required is usually 250 to 300 cubic feet per ton of 
rock treated, or about 101b. per minute. In the 
Brunswick Mill the supply is given by a 3-in. pipe. 
The Eureka Mill uses 12 miner’s inches. is in- 
cludes all the water used in the mill, 

It is supplied in Nevada by the water companies, 
and is measured by the miner’s inch. 

As it is impossible to have the feed perfectly con- 
stant when regulated by hand, automatic feeders are 
being introduced. This is the most economical 
method where the ore is broken uniformly. The 
jar and noise of the battery, and the fatigue of 
constant attention, is such that the men generally 
become careless. It requires a tough and intelligent 
man to stand the work for twelve hours, but if the 
work is pressed, and the mill large, no automatic 
feeder can take the place of a faithful and intelligent 
man, who will feed his battery so low that the shoes 
and dies almost meet. 

In the Brunswick Mill, where there are 56 stamps, 
and no automatic feeders, three feeders on shifts of 
eight hours are required to do the work of the mill. 
The condition of the ore as it leaves the stamps 
varies according to the size of the screens. 

A mechanical analysis of the ore of the South 
Aurora Mill, Nevada, consisting mostly of chloride 
of silver, and yielding 78 dols. to 128 dols. per ton, 
is cited by Raymond. 


Water eco oe eee an 0.400 
Metallic iron... a pve ove ial 0.006 
Silver ... dea ee oes eve par 0.145 
Remained on No. 40 screen ote 0.025 
s me oa és 1.978 

= 100 ,, La 

Passed 100, ide «. 81.296 
100.000 
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This ore has the following chemical composition : 
Silica é oni oll She «» 49.600 
Carbonate of lime ... me 48.808 
Sesquioxide of iron i 0.600 

lumina ... sb wee 0.400 
Magnesia ... = eae trace 
Chloride of silver ... Se 0.192 
Water ne ia , 0.400 

100.000 


There is a great variation of practice with regard 
to battery amalgamation. It is thought to be neces- 
sary by some, in order to catch most of the native 
metal in the mortar, leaving the sulpbides and 
chlorides of silver to be acted on in the pans. Most 
of the ores of Nevada contain some free gold, 
most of which is caught in the mortar if amalga- 
mation is practised there. ‘This is a constant temp- 
tation to the workmen to steal, as it is much more 
valuable than the silver amalgam, and is much more 
easily carried off in small quantities. Its only real 
advantage is in the possibility of catching some of 
the float gold which might otherwise be lost in the 
battery tailings, ‘The loss where there is no battery 
amalgamation, is found to be about one per cent., 
most of which will be regained in the slimes, Inthe 
mortar the mercury is floured, besides every castin 
is full of holes and flaws, which become filled with a 
hard dry gold amalgam, and a considerable amount 
is often collected from the battery pieces, amounting 
in some cases to several ounces ; and even the most 
careful workman cannot prevent a certain loss, 
either because it cannot be picked out, or because 
it escapes observation. Every crack or notch in the 
wood or ironwork about the mill becomes filled and 
it is very doubtful if more is not lost than saved, as 
the pans will catch almost everything. 

The discharge from the battery will vary accord- 
ing as the mill is for wet or dry crushing. In dr 
crushing the whole front of the mortar is closed. 
The ore from the screens is discharged upon a hori- 
zontal endless table, which carries it toa receptacle 
from which it is generally carried by an endless 
chain with buckets to a hopper which discharges into 
the furnace where it is to be worked. In wet 
crushing the splash-box ends in a sluice, which 
carries the pulp into vats where it collects. 

When the ore — roasting it is always first 
roasted and then chloridised, the object of which is 
to convert all the silver into chloride, which is easily 
decomposed by the reactions of the pan, and readily 
yields the metal to the mercury. 

There have been a great variety of furnaces in- 
vented to roast the ore. The difficulty in doing it 
is the expense of labour. A great many attempts 
have been made to do away with the roasting, and 
hence the invention of Briickner’s cylinders (ENGI- 
NEERING, vol. xxii., page 515), and other mechanical 
furnaces, and of the Stetefeldt furnace. Experience 
has shown, however, that when the ores are very 
‘‘ heavy,” that is, contain a very large amount of 
a me they cannot compete with the old- 
fashioned reverberatory furnaces, with long hearths. 
When the ores are light, that is, contain but little 
sulphur, they all work well, but the Stetefeldt fur- 
nace, which works admirably in Nevada on light 
ores, could only chloridise up to 50 or 60 per cent. 
At the Stewart Mill, where the ore contained 40 per 
cent. of sulphur, the tailings averaged 35 oz. of silver, 
which did not pay to work, but they were by far too 
rich for the economical reduction of the ore, and on 
this account the Stetefeldt furnace was torn down 
and reverberatory furnaces substituted for it, which 
burn five cords of wood for 12 tons of ore in 24 
hours. Working three shifts three men are required. 

When the ore is roasted a chlorination assay is 
made of every charge of roasted ore. A shovelful, 
or 2 lb. or 3 lb., is taken, from which one-tenth is 
used for the assay. This is leached on a filter with 
hyposulphite of soda, until all the silver is dissolved, 
which requires from 12 hours to 24 hours. The 
filter is burned and calcined with its residue, and an 
ordinary assay made of it. Atthe same time, an 
assay of the unleached ore is made, making two 
assays, one on the leached ore and residue, and the 
other on the ore as it comes from the furnace. The 
whole amount of silver in the ore is thus determined. 
The amount of silver that can be leached out shows 
the character of the roasting. 

From the front of the cooling floor in dry crush- 
ing, and from the front of the stamp down, in wet 
crushing, the — , the — should be made double 
to prevent any loss of ore, and especially of mercury. 
In wet crushing mills the floors are aneed 80 ate 
be water-tight. In the best of the recently con- 
structed mills, the floor of the stamp level is made to 








incline to a central trough under the battery floor, 
which connects with the pulp tanks, It is washed 
down two or three times a day, 

In the pan-room the floor between the pans and 
settlers is made to incline towards the centre, and 
communicates with a settling vat, sc as to catch any 
mercury, This is swept up several times a day, 
whenever there is any accumulation, This is a 
necessary precaution against the loss of mercury and 
amalgam. The pan-room with its settling vats is 
arranged, in wet crushing, either at right angles to 
the stamps, as in the Consolidated Virginia and 
Eureka Mills, or parallel to them as in the Bruns- 
wick Mill. 

In wet crushing, the ore from the mortar is dis- 
charged into a splash-box which connects with a 
trough that inclines in such a way as to deliver 
the pulp most effectually. It is usually arranged 
in two sets, each one of which inclines in from 
the outside towards the centre of the mill, and 
delivers the pulp into the settling vats. This main 
sluice delivers into another running along the settlin 
vats with a discharge for each vat, which is close 
by a wooden gate whenit is full. These sluices are 
6 in. to8 in.deep. Their width depends upon the 


& | number of mortars discharging into them. 


In the Eureka Mill the discharge is from the bat- 
tery into a sluice 10 ft. long, 6 in. to 8 in. deep, with 
an incline to the centre, Here it enters a sluice 
running at right angles to the mill, made into com- 
partments 6 in, by 6 in., and arranged with gates, 
so that the stream can be made to diverge into 
any vat by means of an inclined trough, regulated 
by agate. The fall of the main sluice is 6 in. in 12 ft. 

In the Brunswick Mill there are 17 pulp vats 
which communicate with 13 slime vats, 8 ft. long 
and 4 ft, wide. In the Consolidated Virginia there 
are 42 pulp and 42 slime vats, 9 ft. long, 6 ft. wide, 
and 3 ft. deep, each pulp vat having its own slime 
vat. There the pulp and slime vats are on the same 
level, and for this reason, as they do not have to 
be transported from a lower level, the slimes are 
treated with the pulp, and not as formerly kept 
separate. 

In the Eureka there are 16 pulp vats, 8 on each 
side of the floor, in double rows, They are 7 ft. 
by 10 ft., and 34 ft. deep. From the slime vats in 
the latter mill, the overflow either goes to the slime 
reservoir, where it is again settled, or goes to waste. 
This reservoir is 500 ft. long and 60 ft. broad. No- 
thing has ever been taken out of it. There will not 
be less than 5 to 10 per cent. of battery slimes from 
the Comstock ores, 

There are generally 50 to 100 tons of pulp ata 
time on the settling floor, and often more than this. 

The arrangement of these vats is either at right 
angles to the stamps or parallel to them. The way 
they are to be arranged is determined by the lay of 
the ground, or by the same causes which influence 
the arrangement of the pans. There should be as 
many as possible, in order to do as much of the 
settling under cover as can be done, so that there 
shall be no stoppage on account of the weather in 
winter, or careless handling on account of the cold. 
They are always arranged so that as soon as one vat 
is emptied, the overflow from the others can be 
turned into it. When the mill is working with its 
proper complement of men, not more than three or 
four vats will ever be full of sand, 

The work of discharging goes on constantly. 
The slimes are lifted out with a light iron bucket 
one foot in diameter, with a gas-pipe handle about 
8 ft. long, and thrown upon the floor behind the 
pans, ‘They are of the consistency of very thick 
mud, and are arran in sucha way as to drain 
a little, but this is not necessary, as they are wet 
again when they go back into the pans. 

The greatest possible number of the vats should 
be kept settling, but as every tank, before it is dis- 
charged, must be settled, at least two and generally 
three or four are full at once. This settling is ne- 
cessary, so that the sand will be sufficiently con- 
sistent to be thrown out on the Ses floor, This 
is done when the vat is full. e pulp is: then 
turned off and the vat settled, and the water baled 
or pumped out, As soon as the pulp is consistent 
enough to be handled, it is thrown out on the drying 
floor behind the pans, which drains into the- slime 
vats. This floor is 18 in. deep, and 8 ft; to 10 ft. 
wide, the length depending on the length of the 
building. At the Eureka it is 65 ft. long. “At 
the Consolidated Virginia it is 5 ft. 6 in, wide, and 
the length of the mill; it projects 3 ft. over the 
slime vats. At the Eureka Mill, five men do this work. 

(To be continued.) 
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LOCOMOTIVES AT THE PARIS 
EXHIBITION—No. XIV. 
SWITZERLAND. 

Or special interest amongst the exhibits of Switzer- 
land were those contributed by M. Riggenbach, of 
Aarau, and illustrating the application of rack-rail 
locomotives for working steep gradients, a system 
with which his name is so intimately associated, It 
is now rather more than a year and a half since we 
published in this journal (vide page 413 of our twenty- 
third volume) an account of the introduction of rack. 
rail railways, and of M. Riggenbach's connexion with 
the development of that system in Europe, while we 
at the same time gave sketches of the leading types 
of rack-rail locomotives then in use. Under these 
circumstances it will be unnecessary that we should 
go over the same ground here, and we, therefore, 
pro to confine ourselves chietly to an account 
of M. Riggenbach’s exhibits at Paris. 

These exhibits included a full-sized locomotive 
of the type of which we give engravings above, 
some models illustrating other arrangements of rack- 
rail locomotives, and examples of the rack-rail, &c. 
The locomotives which M. Riggenbach has designed 
for rack-rail service vary greatly in their arrange- 
ment and proportions according to the nature of the 
work demanded from them ; but they may all be 
divided into two principal classes, of which the first 
includes those engines which exercise tractive 
power through the medium of the rack-rail alone, 
while the second class comprises locomotives of what 








LOCOMOTIVE FOR RACK-RAIL RAILWAYS, AT THE PARIS EXHIBITION. 
CONSTRUCTED BY THE ATELIERS DE CONSTRUCTION POUR LE MATERIEL DES CHEMINS DE FER A FORTES RAMPES, AARAU, SWITZERLAND. 
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M. Riggenbach terms the “mixed” type, these 
engines being able to haul a load either by means of 
the rack or by the adhesion of their carrying wheels 
on the ordinary rails. To the former class belong 
the engines made for working the Vilznau-Rigi, the 
Kahlenberg, Schwabenberg, the Arth-Rigi, and 
the Rorschack-Heiden railways, while the loco- 
motives for the Ostermundigen, the Wasseralfingen, 
and some other lines belong to the ‘“ mixed” class, 
as did also the locomotive shown at Paris. 

This locomotive, of which we give an elevation 
and plan in Figs. 1 and 2, above, was constructed at 
the Ateliers de Construction pour le Matériel des 
Chemins de Fer fortes Rampes, at Aarau, of which 
works M. Riggenbach is the managing director and 
M. Roman Abt, the engineer. As will be seen 
by our engravings it is a four-wheeled engine, the 
carrying wheels being connected by coupling rods 
to overhung cranks at the ends of a cross-shaft d 
situated just below the crankshaft/, and capable of 
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being connected to the latter by gear, as we shall 
explain presently. Another cross-shaft slightly in 


advance of that to which the carrying wheels are 
coupled, carries the large spur wheel z, which engages 
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with the rack on such parts of the line as this rack 
is laid down. 

The crankshaft carries two pinions sliding on 
feathers, these pinions being connected to a pair of 
levers shown in the plan, Fig. 2, and these levers 
a their ends furthest from the pinions con- 
nected by links w to a pair of cranks on a vertical 
shaft which can be partially rotated by gear under 
the command of the engine-driver. ‘This arrange- 
ment for shifting the pinions is further explained by 
the diagrams, Figs. 3 to 5, on page 130. In these 
a ¢, and 7, are the two pinions on the crank- 





By the arrangement we have described it is thus 
rendered possible to drive either the coupled wheels 
which carry the engine or the spur wheel z gearing 
into the rack, thus rendering the eugine capable of 
hauling by means of the latter or by its adhesion 
on the rails in the ordinary way. 

The engine we are describing has, as will be seen, 
outside cylinders, these being 11.8 in. in diameter 
with 19.7 in. stroke. The valve gear is also out- 
side, and is of the Allan straight link type. The boiler 
is 3 ft. 4.55 in. in diameter in the barrel, and con- 
tains 133 tubes 1.77 in diameter and 7 ft. 6.5 in. 




































































directly into the rack, and it is thus equal to 
2 

eet T1985 Ib. for each pound of effective 

pressure per square inch in the pistons. The weight 

of the engine is as follows : 


tons. 

Weight of engine em eas bie 14.4 
” water in boiler ... se ase 1.0 

” 3. tank eee eee eee 1-6 

” fuel ooo ove 1,0 


Total... op oo Oe 
The subjoined Table gives the loads which the 
e makers to be capable of 




























































































t, 7, is the spur wheel on the shaft which is | long, the heating surface being as follows: engine is considered by 
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coupled to the carrying axles, and z is the spur 
wheel, which gears into the rack. In the skeleton 
diagram, Fig. 5, the cranks on the vertical shaft 
to which we have alluded, instead of acting 
through the instrumentality of the levers are 
for the sake of simplicity supposed to be con- 
nected direct toithe pinions to be shifted. The 
pinions never entirely disengage from the wheels 
into which they gear, but they are made as shown 
in Fig. 3, so they do not always engage with the 
feathers on the shaft. With the partsin the position 
shown by Fig. 4, for example, both pinions will be 
free on their shaft, while a movement of the vertical 
shaft through a quarter of a circle will bring the 
crank a into the position of 4, while the crank 4 will 
reach the position 4,, the effect of this change 
being to bring the pinion ¢, fully into gear with 
the wheel z, and also to cause it to engage with the 
feathers on its shaft. At the same time the pinion 
é, will have been shifted slightly further out of gear 
and then back again into the position which it 
occupies in Fig. 4. A movement of the vertical 
shaft in the other direction, on the contrary, would 
bring the pinion ¢; fully into gear, and cause ¢, 
to remain idle, motion being then transmitted to the 


wheel ¢, on the shaft d, while the large spur wheel z 
gearing into the rack, would cease to be driven, 
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. ft. 
Firebox surface 2.4 
Tubes ... te 479.0 

Total ... 541.4 


The diameter of the pinion ¢, on the crankshaft 
is 540 millimetres (21.22 in.), and the pitch 100 milli- 
metres (3.94 in.), while the large wheel z, into 
which the pinion ¢, gears, and which in its turn 
gears into the rack, is 1050 millimetres (3 ft. 
5.34 in.), in diameter, the ratio of the wheel and 


1050 _ 1.944: 1. The other pinion 


540 
¢, on the crankshaft is 450 millimetres (17.72 in.) 
in diameter and 80 millimetres (3.15 in.) pitch, and 
the wheel on the shaft d, into which the pinion 
gears, is of the same diameter, the shaft d, and 
consequently the coupled wheels running at the 
same number of revolutions as the crankshaft. 
The diameter of the coupled wheels is 2 ft. 11.4 in., 
and the tractive force which the engine is capable 
of exerting when working the coupled wheels is thus 


a = 77.5 lb. for each pound of effective 
pressure per square inch in the pistons. When 
working with the rack-rail gear, the tractive power 
is of course the same as if the pinion ¢, geared 


pinion thus being 





dealing with on the various gradients stated, hauling 
by simple adhesion, or by the use of the rack re- 


spectively : 








| 
: Load taken by Simple Load taken by Use 
Gradient. Adhesion. | of Rack. 
tons. 
Level 300 
1 in 100 150 
1,, 50 90 
1,, #0 70 
| ee ad 110 
oe 90 
1,, 16 75 
: we 60 
1,, 12 50 











The engine is stated to be capable of taking the 
load of 90 tons up 1 in 50 at the rate of 12} to 
154 miles per hour, or the same load up 1 in 20 (by 
the aid of the rack) at a speed of from 6} to 7} miles 
per hour, while it is also capable of controlling the 
descent on the same gradients of a load of 140 tons. 
The arrangement of retarding the engine and train 
during a descent consists of brake- Nlocks applied 
to the peripheries of the crank discs, as shown, and 
also of a counterpressure air brake, this last being 
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the arrangement ordinarily used, the brake-blocks 
on the crank discs only being equates under excep- 
tional ciremstances. The air-brake arrangement 
consistsmerely of an air valve on the exhaust pipe and 
an air escape cock on a pipe communicating with the 
steam pipe. To retard the train the engine is re- 
versed, and the air valve set so that the pistons by 
their pumping action draw air through the air 
valve instead of from the smokebox through the 
ordinary exhaust nozzle. The regulator is closed, 
and the air compressed by the action of the pistons, 
instead of being delivered into the boiler, is allowed 
to escape through the air discharge cock which is 
under the control of the engine-driver. By closing 
this cock, the engine can be brought easily to a 
stand. During the descent the cylinders are lubri- 
cated by the injection of a mixture of oil and water. 
Of the remaining details of the locomotive exhibited 
at Paris it is unnecessary to give further particulars 
here, and we need only add that the proportions 
were substantial and the workmanship good. 

Figs. 6, 7, and 8 on page 130 show a portion of 
the rack rail and mode of fixing it to the sleepers. 
The teeth, which are of steel, are 100 millimetres 
(3.94 in.) pitch, and are rivetted into a pair of 
channel irons forming the side of the rack as shown, 
these channel irons being bolted down to castings 
resting on the sleepers. These castings are in‘their 
turn bolted to the sleepers, a lip m preventing sliding 
down the incline. Where the rack commences a 
length is introduced having one end hinged to the 
fixed rack, and the outer end supported by springs. 
This length of rack has the teeth placed at a pitch 
varying from the normal pitch at the fixed end toa 
greater pitchat the other. When the engine arrives at 
a part of the line where the rack is laid down, the wheel 
« first comes into contact with alength of rack which 
is capable of yielding to the pressure of the wheel 
teeth if the latter do not come fairly into gear, 
while the vernier-like arrangement of the teeth on 
the yielding length insures that the wheel shall 
gear properly before the fixed portion of the rack 
is reached. By this ingenious arrangement the 
trouble which would otherwise be experienced 
in bringing the wheel in the engine properly into 
gear with each section of the rack is effectually got 
over. 

The type of engine illustrated by Figs. 9 and 10 
on page 13] is one intended for branch line 
service, and it was represented at Paris by a 
skeleton model only. In this case the engine 
is carried at the hind end by a pair of wheels 
of which the axle is fitted with radial axle-boxes, 
and at the front end by the arrangement of wheels 
shown in the plan, Fig. 10, there being a pair of 
coupled axles having four wheels on each. ‘The 
outer pair of wheels on each of the coupled axles 
are keyed on those axles in the usual way, and are 
set to the same gauge as the trailing wheels, so that 
they run on the ordinary rails; the inner pair of 
wheels, on the other hand, run loose on the axle and 
bear upon rails laid to a narrower gauge at such 

rts of the line as are provided with the rack. 
Between the coupled axles just referred to, and 
coupled to them by overhung cranks, is another axle 
provided with a spur wheel capable of gearing into 
the raek rail. 

So long as this engine is working on the level 

rtions of the line it operates like an ordinary 
eeemetive hauling its train by the adhesion of the 
coupled wheels, the spur wheel on the central shaft 
and the inner pairs of wheels on the coupled axles 
revolving freely in the air. Un a steep part of the 
line provided with the rack being reached, however, 
the inner pairs of wheels on the coupled axles come 
upon the rails provided for them, these rails being so 
elevated that the outer pairs of coupled wheels are 
raised clear of their rails, Under these circumstances 
the coupled wheels revolve freely in the air, and the 
hauling is done 7 the aid of the spur wheel and 
rack alone. As will be seen from our engravings, the 
engine has outside cylinders and inside valve gear. 
the latter giving motion to the valves through rock- 
ing shafts. 

Besides the engineand model, which we have already 
noticed, M, Riggenbach exhibited at Paris another 
skeleton model showing the type of engine which he 
had adopted in the Ostermundigen and Wasseralfin- 

n lines, and the lines at the establishment of M. 
Gas Honegger, at Ruti. In this type* the con- 
necting rods are coupled to cranks on a carrying 
pinion which gears into the rack wheel, this latter 





* This type of engine is shown ig. 8 on page 413 of 
our twenty-third volume. ma 








wheel being fixed on a shaft which is coupled to the | y 


two axles on which the engine is carried. The 
carrying wheels in this case have a diameter equal 
to that of the spur wheel on its pitch line, so that 
on the portions of the line laid with the rack, the 
carrying wheels and the spur wheel act in unison. 
One effect of the arrangement is that on the portions 
of the line not laid with the rack the speed at which 
the engine can be worked is limited by that at which 
the shaft carrying the pinion can conveniently be run. 

Besides the engines for the rack-rail system the 
Swiss Section at the Paris Exhibition contained three 
locomotives constructed at the Swiss Locomotive 
and Engine Works, of Winterthur, of which esta- 
blishment Mr. Charles Brown is the manager. Of 
these locomotives one was intended for tramway ser- 
vice, a second was a locomotive and steam crane com- 
bined, while the third was a small tank locomotive 
rated by the makers as 50 horse power. Of the 
tramway engine and the locomotive crane we shall 
speak on a future occasion, while of the small tank 
locomotive we shall also postpone a detailed descrip- 
tion until we publish engravings of it, as we intend 
to do shortly. In the meantime, however, we may 
state that it was a four-wheeled engine with outside 
cylinders and outside valve gear of the type de- 
signed and patented by Mr. Brown and illustrated 
by us on page 324 of our twenty-fourth volume. 
As in the case of the engine there illustrated, also, 
the motion was transmitted from the pistons to the 
driving wheels through the intervention of rocking 
levers. As in all engines constructed from Mr. 
Brown's designs, the details included many features 
of special interest, but of these we shall speak when 
we publish illustrations. The workmanship of all 
the engines exhibited by the Swiss Locomotive and 
Engine Works of thoroughly good and characterised 
by high finish. 





IRON SHIPBUILDING AT WEST 
HARTLEPOOL. 

Tue growth of the iron shipbuilding industry in the 
north has been of late one of the most prominent of the 
promising features of industrial development, and at no 
town is this more fully the case than at West Hartlepool. 
In comparison with the age of the town the industry is 
old, but shipbuilding there only dates back a quarter of a 
century, and at its commencement it was in timber only. 
The first vessel launched at West Hartlepool was the 
Mirage, a wooden clipper vessel of 832 tons, the date 
being in August, 1854. In the following year, the first 
iron vessel, a screw steamer of 520 tons, was launched 
from the yard of the same owners, Messrs. J. Pile and 
Co., and for some two or three years iron and wood alter- 
nated in the list of launches, which were of a total ton- 
nage, in 1854, of 832 tons; in 1855, of 3250 tons; in 
1856, of 861 tons; in 1857, of 1550 tons; in 1858, of 
4677 tons ; and in 1859, of 5220 tons. From this date, 
with two exceptions, the tonnage launched from the 
yard has been of iron, the alterations having chiefly been 
from sailing vessels to screw steamers, with an occa- 
sional paddle vessel. The firm changed its title first to 
Pile, Spence, and Co., afterwards becoming a company, but 
preserving the old title, with the addition of “limited.” 
As the years passed on, the tonnage of the vessels in- 
creased, and thus the contributions of the West Hartle- 
pool yard to the mercantile marine became larger. In 
1861 there were eleven vessels launched, the total ton- 
nage being 9945 tons, the largest-sized vessel being a 
wood sailing ship of 1550 tons. In 1865 eleven vessels 
were again launched, but the tonnage was larger in the 
average, and in the aggregate—one of the eleven being a 
vessel of 1852 tons—and the total of the yard for the 
year being 13,252 tons. In the following year the col- 
lapse of the limited company occurred, and though its 
liquidators deemed it desirable to carry on the yard, it 
was for a year or two with a diminishing staff, and with 
a lower output of tonnage. In 1869 it passed into the 
hands of Messrs. Denton, Gray, and Co., who had pre- 
viously carried on the Middleton shipyard, and they 
speedily increased the number of the launches. In 1871 
the number of vessels built was eighteen, the aggregate 
tonnage being slightly over 16,000 tons; in 1872 this 
was exceeded, the tonnage launched being in the total, 
17,781. The death of the senior partner caused a change 
in the firm, which became W. Gray and Co., under whom 
an even larger amount of shipping has been built. 
Taking only the three last years, during which there has 
been very considerable briskness in the industry, it may 
be said that in 1876 the launches were those of nine 
vessels, the aggregate of which was 12,834 tons. In 
1877 there were fifteen vessels launched of 22,564 tons; 
aud last year the launches were those of seventeen 
vessels, the total being 28,202 tons, this being, it is be- 
lieved, the largest of any firm in the kingdom in the 
period. The growth, it will be noticed, is not so observ- 
able in the number of vessels built as in the tonnage, the 
comparatively small average tonnage of early years having 
given place to one much larger. During the last three 








ears the vessels built have varied from 1200 tons to 
2245 tons; and an increasing number have been screw 
steamers, the horse power of the engines in the three 
years having risen from 750 to 2460. The position of 
the port, its youth, and the growth of vast import and 
export trades centring there, must have largely contri- 
buted to that development of the shipbuilding industry, 
whilst the contiguity to the great rolling mills of the 
Cleveland ironmasters’ district gives abundant and cheap 
materials. In the present year it is probable that there 
will be at the Hartlepools the completion of the ad- 
dition to the dock system, which will materially add to 
the importance of the port, as well as tend to develop an 
even larger trade than that now known, and these are fa- 
vouring circumstances in regard to the future of the ship- 
building industry. 


THE “THUNDERER” EXPLOSION. 
To THE EDITOR oF ENGINEERING. 

S1z,—I had intended to address to you a few remarks 
in “7 to, or rather to supplement, the letter of my friend 
Mr. Merrifield, but extreme pressure of work has hitherto 
prevented my doing so. 

In his able and useful résumé of the points raised in the 
controversy down to that date, Mr. Merrifield points out 
that of the nine suggested causes of the explosion “‘ there 
are eight which turn on some real vice of the artillery 
system in present use,’’ and this is unfortunately a fact 
which cannot be denied. I now write to point out a tenth 
— cause of the explosion, which I believe to be the 

e explanation, and which shows two additional “real 
vices’’ of the Armstrong-Fraser gun. 

But I will first gl some of the points raised by 
Mr. Merrifield, and will eliminate the suggested cause 
which he deals first with, and which seems to have been 
adopted by. Woolwich with the natural desire to shift the 
responsibility from the makers of the gun to the makers of 
the hydraulic-loading machinery, forgetting that this is 
only a device called into existence by the obstinate reten- 
tion by Woolwich of ‘‘ the clumsy method of loading at the 
muzzle.” 

It would no doubt be very delightful if all further bother 
and rumpus could be stopped by the dictum, ‘‘ Oh, the shot 
slipped forward when that infernal hydraulic rammer was 
withdrawn, and of course the gun burst, and so would any 
gun that ever was or ever could be made.”” This has been 
reiterated so often in tones of such authority, and as if 
it were such an unassailed and unassailable truism, that 
not only is it swallowed whole by the public, and by the 
writers in the non-scientific newspapers, but even Mr. 
Merrifield is induced to think there may be something in 
it, although he is far too sound a mathematician to deceive 
himself into fancying that he understands it. 

Of course he does not understand it. There is nothing 
to understand. Itis simply not true. If a given quantity 
of gas, of a given density or pressure, is enclosed in a re- 
ceiver of given dimensions, increasing the size of the re- 
ceiver can only diminish the pressure, and the facts that 
the gas is derived from the ignition of gunpowder, and 
that the receiver is a portion of the bore of the gun, do not 
import conditions that in any way alter the problem ; that 
is, as regards the general abstract proposition. But in one 
case an explosion might be looked for, not on account of 
any abstruse ‘‘ recoil wave’ theory, but simply because 
if the powder chamber is elongated beyond a certain point, 
the internal pressure, although reduced, is yet exercised 
upon a portion of the gun which was not designed to resist 
it and is too weak. Hence an explosion may be looked for. 
Certain Blakeley’s guns sent out to the Confederate 
States of America, were designed to be fired, and could 
only be fired with large air spaces, and this was, I believe, 
also the case with some of the extemporised Confederate 
rifled guns. 

Mr. Merrifield refers to the supposed analogy of small 
arms, and says, “* cay: and sportsmen using smooth 
bores on horseback have always made it a practice to try 
that the charges were home, both in carbines and horse 
pistols, before using them after a long ride.”” That is true, 
and the practice was pretty general even after long walks, 
but not for fear of a burst, but as [ have always under- 
stood, for fear of a ‘‘ -fire.”” 

The analogy which has been sought to be set up between 
an air space ind the shot, and one between the shot and 
the muzzle, as in the familiar instance of a fowling-picce 
bursting through the accidental introduction of a plug of 
snow or mud at the muzzle has, as Mr. Merrifield points 
out, no existence, and for this among other reasons, 
that the air in an air s behind the shot mizes with the 
powder gas instead of being compressed by it. 

On one point only must I differ from Mr. Merrifield 
when stating his own view, namely, when alluding to Sir 
William P; r’s suggestion that the wad may have been 
too efficient, and that the shot may have driven through it 
until the shoulder of the shot pm the wad acting against 
each other, like two reverse wedges (the former being driven 
by the powder and the latter by the continuously increas- 
ing friction against the bore induced by its own expansion 
under the driving of the shot) er ws | a state of equili- 
brium ; he then states ‘‘ the wad is not a wedge wad but a 
dise of pier-maché with a boss in the middle, through 
which there is a taper hole to receive the point of the shell.” 
True it is not called a ‘“‘ wedge wad” in the service, and 
there is a wad that is called a ‘‘ wedge wad,”’ but for all 
that the papier-maché wad is a wedge wad, and Mr. 
Merrifield’s own description of it proves this, for what is a 
** dise of papier-maché with a boss in the middle through 
which there is a taper hole to receive the point of the shell” 
but a very omy description of a siasaiee wedge wad? 

_ But now I come to what in my judgment was clearly the 
immediate cause of the bursting of the gun. If you will 
turn to the tell-tale portrait of the gun after the explosion 
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in the Graphic of the 25th of January, it is there distinctly 
shown that the steel tube has given way just in rear of the 
junction of the breech coil with the central coil. Now the 
apparent strength of the gun at that point, looking at it 
from the outside, is very great, but the real strength is very 
slight ; for the junction is, as regards the all-important 
part next the steel tube, simply a rectangular butt joint, 
and the whole strength of the gun is reduced to the outer 
portion of the central coil. Now the tube having gone in 
rear of this open joint the gas must necessarily have entered 
it, and it would then act on a largely increased sectional 
area and periphery, meeting with only a very much reduced 
resistance. 

You will say, however, that this is no explanation of the 
bursting of the tube. No doubt; but this, I think, may be 
accounted for by a description of what took place prior to 
the explosion by a correspondent of the Globe with the fleet, 
which seems to have been overlooked. He says that when 
the gun was loaded with the fatal charge, the shell stuck, 
and had to be withdrawn, and was then, on a second 
attempt, driven home by the hydraulic rammer. Whether 
by this he means that the first attempt was by hand, it is im- 
possible to say, but it does not much signify, as the cause 
of the shell sticking would be the same in either case, and 
was probably that the steel tube had been cracked by a 
previous, perhaps the last preceding, charge, for we know 
that these steel tubes do crack. Then the same crack, and 
consequent roughness and irregularity, which made the 
shell stick in going in might make it catch in going out, or 
it might increase the tendency of the studs to jam in the 
‘* increasing twist,’’ or by catching the wad it might have 
been the cause of the wedge action being commenced between 
the shell and the wad, or, finally, if the shell slipped for- 
ward to that point before the gun was fired, the powder 
chamber would then be elongated to a point where the gun, 
although strong enough as long as the gas was kept out of 
the open joint by a solid uncracked tube, had become by 
the crack in the tube totally unable to resist the strain re- 
quired of it as a portion of the powder chamber. 

Thus two additional and very serious faults in the gun 
must be added to Mr. Merrifield’s catalogue. 1. The open 
rectangular butt joint as the junction between the breech 
coil and the central coil. 2. The steel tube avowedly and 
necessarily liable to crack. 

What is the remedy? First to withdraw the guns from 
the Navy altogether, for itis not fair to shut men up in 
confined spaces with such guns. Secondly, to call in all 
the Armstrong-Fraser guns to Woolwich, take out the 
existing tubes, ream up the guns to a certain extent, and 
then introduce new tubes of increased thickness and 
strength, either all steel as before, or steel surrounded by 
a continuous iron coil, or finally coiled tubes. Either of 
these three would probably increase the strength of the gun, 
but they would at all events diminish the chance of an ex- 
plosive burst. Above all, in rifling the new tubes, let them 
be rifled with a uniform twist. 

Nearly twenty years ago, while attached to Her Majesty’s 
Legation at the Hague, it was my duty to report on Dutch 
bronze, a material very little known and less understood, 
and also on Dutch experiments with rifled guns. I con- 
sequently became intimate with the officers of the Dutch 
Artillery Bureau, and one day discussing a well-known 
foreign artillery officer, one of my Dutch friends, a very 
shrewd, hard-headed, and cautious man, said ‘‘ il a trop de 
savanterie.”? This is just the commodity existing in excess 
at Woolwich, for what is the ‘‘ accelerating twist,’’ but the 
very ne plus ultra of pedantry? It is well described by 
Mr. Merrifield as a “ crotchet’’ which ‘‘ bas misdirected 
the mechanical skill of our artillery officers to the devising 
of experiments for nursing a bad weapon instead of to the 
production of a good one.” : : 

But then it should be always borne in mind that the 
business which an artillery officer is taught is to fight guns, 
and not to make them. He may or may not prove to be a 
good gunmaker, but if he fails, the blame should be 
awarded not to him but to those who have put him to the 
wrong work. 

I am, Sir, your obedient servant, 
Hope. 
Army and Navy Club, February 9, 1879. 

P.S.—Before sending this to you, I have read the truly 
astounding statement sent round to the newspapers by the 
Admiralty. At first, I thought I had better withhold this 
letter, but after discussing the matter with several officers, 
both naval and military, I have decided to send it, and this 
for two reasons, (1), that the greater part of it is in any 
event equally true, (2) that I have not yet met any one 
who believes the statement sent home by the Committee 
from Malta. What! With two commissioned and several 
non-commissioned officers in charge of the. gun, they did 
not know that it had not been fired? That it had notre- 
coiled? That it had to be run back by hand? That it 
had not been sponged out? That it had some 5 ft. of 
charge still in it? That the hydraulic rammer would not 
go home? Of course nothing is impossible, but if all these 
utterly incredible things are sober facts, and really occurred, 
not in the confusion of action, but in deliberate practice, a 
far graver objection to muzzle-loading has been discovered 
than any which were previously known to exist. But of this 
the Admiralty and the War Office may be quite certain, 
that as the Commission has chosen to sit with closed doors 
—a proceeding as unscientific as it is un-English—no one 
will believe this incredible tale until repeated on oath at 
Portsmouth before {keen cross-examining barristers, and in 
the full glare of unlimited reporters.—W. H. 

February 10, 1879. 

To THE EDITOR OF ENGINEERING. 

S1r,—The Thunderer’s Gun Committee is still sitting, 
and likely to last at least another fortnight. The aspect of 
the member's faces as they split up for lunch, or depart at 
the close of their day’s labours, is a study of oppressive 





survey. The dockyard with its reduced staff is busy with 
the tensile tests, and it is a toss up whether the fragments 
of the gun or the staff first give way under the great ten- 
sion to which they are being subjected. 

Although the I/lustrated and Graphic have exactly dis- 
similar portraits of the gun, no one here is allowed to see 
it, so as to make a choice between the two. All this 
mystery tends to give currency to the wildest reports, and 
answers no good purpose whatever. 

One thing ‘has however leaked out. No one, dead or 
alive, is to blame. The accident has arisen from a con- 
glomeration of circumstances, not likely to occur again 
under 1666 years ; but whenever it does occur, the con- 
glomerate is sure to prove hard enough to smash up any 
gun built, rifled and loaded on the Woolwich system. This 
theory rather reminds one of Marryat’s carpenter in 
‘* Peter Simple,’’ who always put his head for safety 
into the first hole made by the enemy’s shot, the odds, 
calculated by Professor Inman, being 32,647 and some 
decimals to boot, that another ball would not come in at 
the same hole. When the report is published you will find 
that each member of the Committee has and re- 
membered Peter. 

Yours sincerely, 


Unirorm Twist. 
Malta, February 6, 1879. 








ELECTRIC LIGHTING. 
To THE EDITOR OF ENGINEERING. 

Srr,—For some months past the experiments with elec- 
tricity as a means of illumination, have probably attracted 
more popular attention than any other single subject in 
mechanics, chemistry, or physics. The scientist has made 
the difficulties and possibilities of the matter a theme for 
lecture and discussion—a thousand bright, inventive brains 
have been working day and night at the problem— editorial 
pens in various lands have been swift to write upon every 
statement or rumour affecting the question, while in- 
telligent people everywhere have eagerly listened to or read 
every word spoken or written upon the subject. 

What is the meaning of this unwon' excitement re- 
garding an invention not more remarkable in itself than 
many that preceded it, and which have been accepted with 
short-lived surprise? ‘Probably the mysterious nature of 
electricity and the marvellous improvements already 
wrought by its agency in telegraphy, &c., coupled with the 
brilliancy of the light it promises, attach an unusual 
interest to the experiment. This has been further heightened 
by the fact that in this instance, the inventor has de- 
liberately undertaken a feat declared by science to be im- 
practicable, and the popular heart is always stirred by a 
resolute attack upon impregnable points. 

Undoubtedly, too, the excitement has been further 
stimulated by the fact that the business of lighting large 
communities the world over, has for a long term of years 
been a substantial monopoly, so conducted that the an- 
tagonism between manufacturer and consumer, almost 
inevitably resulting from exclusive privileges, has not failed 
to grow up. In this case it has assumed unusual bitterness, 
because the provocation has been unusual. Artificial light 
is at once a symbol and a prime necessity of civilisation, 
and the people have naturally expected it to improve in 
quality and lessen in cost as the arts advance. This ex- 
pectation has not been realised, but on the coutrary the 
corporations to whom the public has ted princely 
franchises have pursued a repressive policy, keeping the 
standard of illumination as low and the price, therefore, as 
high as possible, and employing the great profits yielded by 
the business to buy or kill off any genuine competition. 

Meantime this great industry, constantly growing to 
greater proportions, has become a surprising illustration of 
the aggregation and, what is more unfortunate, the con- 
centration of a colossal capital. It will doubtless astonish 
most readers to be informed that the vast sum invested in 
gaslighting plants, all over the globe, is controlled by com- 

aratively few strong hands in the three cities of London, 
Paris, and New York, and that this great interest, if not 
identical with, is at least in close sympathy with a second 
one representing the ownership of corti ituminous coals. 
This double interest has established a policy which, as 
already stated, is not only conservative within, but preven- 
tive of any external competition, which partly explains the 
remarkable fact recently stated by so high an authority as 
Dr. Frankland, that analytical tests for a comparison de- 
monstrate that absolutely no improvement in the quality of 
gas has been accomplisked by the old method in London 
during the last twenty-five years. 

It has happened, however, despite a powerful resistance 
from this organisation, that the new water-gas system has 
within three or four years past gained such favour and 
foothold in the United States as to the ply 
and weaken its stocks, and the electric excitement follow- 
ing swiftly after, it is not strange that the managers of the 
old method should betray the alarm illustrated by the heavy 
decline in their shares. 

Nor is it strange, in view of what has been said, that the 
general public should give less sympathy to them than to 
the invention promising a better and cheaper light. 

But the real significance of this intense popular excite- 
ment as to the prospects of electric lighting, is scarcely 
touched by any of the foregoing facts. It is the undefined 
premonition of a great advance, which conservatism, 
though it would fain hinder, cannot long delay, a 
wonderful invprovement in the utilisation and applica- 
tion of fuels. It may yet be uncertain whether electricity 
shall supplant gas-lighting, or merely divide the business, 
but it is certain that whether its success be partial or com- 
plete, the change in no event compares in importance with 
the greater one to which it is merely collateral. For it 
must be conceded that questions of artificial light, im- 
portant as they are to the race, do not touch so wide a 
range of wants as questions of heat, though it is probable 








that the two will hereafter be more closely related than 
heretofore. It has loug been well understood that in the 
utilisation of fuels our present civilisation is more behind 
the age than in any other of its arts, while the waste of 
material and force affects almost every industry. 

This great loss is of course mainly one of imperfect con- 
version, and is c ble chiefly to two facts, viz. : 

1. The solid condition of the substances generally em- 
ployed to yield carbon, such as coal, wood, &c. 

2. The fact that their gasefaction and combustion have 
been accomplished in atmospheric air, subject to the de- 
preciative influence of the non-combustible nitrogen therein 
intermixed with oxygen in the proportion of four to one. 

In the ——— of the water-gas methods already 
referred to, while applied heretofore almost exclusively to 
the pw 8 of illumination, it has been demonstrated that 
their value is not to be measured by the marked success they 
have accomplished in that province. After a struggle 
almost unprecedented in inventive history, it is shown that 
carbon may be converted in an atmosphere of steam 
economically, and the difficulty (No. 2) mentioned above 
avoided, and will then yield a pure combustible mixture 
of much greater available calorific value than it has been 
— heretofore to obtain from the same weight of crude 

uel. 


e 

No intelligent mind doubts that a gas fuel possesses the 
greatest possible advantage in the particulars of comfort, 
convenience, directness of application, efficiency, &c., and 
now that proof is given that this form is, even in real cost, 
cheaper than the crude, its speedy adoption is inevitable. 
Since it is only the of a fuel that are useful to the 

urchaser, whether he be a cook or an ironmaster, when 

e can buy them in just the condition best suited to his 
necessities, deliv in a form at the very point of 
combustion without the labour of handling, and at a less 
price than he can procure crude materials unsuited to bis 
wants, he will not hesitate long in choosing. It is evident 
that a system so important to civilisation as the distribu- 
tion of fuel gas is not to be ong ay but rather helped by a 
success of the electric principle, for should the business of 
illuminating by the distillation of coal be cut off to-morrow, 
leaving the vast network of gas pipes — their owners 
have an opportunity by an intelligent and prompt adoption 
of the new fuel-gas principle to carry forward their opera- 
tions to an immeasurably larger scale than ever before. 
The recent discovery by Mr. Strong, of America, that the 
new system can utilise to the highest economic advantage 
coal slack and other forms of carbon which have hitherto 
been deemed of little value, is very significant of the coming 
change. also is the unexpected development of the 
petroleum supply, so in excess of the present demands of 
the world, that the markets are glutted, an immense 
accumulation is stored at the wells and the producers are 
perplexed and discouraged. This new form of carbon, so 
admirable for purposes of light, has been too exclusively 
used in that department, and now demands admission into 
the larger field of heating for which it has an even higher 
qualification, and for which it is perfectly adapted by the 
new system of conversion. 

The well-owners need not be dismayed at the present 
over production. Itisa nee si incident, and if they 
will intelligently help forward the predicted change in fuel 
method, they will find the ample markets they now lack. 

In view of the possibilities for an increasing business 
thus opening before the gas companies, it is somewhat 
amusing to hear them complaining about the danger to 
which the progressing experiments in electricity expose 
their vast property, the English interest in which has 
recently been estimated at five hundred millions. Let 
them take heart also, and by a prompt co-operation with 
the new fuel principle, which is bound to triumph, secure 
thereby a profitahle ally. 


Stockholm, Sweden. 


Gero. 8, Dwieurt. 








THE INSTITUTION OF CIVIL ENGINEERS. 
To THE EDITOR oF ENGINEERING. 

paps of the new Bye-Laws, dated December 2, 
1878, and a list of members, dated January 2, 1879, have just 
been issued to the members of the Institution. In the 
latter the whole of the Associates have been grouped 
together under one class, viz., Assoc. Inst. C.E., no dis- 
tinction whatever being made between professional and 
non-professional, corporate and non-corporate members. 

From this and Clause 9, Section II., of the Bye-Laws 
(quoted below) I am led to infer that it is left entirely at 
the discretion of the Associates, whether they sign them 
selves Assoc. M. Inst. C.E., or Assoc. Inst. C.H. 

Instead of the executive quietly ignoring this new class 
of Associate Members, would it not be fairer and give more 
general satisfaction to those eligible for this new class if 
they each received individually an official notification that 
they would henceforward belong to that class ? 

A list of the members is only published every two or 
three years. 


February 10, 1879. 

Extract from Bye-Laws, No. 9, Section II.—Any 
Member, Associate being a Corporate Member, Associate, 
Honorary Member, or Student, having occasion to desig- 
nate himself as belonging to the Institution, shall state the 
class to which he belongs, according to the following abbre- 
viated forms, viz., M. Inst. C.E., Assoc. M. Inst. C.E., 
Assoc. Inst. C.E., Hon. M. Inst. C.E., Stud. Inst. C.E. ; 
it being understood that those Associates on the Register 
at the date of the passing of these Bye-Laws who are Civil 
Engineers by profession, and those Associates hereafter 
elected to the privileges of Corporate Membership shall 
alone be entitled to use the abbreviated form Assoc. M. 


A PROFESSIONAL ASSOCIATE. 





Inst. C.E.” 
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ELECTRIC VOTE RECORDERS. 
To THE EDITOR OF ENGINEERING. 
S1r,—It was with considerable interest that I perused 
your article on electric voting in your previous issue. The 
subject of mechanical voting occupied a considerable share 


of my attention about three years , and resulted in the 
gees of a ballot voting machine in October, 1876. 

his machine is suitable for any number of candidates, 
and is designed to meet the requirements of parliamentary, 
municipal, and school board elections. 

A small working machine representing voting ina three- 
cornered constituency, formed one of the British Associa- 
tion exhibits in 1876. The machine was subsequently 
brought before the Philosophical Society of Glasgow in 
1877, and as the subject of electro-mechanical voting is at 
present before your readers, a short description of the 
model machine may not be out of place. 

Theexternal and working parts of the machine consist 
essentially of voting handles, mechanical counters, and con- 
tinuous register. At one side of the machine are four 
handles or bell-pulls. Over each of these handles is a 
candidate’s name. At the opposite side of the machine are 
mechanical counters to indicate the number of votes which 
each candidate receives, also a counter to indicate the total 
number of votes given. Through the glass panel can be 
seen two rollers, upon one of which is placed a strip of paper 
sufficiently long to register all the votes that are intended 
to be given in that booth in which the machine is placed. 
The other roller receives the pa after it is printed 


and punched. On the end of the machine’ is a crank- 
handle, also a counter to indicate the number of voters. 
The machine is placed in a private apartment of the 
booth, with a crank-handle passing through the par- 











| 
tition. Before neling begins it is the duty of those 


persons who are in charge of the booth to see that all 
the counters indicate or “are at’ zero, after which the 
dials of the candidates’ counters should be covered and 
locked. The modus operandi in voting is as follows: The 
first voter enters the h and receives a ticket numbered 
1, and which number should be placed opposite his name 
in the voter’s roll. The voter then gives his ticket to the 
person in charge of the voting machine, who immediately 
turns the pore chek one revolution, which will cause 
the counter on the end of the machine to indicate 1. The 
voter then enters the apartment and pulls out either of 
the candidates’ handles until a bell rings, and allows it to 
go back to its former position. When the bell rings a vote 
is recorded on the candidate’s counter who received the 
vote, also a hole is punched in the strip of paper in one of 
the squares opposite the voter’s number and in line with 
the candidate’s name. ‘The voter can give two votes, not 
more, although he should pull the handle more than twice. 
The person = turns the crank-handle cannot turn it more 
than one revolution at a time, neither can he turn it 
back. By unlocking the cover of the candidates’ dials, 
the state of the poll can be seen and made known in a few 
seconds. Should a scrutiny of the voting be required, the 
machine-made —, together with the voters’, roll, will 
show how every elector voted. 

The machine can be made to suit any election, but is 
specially adapted for three-cornered constituencies, as b 
its use three members could be returned to Parliament wit 
the minimum number of votes, as well as under the open 
system of voting. 

I am, Sir, yours ully, 

Glasgow. ALEX. TURNBULL. 














AMALGAMATION OF SILVER ORES AT THE CONSOLIDATED VIRGINIA MINES. 
(For Description, see Page 127.) 


EE soi ieithih coscnstnsonnnsaikécccimsgal bald ier aaa 


DUPLEX GAUGES, 
To THE Eprror oF ENGINEERING. 

S1r,—In your paper of the 10th of January, I read the 
description of Mr. Stewart’s (of Glasgow) so-called ‘‘ new 
gauge,” and in your number of the 31st of January, I read 
a letter from Mr. Dewrance relating to the same gauge. 

I beg of you to allow me in turn to say that for many 
years I have made several patterns of duplex gauges ; other 
gate makers could say the same thing. The important 
points which I wish to call your attention to are : 

1. That Mr. Stewart’s gauge does not present any new 
feature. 

2. That all duplex gauges, whether made by Mr. Stewart, 

r- Dewrance, or by any other maker, must be made on 
my principle, that is with the ‘‘ Bourdon tube’’ (my in- 
vention). 

I thank you in advance for your kindness in inserting 
this letter in one of your early numbers, an 

Remain, Sir, yours obediently, 


Epovarp Bourpon. 
Paris, February 4, 1879. 





A DURABLE SPUR WHEEL. 
To THE EpiTor o¥ ENGINEERING. 

S1r,—The cog of which you gave a fac-simile, and some 
useful data in your issue of last week, shows how hand- 
some an amount of power may safely be transmitted by 
means of wooden cogs of superior quality, provided the 
working conditions are favourable. 

The distinctly epicycloidal character of the curvature of 
the wearing flank and face on the cog is very striking, and 
affords a most beautiful instance of how simply the laws 
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of nature assert themselves wherever they have an oppor- 


tunity of doing so. : . 

I sup the cogs—when first 7s in the wheel in 1851— 
were of symmetr ical shape, -_ believe that, but for the 
ver attention by way greasing, some severe 
ps A must have taken place before nature could have 
corrected the millwright’s mistake of employing involute 
or similarly curved, instead of epicycloidal teeth. 

However, we see that if material is used, if the 
teeth are kept fairly lubricated, and if the design is sound 
(151 Ib.* pressure per inch width on a cog of 3 in. pitch, i.e., 
504 ib. per square inch of ‘“‘ pitch by width’’ must be con- 
sidered moderate), nature will always be a very trustworthy 
executor of the designer’s wishes, also in those many cases 
in which the latter is unable to enforce his views in the 
shops or against some unpractical theorist. 

Yours faithfully, 
MILLWRIGHT. 
37, Farringdon-street, London, February 11, 1879. 





To THe EpriTor oF ENGINEERING. 

Srr,—In your issue of the 7th inst., I see attention 
drawn to the life of a spur mortice wheel. At first sight 
the case seems remarkable, but on closer inspection I do 
not think it retains this characteristic. 

There is an obvious error in the speed given, viz., 
5886 ft. per minute, while the speed at pitch line is only 
1980 ft. per minute.¢ At this latter velocity we have the 


pressure on each tooth= "5:90 * St—1400 Ib., and taking 


the bearing surface of each tooth as half the pitch into 
the breadth, we have 2 «B= x 10=15 square inches, 


and 10? 93.3 lb., which is the pressure per square inch 
vw 


of cog. 

Thus we find the pressure to be only about one-half of 
maximum working pressure allowed for modern cog gear- 
ing; a fact which doubtless had a considerable influence 
on the longevity of the wheel. 

The calculation as to the total distance travelled by the 
pitch line is much more a popular than a eee a fact. 


Dundee, February 12, 1879. . 


THE CIRCUMFERENCE OF THE CIRCLE. 
To THE EDITOR OF ENGINEERING. 

Srr,—I wish to call attention to a simple method of 
approximately rectifying the circle which is given by the 
regular inscribed pentagon. The sum of the five sides 
and one half the apothem equals the circumference within 
00046. 





Let the diameter be unity. 


Length of one side ... ose .587785 
os five sides... 2.938925 
Half apothem 202211 
Sum ... oon pine eee .. 9.141136 
a mn ae os .. 9.141592 
Difference ... ai in sd .000456 

I have taken the figures from Loomis’ Logarithms. 


Respectfully, 
Samvurt H. WHEELER. 
San Francisco, January 12, 1879. 





MINE VENTILATORS. 
To THe Eprror oF ENGINEERING. 

Srr,—If you think that the insertion of these few lines 
is likely to raise a discussion, or lead to the publication of 
something really useful about ventilating fans, I hope you 
will find a corner for them in the next number of your 
valuable journal. 

Speaking candidly, my motives are thoroughly selfish. I 
want a ventilator for one of our coal pits, and, naturally, 
I wish to get hold of the best. Eight have been strongly 
recommended to us, namely, the Cook, Guibal, Leeds, 
Rammell, Root, Schiele, Struve, and Waddle, and, accord- 
ing to the respective makers of them, each is the very thing 
for us. If they are all equally good, we shall be guided by 
price; but if any one of them is better than the rest, we 
should like to have it. 

I have had good opportunities of seeing many of the 
above ventilators at work, but never under exactly the 
same conditions ; and I am, therefore, unable to compare 
them fairly. 

Some members of the North of England — Institute 
are carrying out a series of experiments, but I fear that 
very little good will result from them. We may get 
reliable information of the actual performance of certain 
fans in certain circumstances ; but we shall be left exactly 
where we are with regard to a standard of real comparison. 
oD impeauiile to try them under precisely similar con- 

itions 

Perhaps some of your readers can throw a light on this 


* You will find that taking the speed of the pitch 
line as 5886 ft. was a mixtake . ¥ 7 


See paragraph on page 147 of the present issue. 











subject, and thereby earn the thanks of many colliery | 
owners besides ourselves. c 
Yours obediently, 


ONE OF THREE. 
London, February 4, 1879. 








THE TOULON GRAVING DOCKS. 

We publish this week a two-page engraving showing a 
part of the dredging plant employed by MM. Hersent and 
Langlois in the construction of the Graving Docks at 
Toulon. We have already illustrated and partly described 
this work, and shall defer the notice of these dredges 
until a future occasion. 


NOTES FROM THE NORTH. 
GuLaseow, Wednesday. 

Glasgow Pig-Iron Market.—There was much dulness 
in the warrant market last Thursday, and prices were un- 
altered from the eding day, business being done at 
42s. 6d. cash and Bs. 74d. one month, the market closing 
with sellers at those prices, and buyers near. The dulness 
continued on Friday, and prices closed 1d. per ton down 
from those of the previous day. Business was done during 
the forenoon at 42s. 5d. cash and at 42s. 6d. one month, 
the market closing with sellers at those prices and buyers 
near. Holders accepted 42s. 5d. cash in the afternoon, and 
at the close there were buyers ae 42s. 44d. cash and 
42s. 6d. one month, and sellers asking 1d. per ton more. Not 
only was the warrant market dull on Monday morning, but 
reports came early to hand from the North of England 
announcing a pressure of sales of pig iron there, the result 
of which was that a considerable amount of depression set 
in. Iron changed hands during the forenoon at 42s. 4}d. 
eash—}d. down, and in the forenoon at 42s. 64d. one month 
—ld. per ton down. At the close there were sellers asking 
42s. 5d. cash and 42s. 7d. one month, with buyers offering 
ld. less per ton. Yesterday’s market opened stronger. and 
prices improved 14d. over those of the previous day. There 
were transactions during the forenoon at 42s. 5d. cash and 
42s. 6d. one month, and at the close there were buyers at 
those prices, and sellers asking 1d. ton higher. The 
quotations in the afternoon were 42s. 6d. cash and 42s. 8d. 
one month, buyers at the close offering those prices, and 
sellers asking a penny more. This morning’s market was 
very firm, and business was done at from 42s. 7d. to 42s. 9d. 
hens also at 42d. 9d. and 42s. 10d. one month, sellers at the 
close asking 42s. 8}d. cash and 42s. 10d. one month, and 
buyers offering $d. per ton less. In the afternoon the 
market was again firm at the forenoon prices. The con- 
tinuous flow of buying forinvestment is still maintained, 
and is sufficient to sustain the market; when it is with- 
drawn, however, the price gradually becomes easier. The 
bond fide demand continues to be on the most'limited scale, 
and the prices of most brands in second hands have again 
been reduced. Shipping iron is exceedingly dull, and the 
former trade is almost nil, there being as yet almost no 
inquiry for spring shipment. Another blast furnace has 
been damped out at Coltness Iron Works during the past 
week, and one has been blown in at Carnbroe Iron Works, 
thus leaving the total number in actual operation at 
87, as against 88 at the corresponding date of last year. A 
large quantity of pig iron was in sent into the 
public warrant stores last week, the total stock with 
Messrs. Connal and Co. up till Friday evening being 
208,266 tons, and the increase for the week being 1450 tons. 
Last week’s shipments of pig iron from all Scotch ports 
amounted to 6139 tons as compared with 5637 tons in the 
corresponding week of last year. 


Trade Unionism in a Coatbridge Iron Works.—A few 
weeks ago it came to the knowledge of Mr. Ellis, the pro- 
prietor of the North British Iron Works, Coatbridge, that 
a number of the men employed therein were trades’ 
unionists. Ata meeting of the workers Mr. Ellis advised 
the men to sever their connexion with the union. This 
the men refused to do, and called a meeting of the men 
engaged in the other works. On the following day a 
“round robin’? was sent to Mr. Ellis, stating that the 
men would rather leave his employment than the union. 
Mr. Ellis at once got a sheriff-officer to warn men whose 
names appe on the ‘“‘round robin’’ to leave their 
houses, and he also posted up the following notice: 
** Notice is hereby given that fourteen days after date the 
services of all puddlers and ball furnacemen who are con- 
nected with the trades‘ union will not be required, in order 
to give place to more sensible men. And be it known once 
for all that as I have no connexion myself with any 
masters’ union, I will not, upon any consideration what- 
ever, employ any men connected with the trades’ union.— 
(Signed) Thos. lis.” On Saturday night the men who 
were warned to quit their houses did so. The North British 
Works have been going full time for many years back ; and 
at the last strike of the iron-workers in Coatbridge, Mr. 
Ellis kept his works going, and, it is said, paid the men 
6d. per shift extra. en Mr. Ellis began business as an 
iron manufacturer in Coatbridge 21 years ago, he engaged 
all his men on the understanding that they were non- 
unionists, or, if members of the union, they were required 
to send in their resignation. He makes no secret, but 
rather boasts of the fact, that he has risen to his present 
enviable position by working his way upwards throngh 
all the grades from the puddling furnace. To have done 
so would almost justify one in expecting that he ought to 
be able to give most valuable practical advice to his work- 
men. 


Fraserburgh Harbour Works.—The resident engineer 
has reported to the Fraserburgh Harbour Board that the 
Harbour Extension Works, now far on towards comple- 
tion, are in a fair way to be finished at a cost of 60,0001. 
which is within the estimate. The board have resolved 
to apply for a further loan of 100,000/., for the purpose Of 











building the south breakwater and for harbour extension ; 
and they have resolved to memorialise the Government in 
favour of the claims of Fraserburgh to have a harbour of 
refuge provided. 


Regulation of Public Clocks in Glasgow. — About 
20 miles of wire are now in use in this city for the purpose 
of synchronising clocks, of wkich about 100 are under 
correction every hour. Many of them have been put up at 
street corners in very conspicuous positions at the expense 
of the Corporation, besides which there are the clocks at the 
railway stations and others. Messrs. Edward and Sons, 
Buchanan-street, by whom the synchronisers have been 
furnished, are at 10 o’clock every morning supplied with 
the correct time from Greenwich Observatory. Simul- 
taneously with the striking of the hour on the clock at 
Greenwich, a bell is rung by the electric current close to 
Messrs. Edward’s regulator, which is thus checked. In 
order to insure absolute accuracy, a second current is 
obtained from a wire connected with Glasgow Observatory. 
The electricity is obtained from about 300 Leclanche cells, 
arranged in batteries of sufficient strength to work the 
synchronisers on the twelve different lines of wire ; and, 
by means of a distributor, wrought hourly by the sageetes, 
a current of electricity is transmitted to each clock under 
control. The synchroniser itself is of simple construction, 
and is applicable to all kinds of clocks. -It is fitted behind 
the dial, and by means of an S-shaped cam fixed to a rod 
brought through the dial in the centre of the number XII. 
the minute hand is set exactly to the perpendicular at every 
hour. This system of clock regulation has been in opera- 
tion since May last, and it has now been extended to most 
parts of the city. 


Royal Scottish Society of Arts.—A meeting of this Society 
was held on Monday. There was a large attendance, and 
Dr. R. M. Ferguson, president, occupied the chair. Pro- 
fessor Piazzi Smyth, an ex-president of the Society, read a 
J ed on “‘ End-on, in place of Transverse, Illumination in 

vate Spectroscopy,’’ the chief advantage claimed for 
which is that, without altering the temperature, greatly 
increased luminosity is obtained. Professor Smyth also 
exhibited and described the ‘‘ end-on’’ vacuum tubes which 
he had specially had made in Paris for the illustration of his 
new system of illumination in spectroscopy. At the close 
of the paper, the chairman, Dr. Stevenson Macadam, and 
others, referred to the great value of the invention—Dr. 
Macadam remarking that it increased more than a hundred- 
fold the power which we had of dealing with the spectra 
of various substances, while at the same time the whole 
arrangement of it was both simple and wonderful. The 
aper and invention were remitted to Professor Fleeming 
Jenkin, Dr. Macadam, and Professor Swan for a report. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday on ’Change at 
Middlesbrough the attendance was quite equal to ordinary 
market days. The feeling of depression is stronger and 
more general, and business is exceedingly flat. Prices are 
nominally based on No. 3 Cleveland pig selling at 33s. per 
ton less one percent. Messrs. Connal and Co., the warrant 
storekeepers of Middlesbrough and Glasgow report as 
follows : ‘‘ Our stock of Cleveland pig iron now stands at 
76,100 tons. We are receiving about 400 and 500 tons 
daily. ree 5 ag Middlesbrough warrants are quoted 
34s. 3d. net cash No. 3, and our Glasgow stock stands at 
208,868 tons.”” The returns of the Cleveland ironmasters, 
which we alluded to last week, have since then been pub- 
lished, and the effect of the large increase in stocks which 
we mentioned has been depressing. Never since the estab- 
lishment of the Cleveland district as a great iron-making 

lace, has there been such a critical time as the present 
or blast furnace owners and iron manufacturers. An in- 
crease of over32,000 tons in makers’ stocks in one month is 
a serious matter. Everybody connected with the trade is 
in an unsettled condition, and many people are ceasing to 
have any hope for better times. It is surprising how the 
district has struggled against adversity so long. 


The Finished Iron Trade.—There is very little doing in 
this branch of industry. Many of the works remain closed, 
and have no immediate prospect of being re-opened. 

Engineering and Shipbuilding.—Engineers are not so 
busy as could be wished, although there is a fair amount of 
work on hand in the distriet. Bridge builders and marine 
engine builders get the bulk of the work. At Stockton 
two fine steamers have just been launched, and there are 
several other vessels on the stocks. On the Wear and the 
Tyne, the wages question is disturbing the shipbuilders and 
many men are out of work. 


The Nine Hours’ Question.—The adjourned special meet- 
ing of the Cleveland Institution of Engineers was held at 
Middlesbrough on Monday, and the causes of the depression 
in trade were again discussed. Several gentlemen took 
part in the debate, and although the subject was dropped 
without any resolution being adopted, some very excellent 
suggestions were made by several of the speakers, and the 
debate will certainly be of some service. One speaker parti- 
cularly commented upon the bankruptcy laws, and urged the 
necessity in justice to honest traders to make ‘‘ whitewash- 
ing’ more difficult. Under the present state of things dis- 
honest people trading with money which did not besas to 
them, competed with honest firms who paid for their 
materials, and the firms who never intended to pay more 
thana shilling in the pound, obtained work which the honest 
trader should have. Such a state of things was a disgrace 
to our country. Other speakers pointed out advantages 
which would accrue from the Government paying more 
attention to commercial matters. Altogether the debate 
was instructive and interesting. 
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NOTICES OF MEETINGS. 

INSTITUTION OF C1vIL ENGINEERS,—Tuesday, February 18th, at 
8 p.m. “Construction of Heavy Ordnance,” by James A. Long- 
ridge, M. Inst. C.E. 

THE METEOROLOGICAL SOCIETY.—Wednesday, the 19th instant, 
at 7 p.m., at the Institution of Civil Engineers, the following papers 
will be read: ‘ Diurnal Variations of the Barometric Pressure in 
the British Isles,” by Frederick Chambers. “On a Standard 
Cistern Siphon Barometer,” by Frederick Bogen, “On the Relation 
existing between the Duration of Sunshine, the Amount of Solar 
Radiation, and the Temperature indicated by the Black Bulb Ther- 
mometer in vacuo,” by G. M. Whipple, B. Sc., F.B.A.S, “ Results 
of Meteorological Observations made at Buenos Ayres,” by William 
B, Tripp, Assoc. Inst. C.E. 

PHYSICAL SocigTy.—Saturday, February 22nd, at 3 p.m. “Ona 
Current Regulator,” by Dr. C. D. Siemens, F.R.S. “On a New 
Theory of Terrestrial Magnetism,” by Professors Ayrton and Perry. 
‘On the Spectrum of Lightning,’ by Dr. A. Schuster. 
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TWIN SCREWS. 

A BRANCH of marine propulsion that still leaves room 
for considerable jexperimental investigation is that 
which relates to the action of twin screws. Twin 
screws have often been discussed at the annual meet. 
ings of the Institution of Naval Architects and other 
places, but they have always seemed to us to be mak- 
ing heavy weather in their struggle to get recognised 
as affording efficient or at least economical means of 
propulsion. There have always been strong points 
in favour of twin screws that nobody disputed, and 
the points against them were for the most part 
either not proven, or were not regarded as insuper- 
able. The mere fact that with twin screws a vessel 
would have the means of propulsion left her if one 
of the engines were to break down, ought to have 
carried them one would think to the front years ago, 
if they could compare at all favourably with single 
screws in point of economy of propulsion. Add to 
this the power of manceuvring in small circles which 
twin screws afford, and the advantages of twin 
screws over single screws, at least for war-ships, are 
overwhelming, provided the speed is as great with 
twin as with single screws. 

Mr. J. Dudgeon used to urge these views years 





ago with much pertinacity, and as early as 1865 his 
firm gave interesting particulars of steam trials made 
with a number of twin-screw vessels built by them, 
which will be found recorded in the sixth volume 
of the Transactions of the before-mentioned Institu- 
tion. In that paper we also have recorded the con- 
viction of the Messrs, Dudgeon as the result of ex- 
tensive experience with twin screws for mercantile 
ships, chiefly blockade runners, that they were more 
efficient as propellers than single screws; They 
say, ‘ We fearlessly claim an advantage of at least 
15 per cent. over any known method of applying 
power to a steamer.” In spite of this, however, 
twin screws did not get the opportunities of dis- 
tinguishing themselves that they to all appearance 
deserved, either for war-ships or for mercantile 
purposes, 

It was not, we believe, that they were tried and 
failed so much as that faith in them did not rise to 
such a pitch as to cause them to be extensively em- 
ployed, and until this was done, so as to test their 
capabilities fully, they were bound to remain in the 
experimental stage, and in this stage they have re- 
mained up to {the present time so far as the mercan- 
tile marine is concerned. ‘They have, however, to 
all appearance, got the upper hand at last of the 
single screw in the Admiralty service for war-ships, 
and the prediction is hazarded by some that twin 
screws will continue to succeed against the single 
screw when sufficiently tested in the broader field 
represented by the mercantile marine, 

Whether this will be so or not we are not able at 
present to foresee, but the question is an exceedingly 
interesting one, and worthy of serious discussion. 
Where twin screws have been adopted in the mercan- 
tile marine they have not so far been attended with 
much success, except in light-draught vessels. This 
may have arisen, and doubtless did in some cases 
arise from the twin screws having been unsuitable ; 
but on the other hand, before accepting the Ad- 
miralty experience as conclusive for merchant ships, 
we have to inquire whether there are not essential 
differences between the royal and mercantile navies 
such as might make twin screws advisable for 
general employment in the former and unadvisable 
in the latter? Until this is done we are not justified 
in drawing the conclusion that because twin screws 
have given better results than single screws in war- 
ships they are likely to do so in merchant ships. 
This subject was discussed by Mr. W. H. White of 
the Admiraltyjin an interesting paper read by him last 

ear at the Institution of Naval Architects ‘‘ On the 

ficiency of Single and Twin Screw Propellers,” 
and we are not sure that the figures given by 
Mr. White, unless more fully discussed, might 
not raise expectations unduly favourable to the 
use of twin screws for merchant steamers. The 
author compared the performances of the single- 
screw ships Swiftsure and Triumph with the 
nearly sister but twin screw vessels Vanguard, 
Invincible, and Iron Duke, showing roughly a gain 
of about 11 per cent. in favour of the twin screws. 
The single-screw ships Bellerophon, Monarch, Her- 
cules, Sultan, and Independencia, were also compared 
with the twin-screw ships Captain, Alexandra, and 
Téméraire, showing a mean gain in favour of the twin 
screws of 18 per cent. 

These figures, it will be seen, corroborate the 
15 per cent, gain claimed for twin screws by Messrs. 
Dudgeon in 1865 from their experience with blockade 
runners, If it could be made at all clear that a 
similar gain might be counted upon in ordinary 
merchant ships, the change to twin screws would 
come, and come rapidly. 

On the other hand, Mr. White instanced the 
case of a merchant steamer where twin screws 
had failed, and he showed that the failure was 
due not so much to her being a twin-screw vessel, 
as to the screws being unsuitable to her. So 
far as this case is concerned, then, it must 
be admitted to afford no argument against twin 
screws. But how far do Mr, White’s figures go in 
support of them? Twin screws were introduced into 
the Invincible, [ron Duke, and Vanguard, because 
their draught of water had to be kept down, and 
some loss of speed was expected in consequence. 
The high speed realised by the Vanguard was a 
surprise for everybody, and it was at first attributed 
to some remarkable properties of the Mangin pro- 
es. It has since been attributed to twin screws. 

e have not seen the point raised yet whether the 
twin-screw performances were really good, or 
whether the single-screw performances on which the 
Admiralty predictions were based were indifferent. 
If the single-screw ironclads have not had draught 





of water enough to render a single screw efficient, 
screws twin wi mae disc areas might easily beat 
the single screw, and yet be indifferent car Sin 

Let us examine the matter a little closer. 
Take, for instance, our swift Atlantic liners, and 
compare, say, the White Star steamer Britannic 
with the ironclad Monarch. They have nearly the 
same load displacement, the Britannic being the 
heavier, having 8500 tons against the Monarch’s 
8070 tons. The Monarch’s measured mile trial gave 
a mean speed of 14.9 knots, with an indicated horse 
power of 7842, while the Britannic can maintain a 
speed of 15 knots across the Atlantic with 4900 
horse power, or nearly 40 per cent, less power. 
The draught of water of the two vessels is about 
the same, and they have both single screws of about 
the same diameter, viz., 234 ft. Wedo not make 
this comparison to disparage the Monarch, for we 
know she is necessarily shorter and fuller than the 
Britannic, and must take a great deal more power 
to drive her the same speed ; but there is this point 
about the comparison that vitally affects the ques- 
tion of twin screws versus single screws, viz., that 
the Monarch has to deliver nearly twice the horse 
i of the Britannic through a screw of the same 

iameter and disc area. It obviously follows, there- 
fore, that the Britannic’s screw might be admirably 
suited for her horse power and speed, and the vessel 
might possibly lose considerably in speed by ex- 
changing it for twin screws, whereas the Monarch 
on the same draught of water with her enormous 
power and same diameter of screw might be pinched 
up for screw area, and find an immediate gain from 
twin screws through the mere fact of getting a 
larger disc area. We doubt if Mr. White has given 
to this point the prominence it deserves, for it may 
make all the difference in the world between 
the prospects of twin screws in the mercantile 
marine, 

Speaking generally, we may say of all the modern 
ocean-going ironclads that aim at 13 or 14 knots 
speed, that owing to their being comparatively short, 
broad, and full, compared with merchant ships in- 
tended for such speeds, they have to carry nearly twice 
the engine power per ton of displacement, and being 
limited to about the same size single screws, they, 
to all appearance, cannot obtain sufficient disc area 
of propeller to give equally good results. Mr, White 
says: ‘The Bellerophon gains relatively to the 
Hercules and Sultan, not merely because she is 
rather more finely formed, but because she has a 
screw of equal diameter, although her engines 
develop about 25 per cent. less power. This fact 
suggests the further consideration that since the 
extreme draught of war-ships does not exceed 27 ft. 
or 27} ft., there must be considerable difficulties in 
the way of securing economical performances with 
single screws in cases where the indicated horse 
power has to reach 8000 horse power or upwards, 
unless the general practice in proportioning the dia- 
meters of screws to the indicated horse power is 
entirely de d from.” The argument might be 
pushe much further, and it may be asked whether 
in the large ironclads for which speed results are 
given, single screws have ever had a fair chance 
at all of giving high results. If we compare the 
twin-screw ships with the single screws in Mr, 
White’s Tables, it will be seen that the former have 
in all cases more disc area per indicated horse power 
than the latter. If this is a chief cause of the 
superiority of the twin-screw ironclads, and there is 
nothing in the paper in question to show that it is 
not, it destroys in a measure the analogy between 
them and merchant ships, except where the latter 
are of unusual type and of shallow draught. But 
when narrowed down to this we leave the bulk of 
the mercantile marine, and come to special types 
like Mr. Dudgeon’s blockade runners and others for 
which twin screws have already been recognised as 
the most suitable means of propulsion, 

Mr, White in his paper cites the case of 
the Iris, and anticipates that “‘at no very distant 
date the designs of swift mail steamers will be sub- 
ject to conditions resembling those sketched above 
for the Iris,” We believe the time is very distant 
indeed when mail steamers will be subject to con- 
ditions resembling those of the Iris, 

The Iris is very little more than a light hull 
filled up with engines and boilers. Let us compare 
her with the most recent development of the mail 
steamer. And for this purpose we may again take 
the Britannic, It is sufficient to say that the Iris is 
only half the size and carries twice the engine 
power of the Britannic, and carries little else to show 
the gulf there is between the two. And the Britannic 
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being one of the very finest, swiftest, and most 
modern of our ocean mail steamers, is presumably the 
nearest to the Iris, so that we may look long for the 
time when shipowners generally will be compelled 
to resort to twin screws for the reason that pre- 
vailed in the case of the Iris. 

If we go from the fast Atlantic liners like the 
Britannic, Germanic, City of Berlin, and others, to 
the heavy deadweight carrying steamers, the argu- 
ment deduced from the performances of the Govern- 
ment ironclads becomes still further weakened, for 
considering the small amount of power put into 
these cargo steamers they have a still greater 
abundance of room for sufficient disc area with a 
single screw. ‘These steamers now form the bulk of 
the mercantile marine, and they would value but 
little the extra mancuvring power obtained from 
twin screws, if these latter added to the cost of 
propulsion. Moreover, in the case of these vessels 
the strongest point in favour of twin screws loses 
much of its value. We refer to the vessel being 
capable of being driven by one set of engines and 
propeller if the other were to break down. It is 
unfortunately but too true that in heavy weather, 
especially in the Atlantic, these steamers can barely 
hold their own with full power, and they would 
certainly be nearly as helpless with half power in 
a mid-Atlantic-storm, and nearly as unmanageable 
as if there were a total breakdown. Moreover, the 
feeling of having two sets of engines in case of a 
breakdown, would tend to give, we believe, a 
false security to the engineers and all on board, and 
would probably diminish the precautions taken in 
overhauling the engines and boilers every voyage to 
prevent a breakdown—hence from the point of view 
of safety alone the remedy might be worse than the 
disease. 

In the foregoing remarks we have said little or 
nothing about the practical advantages or disad- 
vantages of twin screws, as they are for the most 
part well enough understood. Neither have we 
attempted to show that twin screws must prove less 
economical as propellers for the mercantile marine 
than single screws. We are by no means certain 
on the point. We simply go so far as to say 
that the experience gained with our ironclad war- 
ships does not settle the matter one way or the 
other, and might, unless carefully weighed, prove 
rather misleading than otherwise. Equally mis- 
leading would be some of the results we have seen 
given for twin-screw merchant ships until they have 
been satisfactorily confirmed and the same or 
similar vessels tried with differently proportioned 
screws. The Irisstarting with a screw of 18 ft. 6 in. 
in diameter, and about an equal pitch, gave very 
bad results, as we have seen. When the diameter 
was reduced 2ft. and the pitch increased 2 ft.a 
marvellous change for the better occurred. The 
Washington with 15 ft. diameter and 20.8 ft, 
pitch gave unsatisfactory results, while in other 
vessels the screws have, say, 13 ft. diameter, and 
as much as 21ft. pitch. Here the circumstances 
are obviously very different, and there is, as we have 
said, room for much experimental investigation, The 
trials of the Iris show that it is as easy to get too 
much area of screw disc and blade area with twin 
screws, as itis to get too little with single screws, 
What is obviously most desirable is as full a supply 
of data as is possible for ships that have been 
actually fitted with twin screws in the mercantile 
marine, in order that a fuller and more satisfactory 
comparison might be made with single-screw ships 
of similar type than is at present possible from 
hitherto published records. 








THE EXPLOSION ON BOARD THE 
“ THUNDERER.” 

Tue public was startled on Monday last by an 
official communiqué from the Admiralty to the daily 
papers containing the verdict of the Court of In- 
quiry appointed to investigate into the eaues of the 
bursting of the 38-ton gun, which ran as follows : 

‘‘ The Committee are agreed as tc the cause, and 
they report ‘that the gun having missed fire with 
the battering charge, was again loaded with a full 
charge, and fired with both of the charges and the 
projectiles in the gun at the same time.’— Admiralty, 
February 9, 1879.” 

The public was startled because the finding of the 
Committee was in flagrant contradiction to Admiral 
Hornby’s report, and to the report of the Committee 
of Naval Otlicers which sat immediately after the 
accident, under the presidency of Captain Beamish, 
R.N., and also, as we shall presently endeavour to 


show, with the probabilities of the case. Admiral 
Hornby’s report was as follows: 

‘One 38-ton gun in the Thunderer burst this morn- 
ing, killing, &c. . . . Gun burst before trunnion, 
muzzle blowing overboard. ‘The gun had been fired 
with battering charge, but when it burst was loaded 
only with full charge and empty shell.” 

It will be noticed that in this report not only is 
no mention whatever made of a missfire, but it is 
also distinctly stated that the gun had first fired a 
battering charge, and was then loaded with common 
shell and ordinary charge. As far as regards the 
Naval Committee of Inquiry held under Captain 
Beamish, the Times of January 9th states as follows: 





‘‘Information has been received at the War 
Office to the effect that the naval inquiry into the 
explosion on board the Thunderer has left no doubt 
that the cause of the explosion was imperfect load- 
ing as surmised.” 

Here then is the most direct opposition be- 
tween two committees appointed for the same 
purpose. Which report are we to believe? As the 
evidence has not been published in either case, and 
as the last Committee sat with closed doors, so that 
the real truth will perhaps never be known, we are 
unfortunately forced to reason on the probabilities 
of the case, instead of on the best information that 
available. In questioning then, as we must do, the 
finding of the last Committee, we must inquire into 
the differences between what takes place when the 
charge really goes off and when it only missesfire. 

When the charge explodes a most violent report 
is felt, not only in the turret but also in every 
other part of the ship. When the charge misses 
fire, the only noise heard is the snap of an electric 
fuse which cannot possibly be mistaken for the ex- 
plosion of a battering charge of gunpowder, and it 
is simply inconceivable that all the officers and men 
in the turret could have been under a delusion on 
this point. 

In the second place, when the charge explodes 
the gun naturally recoils ; when a missfire occurs it 
has to be run in by hydraulic power, and the diffe- 
rence in time between the two operations is about in 
the ratio of 8to 1. It is, we believe, part of the 
gun drill that the lever which actuates the hydraulic 
gear used for ‘‘ running” the gun in shall be turned in 
every case, 7.c., whether the charge misses fire or not, 
but nevertheless the difference of time occupied in the 
recoil in the two cases is so great as to prevent the 
possibility of a mistake; besides, the man whose 
duty it was to work this lever having together with 
all his companions except one been blown to atoms, 
we shall never be able to know whether he did turn 
it or not, unless the solitary survivor actually saw 
him do it, and if he did, then why did not this fact 
come before the Naval Court of Inquiry. 

Thirdly, how was it possible to load the gun with 
a second charge without knowing that it did not 
gohome. Weare told that every ramrod is pro- 
vided with a tell-tale to show whether the charge 
is home or not. Are we to believe that the tell-tale 
was capable of getting out of order, or if in order 
that its indications were unnoticed. A reference 
to the section of the gun with twocharges which we 
give on the opposite page, will show at once that if 
the gun were double charged, the rammer could 
only penetrate the bore a very little more than half 
its usual course, say, some 5 ft. 6 in. instead of about 
Ll ft. 

We are asked to believe also that one of the most 
important operations connected with the firing drill, 
that of sponging, or its equivalent, was omitted. To 
accept the finding of the Committee, the existence of 
incredible negligence on board our ships must also be 
accepted. The conclusion arrived at indeed simply 
amounts to this, that every officer and man who 
had to do with the loading of the gun grossly neg- 
lected his duty, for otherwise it would have been 
impossible that the explosion could have happened. 
It is easy to bring charges against the dead 
pee’ when committees sit with shut doors), 

or they are not present to defend themselves, and 

far more convenient apparently to throw disgrace 
on the names of the victims to a bad system, than 
to admit 3 — to the discredit of that system. 

The verdict, such as it is, looks too much as 
though it were framed to shield the susceptibilities 
of those who are responsible for the Woolwich 
system of constructing heavy ordnance, and we can 
well understand that certain officials would prefer 
to shield the living than tospare the dead, But itis 
obvious that not even this object has been accom- 
plished, for one of the main features of the system is 








the muzzle-loading, and had the gun been a breech- 





loader the disaster (assuming for a moment the 
verdict to be true), would have been impossible, 
for on opening the breech the original charge would 
not only have been visible, but its presence in the 
chamber would have prevented the introduction of 
a second one. It would surely be better to con- 
fess to failure at once, and try to remedy it, than to 
seek to palliate it by lame excuses and a verdict, 
which if it be accepted, throws a slur and a dis- 
grace upon our Navy. 

In conclusion, we can only repeat our surprise 
and regret that the Committee of Inquiry should 
have conducted their investigations with closed 
doors. What useful purpose could be served by 
such a proceeding it is difficult to imagine. Pro- 
bably there was only one object in view, viz., to let 
the Woolwich authorities down easily; but such a 
course of action has naturally excited the gravest 
suspicion on the part of the public, who, as owner of 
the gun has a right to know everything. No sub- 
sequent publication of the evidence can have the 
same effect that an openly conducted inquiry would 
have had, for we have no guarantee whatever that 
the report will not be edited in the same manner as 
other State papers of importance have been. We hope 
that the subject will not be allowed to drop here, 
but that the Press and Parliament will insist upon 
the fullest light being thrown on the subject, and if 
the ee on the evidence collected by the Committee 
should turn out to be unsatisfactory, we trust that 
the appointment of a new court of inquiry will be 
insisted upon, whose duty it shall be to go into the 
facts of the case openly, and without regard for 
anybody’s susceptibilities or interests except those of 
their employer, the British nation, whose pocket 
has been heavily taxed for an article of very doubt- 
ful value. 








POLLUTION OF RIVERS IN ENGLAND 
AND SCOTLAND. 


For some time past, the Thames Conservancy 
and the Metropolitan Board have been at variance 
as to the cause of the pollution of the Thames. In 
our two last volumes we have frequently taken up 
the question, and in December last we criticised the 
results of two trips down the river, undertaken at 
the instance of the Metropolitan Board, to prove 
that they were not responsible for the production 
of shoals. ‘Two occurrences at the end of last 
month throw some light on the subject, and place 
both Boards in somewhat of a dilemma. Of course 
the entire controversy between these authorities 
turns chiefly on determining what is the origin of 
the mud. ‘The Thames Conservancy insists that its 
deposit is due to the outfall of sewage at Crossness 
and Barking. To this Sir J. W. Bazalgette replies 
that the solids of sewage have little tendency to 
deposit, and he throws the entire blame on the 
Thames Conservancy for not preventing the wash- 
ing away of the ‘‘saltings” (shore detritus). 

But at a recent meeting of the Board of Works 
it is stated that Sir J. W. Bazalgette, according to in- 
structions, reported on the conditions under which 
the sewage from North Woolwich is discharged into 
the Thames by the temporary outlets of the district 
board. He found that the outlet in question 
received the drainage from about 200 houses in 
North Woolwich, and from 200 to 300 houses in 
East Ham, which is beyond the metropolitan 
boundary. The sewage accumulated at the mouth 
of the outlet to the extent of 4 ft. deep in dry 
weather. It began to discharge sewage two hours 
before low water, and emptied its contents in about 
half an hour. The quantity was about 70,000 
gallons. Sir J. W. Bazalgette recommended that the 
Woolwich Local Board should be informed that 
the admission of the sewage of East Ham into the 
Thames by their outlet was illegal, and must forth- 
with be discontinued, and also that one or other 
of the best known modes of precipitation or purifi- 
cation should be established at the outlet. But the 
Works’ Committee very wisely determined that, for 
the present, no action should be taken in the 
matter. 

The Board acted cautiously. It does not require 
a very profound knowledge of arithmetic to solve 
this very interesting question. Ifthe sewage of, say, 
500 houses at North Woolwich is capable of forming 
a deposit 4 ft. deep in the Thames at the mouth of 
its outlet, what would be the deposits at Barking 
and Crossness, under the care of the Metropolitan 
Board, where the refuse of, say, 500,000 houses 
s cast into the river. Another sample of rule-of- 
three is suggested by the quantity, ic, 70,000 
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gallons to 200,000,000 respectively. Does not this 
afford a complete proof that the metropolitan sewage 
must?cause enormous deposits if the little flow of 
East Ham produces 4 ft.? We leave our readers 
to form their own conclusions. 

The Thames Conservancy took action lately 
against the owners of two barges at Chelsea for 
polluting the river by casting some 10 tons of the 

refuse of the roads into the stream. Of course the 

defence was ingenious, and no one was to blame. 
The real excuse was that the barges had been over- 
loaded and required lightening. It appears that the 
road in the parish had been ‘‘ bagged” with coarse 
sand, and consequently the road-sweepings were 
heavier than usual; the barge was then overflowed 
by the rising tide. ” A nominal penalty was inflicted. 
Now, the Metropolitan Board charge the ‘Thames 
Conservancy with doing habitually the same thing 
—that is casting their dredgings into the lower 
Thames, and thus causing shoals. During the trip 
down the river in November this was a subject of 
discussion, and the Conservancy barges occupied in 
the duty were pointed out. It seems to us that each 
Board had better attend to the details of their 
own /dches than engage in mutual strife. The two 
incidents just related, certainly show that each 
authority was to blame, and, as we have already 
urged, it would be more becoming to the cha- 
racter of each to unite in removing the mud they 
occasion, than of mutually throwing illogical mud 
at each other's faces. 

With that usual practical common sense by which 
business transactions, as a rule, are carried on north 
of the Tweed, an Association for Preserving the 
Rivers and Lochs of Scotland from Pollution was 
established some time ago. The annual meeting 
was held last week at Edinburgh, the Marquis of 
Lothian presiding. It was attended by some of the 
leading riparian owners and others interested in the 
fisheries of Scotland. It may be remarked that 
rivers in England and those of Scotland differ 
greatly in regard to their value. ‘The salmon 
fishery in Scotland is the source of great revenue, 
while in England, perhaps, with the exception of 
the Severn, the salmon interest is of comparatively 
little value, Yet in regard to the Thames, it was 
shown in 1878, by evidence before Mr. Buckland, 
that the ordinary supply of fish from whitebait to 
plaice and turbot, is gradually decreasing annually 
owing to the pollution of that river by sewage. 

At the recent meeting of the Scottish Association 
just referred to, the chairman in moving the adop- 
tion of the report, remarked ‘‘ That the Association 
were to be congratulated upon the progress which 
had been made, and the usefulness of their work 
during 1878. He did not think the Association had 
ever taken upon itself to initiate any proceedings 
in cases of pollution, nor to give any assistance 
where proceedings had been initiated by others, 
Their function had been generally more to keep up 
public feeling that pollution of rivers and lochs 
ought to be done away with. At one time it was 
thought that those who took part in stopping pollu- 
tion were selfishly interfering with the legitimate 
trade of the country, but they heard no more of the 
cry of sport versus trade. The feeling now was that 
those were acting selfishly who, by their manu- 
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factures, polluted the rivers, and thereby took awa: 
that which all hada right to, viz., pure water, as well 
as pure air and purefood. Having condemned the Bill 
of 1876, his lordship went on to state that it was not to 
be wondered at that it was an unsatisfactory measure, 
for it had been passed without adequate discussion by 
the House of Lords. The time had now arrived 
when action might be taken by the Council in 
urging further legislation which would be efficient ; 
at any rate it would do no harm, and might do a 
great deal of good. As a member of the Duke of 
Richmond’s Select Committee of the House of Lords 
on Rivers, he had frequently called attention to the 
pollution of rivers, which the Committee had power 
to consider. It was in consequence of this that the 
Committee gave in an interim report recommending 
the appointment of a Conservancy Board for each 

watershed area. He would not say that in Scotland 
every watershed should have a Conservancy Board, 
for some of them were very small; but every 
district should have a board and an inspector, who 
should see that the powers of the Act were carried 
into execution. At present what made the Act so 
difficult to work was that action was taken by re- 
ferring the matter back to the very parties who 
were mainly the cause of the pollution. It was also 
a misfortune when action was taken by private indi- 
viduals, for it put them to great expense, and into 
the false position of seeming personally opposed to 
the interests of the trading community. The initia- 
tory proceedings should, therefore, be taken by in- 
spectors who would be responsible to Government 
authority. One mistake of the present law was to 
put too much together—pollution by manufacturers 
and pollution by sewage. It would be wrong to 
stop sewage pollution in the pees way as manufac- 
turers’ pollution, for they could only hope to do away 
with the former by the gradual Lobe of the im- 
proved sanitary appliances of every-day life. On 
the other hand there was great difficulty in dealing 
with pollution from mines which could not be shut 
up. In conclusion his lordship referred to the 
works at Hawick for the purification of the 
Teviot, of which he ccuibnil himself the author, 
and expressed the hope that they would be suc- 
cessful. 

In the subsequent discussion an opinion was ex- 
pressed that manufacturers were now more inclined 
to prevent the pollution of rivers than formerly. At 
the same time it was evident that the appointment 
of public inspectors was necessary, because manu- 
facturers often allowed the settlings of their works 
to silt up, and when a flood came the whole of this 
retained solid pollution was suddenly seut into the 
river. 

At the suggestion of Mr. D. Milne Home the 
following resolution was passed unanimously : ‘‘ This 
meeting is of opinion that there ought to be in this 
country, as there is in most other countries, a depart- 
ment of the Executive Government, one duty of 
which should be to look after the principal rivers of 
the country, and by means of official inspectors to 
see that these rivers are kept free from such gross 
pollution as not only unfit the rivers for their 
natural primary uses, but convert them into carriers 
of nuisance and unhealthiness among the popula- 
tions of the district through which they flow.” He 
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dwelt on the inadequacy of the Act of 1876 to stop 
river pollution, stating that since the passing of the 
Act there had not been acase brought under it in Scot- 
land. Where action had been taken to stop pollution 
it was under the old common law of the country. 
He approved strongly of the House of Lord’s Com- 
mittee’s recommendation for the appointment of 
ay a district boards, and urged the forma- 
tion of a Government Department, which should 
take ng of the rivers of the country, as in 
France, Holland, Italy, and Germany. The chief 
defect of the Act of 1876 was that the whole ma- 
chinery was vested in the local authority, which 
would not move in cases of pollution, and the only 
remedy for that was the appointment of provincial 
inspectors either by the Government department or 
the Board of Supervision. 

Here we find some really practical advice as 
regards the prevention of river pollution. Those 
who are acquainted with the Clyde, the Forth, the 
Gala, the Nith, and some other rivers in Scotland to 
which we might refer, on the banks of which textile, 
mining, paper, and other industries are carried on, 
will be fully aware that neawly all the rivera in 
Scotland are gradually acquiring the unenviable 
character of English rivers. Legislation under such 
circumstances, becomes a farce, the law of the 
land is brought into discredit, litigation between 
landowners having fishing rights, and manufac- 
turers acquiring or using water rights for the pur- 
poses of getting power or the carrying of their 
refuse, will gradually increase until perhaps the 
limits of national patience may be reached, and as 
we have previously seen, some rash piece of legis- 
lation will rush into the rescue and make for the 
time matters better, to become infinitely worse for 
the future. 








PHYSICAL SCIENCE AT THE PARIS 
EXHIBITION.—No. IX. 
LigutTHovuse ILLummnation.—I. 


THE optical apparatus of lighthouses, which formed 
so interesting a feature at the Loan Collection of 
Scientific —e at South Kensington, in 1876, 
was at the Paris Exhibition representative only as 
far as France was concerned. We did not notice 
the name of a single British or foreign manufacturer 
attached to the exhibits, and although France con- 
tributed a splendid collection of apparatus, the ex- 
hibition in no way showed the progress made by 
the world generally in the science of lighthouse 
illumination since the last occasion of an interna- 
tional industrial competition. The Loan Collection 
of Scientific Apparatus, whether it be regarded as 
illustrative of the rise, progress, and general history 
of the subject, or of its most recent improvements up 
to date, was unrivalled and unprecedented. Among 
its exhibits were the original lenses and apparatus 
of Fresnel, manufactured by Soleil, as well as 
specimens of the crude systems of lighthouse illumi- 
nation in use before Fresnel brought about a revo- 
lution of the subject, by throwing upon it the light 
of sound physical science, side by side with the 
newest and most perfect apparatus that has ever 
been designed. Among the names of contributors to 
and manufacturers of the South Kensington collec- 
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tion, which was described in these columns at the 
time,* were to be found those of the Corporation of 
the Trinity House, of the Commissioners of Northern 
Lighthouses, of the Service des Phares de France, 
of Messrs. Chance Brothers, of England, Messrs. 
Stevenson, of Scotland, Messrs. Edmondson, Ire- 
land, and of MM. Sautter Lemonnier, of MM. 
Barbier and Fenestre, and of M. Lepaute, of France. 
At the Paris Exhibition the last three names appeared 
as the only contributors of lighthouse apparatus, no 
foreign manufacturers being represented. 

The most important exhibits of lighthouse appa- 
ratus were those of MM. Sautter Lemonnier, who 
contributed to four classes in the Exhibition. Their 
principal exhibit was in the middle of the French 
machinery gallery, and they exhibited apparatus 
also in the pavilion of the Ministére des ‘Travaux 
Publics, in the Annexe de Navigation et Sauvetage, 
and in the Pavillon d’Eclairage et de Chauffage. 

The exhibit in the French machinery gallery was 
one of the most attractive and interesting of the 
whole exhibition; in the centre was a complete 
apparatus and lantern for a first-class lighthouse 
illuminated with the electric light and fitted with 
modern improvements. This splendid apparatus con- 
sisted of a fixed lenticular “ beehive” apparatus, 
about 30in. in diameter, illuminating an are of 
800 deg. of azimuth, and surrounding a large Serrin 
regulator, to which an electriccurrent was supplied by 
a Gramme machine. Around this “‘ beehive” revolved 
a series of twenty-four vertical plano-cylindrical 
prisms, the curvature of each being such as to con- 
dense the light falling upon it from 15 deg. of 
azimuth (i.¢c., »;th of the circumference) to 5 deg., 
so as to produce a flashing light, the intensity of the 
flash seen from any one place being three times 
what the fixed light would give if the revolving 
cylinder of prisms were removed. The vertical 

risms composing this revolving cylinder were not, 
Loweven, of sufficient height to cover up the whole 
of the fixed lenticular apparatus, they extended 
only from the level of the apex of the ‘ beehive” to 
that of the bottom of the middle refracting belt, so 
that while the central lenses and upper prisms sup- 
plied the light which was condensed by the revolv- 
ing prisms to produce the flashes, the whole of the 
lower prisms of the fixed apparatus were employed 
to maintain the fixed light, and as the lower prisms 
collected about one-fourth of the light emanating 
from the electric arc; and, as the vertical prisms, 
by condensation, produced an intensity of flash of 
about three times the remaining three-fourths of the 
light from the carbon points, it follows that the in- 
tensity of the flash (disregarding the absorptive in- 
fluence of the outer prisms) would bear to that of 
the fixed light w) ny mew of about 9 to 1, but 
the proportion is by absorption and other causes re- 
duced to that of 8 tol, that is to say, the dis- 
tinctive character of the light transmitted by the 
apparatus would be that of a fixed white light 
flashing, at equal intervals of time, with alight eight 
times as strong. The lantern within which was 
enclosed this beautiful apparatus, which we shall 
illustrate on an early occasion, was constructed upon 
Mr, J. N. Douglass’s principle, having helical steel 
framing fitted with cylindrically curved glass plates. 

Arranged around this lantern were a number of 
objects exhibited by Messrs, Sautter, Lemonnier, et 
Cie,, connected with lighthouses and with the ap- 
plication of the electric light to naval and military 
purposes. One of the latter was a portable appa- 
ratus for the production of the electric light, and 
consisted of a Gramme machine coupled to one of 
Brotherhood’s three-cylinder engines and mounted 
on a travelling carriage with a fire-engine boiler. 
By means of a commutator the current generated by 
this machine could be varied, corresponding to the 
effect of coupling up a battery either “in tension” 
or “in quantity”—to use expressive but some- 
what antiquated terms. With the commutator 
arranged for the former a light i: obtained of about 
11,500 candles at a speed of 700 revolutions per 
minute, and for the latter with a speed of 1200 re- 
volutions the light produced is equal to more than 
19,000 candles. A still more powerful Gramme 
machine with flat horizontal electro-magnets was ex- 
hibited by the same eminent firm, capable of giving 
a light of double the power of the last, and weighing 
about a ton. 

In connexion with the portable apparatus above 
referred to, Messrs. Sautter, Lemonnier, et Ci, ex- 
hibited a beautifully made optical apparatus for 
projecting the light in a condensed beam to dis- 


~— ® See ENarvzmana, vol. xxii., pp. 245 and 355. 





tances, and which, by means of quick and slow 
motions, could be directed both in altitude and 
azimuth. The lamp wasof Serrin’s form, and by an 
ingenious optical apparatus the adjustment of the posi- 
tion of the arc in the optical focus of the holophote 
could be made with greataccuracy. With this appa- 
ratus a light produced by the portable electric ma- 
chine would be capable of rendering objects dis- 
tinguishable at a distance of from 2} to 3 miles. 
Messrs. Sautter, Lemonnier, et Cie. exhibited also 
at the same placea smaller Gramme machine mounted 
on wheels, br use in time of war for the illumination 
of trenches and outposts. Forming part of the same 
group of exhibits were a number of steam syrens and 
fog-horns, which will form the subject of a separate 
notice, 

In the pavilion devoted to lighting and warming, 
Messrs. Sautter, Lemonnier, et Cie. exhibited speci- 
mensof Gramme machines and regulators for military 
aod naval purposes, and for the illumination of 
yards, workshops, railway stations, and open spaces 
generally, and in the pavilion attached to the 
Ministére des Travaux Publics they exhibited a fine 
Gramme machine for lighthouse purposes, in addition 
to the optical apparatus constructed by them for the 
lighthouse on the Planier Rock, near Marseilles, 
This interesting apparatus, which we shall describe 
in detail in another notice, consists first of a Serrin 
electric regulator for exhibiting the electric light 
produced by a Gramme machine, and surrounded by 
an “all-round” fixed dioptric apparatus or ‘“ bee- 
hive.” Around this is revolved, by means of a 
clock, a cylinder of vertical plano-cylindrical prisms 
arranged in six groups of four prisms each, of which 
one prism in each group, and subtending an angle 
at the focus of 30 deg., was red, while three prisms, 
each of 10 deg., were red. The effect of this apparatus 
is to produce a revolving light visible all round the 
horizon, giving at regular intervals of five seconds 
three white flashes, followed by one red flash, the 
light being eclipsed between each. 

Messrs. Sautter, Lemonnier, et Ci¢. showed also 
in the Pavillon de Navigation et Sauvetage examples 
of diooptric apparatus for lightships, optical pro- 
jectors for the electric light for rendering objects 
visible from a distance of two or three miles, and a 
complete apparatus for use on board ocean-going 
steamers, consisting of a Gramme dynamo-electric 
machine and catoptric projector, in which a Serrin 
lamp is placed in the focus of a parabolic reflector, 
which by adjusting movements can be directed in 
altitude and azimuth so as to throw a powerful beam 
of light in any required direction. 

Messrs, Barbier et Fenestre exhibited in the 
French Machinery Annexe a first order lighthouse 
apparatus, constructed for the lighthouse at Pit- 
sounda (Southern Russia), the characteristic feature 
of the light being the exhibition of two white flashes 
succeeded by two red flashes every 30 seconds. 
This apparatus consisted of a reyolving octagonal 
dioptric system of eight panels of lenses and refract- 
ing prisms, each alternate pair of panels having 
fixed before it a flat plate of ruby glass. This isa 
somewhat antiquated arrangement, involving very 
serious loss of light due to absorption by the coloured 
glass; for, as it has been found that red glass 
absorbs seven-elevenths of the light, trausmitting 
but four-elevenths, it follows that the red flashes 
would bear but little more than that proportion 
to the white flashes, and would be visible for 
a much shorter distance. Beyond therefore the 
visible range of the red flashes, the light would en- 
tirely lose its special distinctive character, and would 
resolve itself into a revolving light, exhibiting 
two white flashes followed by an eclipse of the 
light. This inherent objection to the ee arang of 
coloured glass to give a distinctive character to 
lighthouse lights is to a certain extent remedied in 
the Planier light, above referred to, by giving to 
the red prisms three times the collecting area of that 
of the white prisms ; but this is only accomplished 
at the same cost of light, for it is clear that if the 
extra area given to the red prisms to compensate 
for absorption were utilised for white light, a pro- 
portionately more powerful apparatus would be 
produced. The only scientific method for giving a 
distinctive character to lighthouse illumination, and 
which obviates the use of coloured glass altogether, 
is the very beautiful ‘“ group-flashing” system de- 
vised by Dr. Hopkinson, F.R.S., which was illustrated 
and described in these columns in connexion with 
the Loan Collection of Scientific Apparatus.* In 
this system the vertical planes of the optical axis of 
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the lenticular panels make unequal angles with one 
another at the centre of the apparatus, the lenses 
being fixed to the revolving framework in such posi- 
tions that the angles included between their several 
optical axes are arranged, large and small, in groups, 
The effect of this is to produce (with a uniform ro- 
tation of the apparatus) a series of flashes separated 
by unequal periods of darkness, the inequality of 
the duration of the eclipses giving to the light its 
grouping and distinctive characteristic. 

Messrs. Barbier et Fenestre showed also some 
beautifully-finished projectors for the electric light, 
some being dioptric, others catoptric, and one com- 
bining the two, having an’ electric lamp placed in 
the focus of a parabolic reflector 4 ft. in diameter, 
a small holophote being fixed in front of the lamp, 
and within the reflector for collectingand parallelising 
the front diverging rays from the electric arc. The 
same firm exhibited also a well-finished fourth order 
flashing light consisting of a ‘‘ beehive” optical appa- 
ratus, around which revolved a cylinder composed 
of vertical plano-cylindrical prisms. They also 
showed a large first-order lighthouse lamp for burn- 
ing oil, of the form designed by Mr. Douglass, the 
engineer to the Trinity House, and carrying six con- 
centric tubular wicks, as well as a series of coloured 
lamp chimneys for producing ‘all-round” coloured 
lights, which are open to the same objections as we 
have mentioned, in consequence of the great loss of 
light through absorption by coloured glass. 

In the pavilion of the Ministére des Travaux 
Publics, MM. Barbier et Fenestre exhibited an 
optical apparatus for a harbour light for indicating 
the height of water, for the information of vessels 
entering port. ‘This consisted of a white ‘‘ beehive” 
apparatus about 20 in. in diameter. Half its circum- 
ference was surrounded by coloured vertical prisms, 
the other half having nothing before it. In the 
first half five-sixteenths of the whole circumference 
was appropriated to five red prisms of 22 deg. 
30 min. each, while three-sixteenths was occupied 
by three blue prisms of the same angular dimensions, 

M. Lepaute exhibited in the cross gallery close to 
the Gallerie des Instruments de Precision a small 
revolving lighthouse apparatus giving alternate red 
and white flashes, and in a separate pavilion of his 
own in the gardens of the Trocadéro as well as in 
the Pavillon des Travaux Publics, he showed 
several examples of lighthouse apparatus. One of 
those in the latter place was a third-order revolv- 
ing fixed and flashing light. In this apparatus 
one-half of the circumference consisted of a semi- 
beehive system of belts and prisms, while the 
other half was composed of eight flashing panels, 
so as to produce a steady fixed beam lasting for 
30 seconds, followed by a scintillation of the light 
lasting for the same time. The same firm also 
showed a somewhat similar apparatus of the fourth 
order producing a fixed scintillating and coloured 
light. In this apparatus the optical arrangement 
for producing the fixed white light was identical 
with that last described, and the other half of the 
circumference consisted of five condensing panels 
having red panes of glass fixed in front, so that the 
distinctive character of the light produced would be 
a fixed white light alternating with five red flashes 
in rapid succession. 

The Services des Phares de France and the 
Ministére des Travaux Publics exhibited in the 
same pavilion very interesting examples of light- 
house apparatus, including a complete series of oil 
lamps for first, second, third, fourth, fifth, and 
sixth order lighthouses, the number of concentric 
wicks decreasing as the number of the order in- 
creases, thus, a first order lamp carries six wicks, 
while a sixth-order lamp has but one. There was 
exhibited also in this department interesting ap- 
paratus for the testing of mineral oils, as well as 
tine collections of models and drawings i'lustrating 
the history and present position of lighthouse con- 
struction and illumination. We shall iu future 
articles refer again to some of the apparatus men- 
tioned in this notice, illustrating those of special 
scientific interest. 








THE LATE BENNET WOODCROFT, F.RS. 
WE regret having to announce the death of Mr. Bennet 
Woodcroft, F.R.S., whose name has been identified with 
the Patent Office ever since its establishment, and is also 
known in connexion with the screw propeller and other 
inventions. Mr. Woodcroft was born December 29, 1802, 
and his death took place on the 7th inst., at his residence, 
Redcliffe Gardens, Brompton, His father was Mr. John 
Woodcroft, of Bennet Grange, near Sheffield, and who was 
a Manchester manufacturer. After receiving a liberal 
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education, the younger Woodcroft studied under Dr. 
John Dalton, of Manchester. In course of time he joined 
his father in his works at Manchester, and while there 
he made several improvements in the spinning machinery 
of the factory. Notably, he invented the sectional tap- 
pets for the Jacquard loom, which he fitted to his father’s 
machines, This invention he patented in 1838, and his 
sectional tappets are now almost universally used with 
the Jacquard loom. After remaining with his father for 
some years, Mr. Woodcroft came to London, where he 
commenced practice as a consulting engineer, and became 
largely engaged in patent cases, In 1846 Mr. Woodcroft 
was appointed professor of machinery at University Col- 
lege, London, and he occupied that chair until 1852, 
when he resigned the appointment. In the year 1852 the 
Patent Law Amendment Act was passed, which abolished 
chaff-waxes, clerks of the hanaper, and such like, and 
amongst other things provided that all specifications of 
patents, past and future, should be printed for public 
reference. This led to the establishment of what is now 
known as the Patent Office, and the then Lord Chan- 
cellor, Lord Cranworth, appointed Mr. Woodcroft as super- 
intendent of specifications. This office shortly after merged 
in that of clerk to the Commissioners of Patents, on Mr, 
Woodcroft being appointed to the latter post. This a 

pointment Mr. Woodcroft continued to huld until March, 
1876, when he resigned the position. Mr. Woodcroft’s 
long connexion with patent matters especially fitted him 
for the position he so long held, and during his tenure of 
office he carried out the provisions of the Act of 1852 
with commendable zeal and efficiency, and in a very 
liberal spirit. Hein fact may be said to have originated 
and carried out the whole existing system. Through his 
efforts mainly the library in connexion with the Patent 
Office was established, and it claims the distinction of 
being the first absolutely free library opened in London. 

On the 15th of December, 1856, the first meeting of 
the Commissioners of Patents was held for the purpose 
of forming a Patent Office Museum, a matter in connexion 
with which Mr. Woodcroft greatly interested himself. 
On the 22nd of June, in the following year, Her Majesty 
opened the Patent Office Museum and the South Ken- 
sington Museum. It was at first intended that a charge 
should be made for admission to the Patent Office 
Museum, but by the persistent offorts of Mr. Woodcroft 
the museum was made a free institution to the public. 

Mr. Woodcroft’s contribution to the practical history 
of screw propulsion was his improvement of the screw 
by giving the blades an increasing pitch, which invention 
was considered sufficiently meritorious to entitle Mr 
Woodcroft to an extension of his patent for six years, 
and this in the face of very strong opposition. Mr. 
Woodcroft was the means of bringing to light an in- 
teresting relic of a past age of engineering, namely, the 
original steam engine made by Symington for Patrick 
Millar, of Dalswinton, in the year 1788, and which 
was worked by Millar on Dalswinton Loch, and was 
the first marine steam engine ever made. It was 
described and illustrated in ENGINEERING, vol. xxiii. 
page 63. It will not be out of place to refer here 
to the circumstances which attended the discovery 
of this engine and the placing it in the Patent Office 
Museum. Mr. Woodcroft having heard that it had been 
placed in the British Museum, searched for it there but 
failed to find it. Mentioning the matter one day to Mr. 
Scott Russell, that gentleman informed Mr. Woodcroft 
than it was lying at Coutts’ Bank. On inquiry there it 
was found that the engine, having been considered an in- 
cumbrance, had been removed to a store in Marylebone. 
To this store it was traced, but it had been sent from 
thence long since to a Mr. Kenneth McKenzie, in Edin- 
burgh. Mr. Woodcroft set inquiry on foot in Edinburgh, 
and at length succeeded in tracing the engine to a small 
foundry owner there, to whom it had been sold. The 
engine was reported to be in a most dilapidated condition, 
and in that state Mr. Woodcroft purchased it, and had it 
sent to him in London. The engine was a mere wreck, 
and in that condition was shortly afterwards seen by Sir 
Joseph Whitworth and the late Mr. John Penn. Mr. 
Penn undertook to put the engine in thorough repair, 
which he did at his own expense. This took place some 
three years before the Patent Museum was opened, but 
soon after that time the engine was placed there on loan 
by Mr. Woodcroft, and it remained there until about a 
year since, when he had it removed to his own house, 
where it lies at the present time. 

Mr. Woodcroft was the author of several small works, 
and amongst others a book on the pneumatics of Hero 
of Alexandria, which was published in 1851. He also 
wrote a work on the history and progress of steam navi- 
gation, and a series of biographical sketches of inventors, 
and in 1853 prepared an appendix to the specifications of 
reaping machines. He took an interest in the leading 
scientific institutions, and was elected a Fellow of the 
Royal Society in the year1859. His health had been 
failing for a short time previously to his death, and he 
passed quietly away on this day week, leaving behind 
him a widow but no children. 








Evectric LANTERNS—An establishment at Paterson, 
New Jersey, has received an order for seven electric 


lanterns from the Russian Government. The lanterns are 


to be placed at the bows of the seven largest Russian 
men-of-war. 





NOTES FROM THE SOUTH-WEST. 


The Electric Light at Avonmouth Dock.—On Thursday 
the 6th a ee were made at the pierhead at the 
Avonmouth , for the purpose of determining which - 

tus out of several would be the best for aS 
ock with the electric light. A wooden building has 
erected near the outer lock-gates, in which have been fixed 
an 8-horse power steam engine, and a ized Wallace- 
Farmer electric machine. The lamps used were 
the be tone = Farmer, the my ot — in. The 
experiments were in every way satisfactory, the current 
generatedin the machine being powerful and the lights 
exceedingly brilliant. Several forms of lanterns were also 
tried. In consequence of the result of the experiments it is 
intended to use two Lancaster lamps to light ships through 
the entrance channel, by placing the lamps side by side at 
the entrance to the lock, with a powerful reflector at the 
back. One <Wallace-Farmer lamp will be placed opposite 
each pair of gates, and as the ship entering the doek passes 
the outer lights they will be turned down, and the electric 
current directed to those opposite the gates. The quays 
and wharves will also be illuminated by the Wallace- 
Farmer lamp when vessels are being loaded or unloaded at 
night. One of the forms of the lanterns intended to be 
opted will be very similar to those used in the public 
streets, two sides will be converted into a reflector, the other 
two sides being glazed. The steamship Cornwall was pass- 
ing into the dock as the experiments were being made, 
showing what the effect of the lights would be when placed 
permanently around the dock. Judging from the result of 
the experiments on Thursday, the adoption of the electric 
light to illuminate the dock and sheds will prove a success. 
Lights will alsofbe placed in a new-covered wharf now in 
process of erection. 


Cardiff.—A large fleet of steamers and sailing vessels 
arrived at this port last week, amongst them being several 
large craft of over 2000 tons register. The shipments of 
a foreign-wise were 10,500 tons ter than in the 
previous week, and the demand for this commodity con- 
tinues to increase, some contracts having been 
negotiated for steam coal at fair prices. The demand for 
house coal, No. 3 Rhondda, is not, however, so good, 
although prices are firm. The export of iron during the 
week was Sy nearly 1500 tons, but the patent fuel 
shipments decreased 2400 tons. 


Keyham.—The foundations for the engineer students’ 
quarters at Keyham Yard, recently commenced, are now 
rapidly approaching completion. A commencement is 
about to be made with the main works of the superstructure 
for the building itself, which will be of an elaborate 
character. The drawings have been undergoing inspection 
by persons wishing to tender for the work, and the results 
wil shortly become known. 


Newport.—Last week the imports of iron ore were 3941 
tons, as against 6350 tons in the previous week. The ex- 
ports of railway iron were 2100 tons to Bombay and 360 
tons to Bahia. Coal freights are firmer, but there is no 
improvement in the prices of steam coal. 


Portsmouth.—A reduction in the establishment of Ports- 
mouth Dockyard has been ordered, 50 workmen of different 
occupations, including shipwrights and fitters, having 
already received a week’s notice of discharge. This result 
has been principally brought about by the Admiralty 
surcharging the wages vote with the cost of victualling the 
men who were engaged in the salvage operations on the 
wreck of the Eurydice. 


—- 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

An Opening for Sanitary Engineering.—Leaving all 
matters of decency out of the question, surely any regard 
for sanitary precautions must be at a discount at Staveley, 
a thickly populated industrial centre about seven miles from 
Sheffield. The medical officer who has examined the 
burying-ground there gives the following report of his re- 
searches. For the depth of from 8ft. to 10ft., the soil 
consists purely of clay, and although there are several 
drains in it, the water does not percolate through the 
earth, and the consequence is that the vaults as well as 
the graves are one-third full of water. The sexton says 
that in re-opening ee or digging new ones in close 
proximity to the old ones a very offensive fetor is felt, 
which is sometimes unbearable, and is owing to the 
ground being saturated with the organic solution of human 
remains. ‘This is indeed a disgraceful state of things 
There was a small-pex epidemic in Stavely a few years ago, 
and fever is prevalent there now; it would be a wonder if 
it were not. In Sheffield itself the authorities have caused 
an = ay d to be made as to the state of Heeley, one of the 
suburbs, mostly — by the middle classes and well-to- 
do working men. The report —_ that many of the houses 
there are built for sale, and pushed into the market by the 
builder with as little delay as possible. Two sg 4 ago the 
River Meersbrook, which —_ through Heeley, had trout 
in its waters in considerable quantities, now sewage in its 
blackest dye and the refuse from a tannery pollute the 
stream. The report abounds with particulars showing how 
whole rows of dwellings are allowed to be “ run up,’’ with- 
out any further requirements than that they ‘‘ conform to 
regulations.’’ 

Improvements in Sheffield. —The work of improving the 
main streets of Sheffield is going steadily forward. When 
completed, according to the } peer scheme, the cost will 
be about one million pounds sterling. In Church-street, 
Fargate, Burgess-street, and Blonk-street rapid progress 
is eg | made, and the authorities are evidently not going 
to be idle, as they are acquiring new sites for their pur- 
poses. 





The Curiosities of Arbitration.—The Earl of Yar- 








ion, and the Manchester, 

, and I i Company have had a 
— arbitration relative to the a of land and property 
which the latter sought to acquire. Sir Henry Hunt, the 
arbitrator, has made his award, and a comparison of the 
different estimates of value will be instructive. Fitty Land : 
for this he has awarded 16,1001. The valuation made by 
Mr. Fowler, the arbitrator acting for Lady Yarborough, 
amounted to 18,2387., and by Mr. Holmes, the arbitrator 
per be the railway com; » at 92777. Wellow-gate 
and len-street property ; the umpire’s award in this 
case is 23001. The valuation made by Mr. Fowler, Lady 
Yarborough’s valuer, was 31521., whilst the valuation of 
Mr. Holmes, the arbitrator for the railway company, was 
16077. 14s. 8d. The Corporation Freemen’s land ; with 
respect to this land the umpire has awarded 58001. Mr. 
Barker, the chairman of the Pastures Committee, on 
behalf of the freemen, valued the land at 13,1731., whilst 
py a on behalf of the railway company, valued it 
ai § 


borough, the Grimsb 
Sheffield, and Ticoceebies 


qi ements of Queen’s Dock, Hull.—Some two months 
ago . James Reckitt advocated a more profitable use of 
the ’s Dock, and offered a prize for the best plans 
and bird’s-eye view of the dock and quays covered with 


public buildings, streets, and squares. Some well-designed 
and beautiful plans were sent in, and after a careful in- 
spection by the jurors, composed of the mayor, Mr. J. Fox 
8 , the borough engineer, Mr. W. H. Kitching, 
architect, and Mr. James Reckitt, the prize was unani- 
mously awarded to Mr. T. Brownlow Thompson, architect, 
15, Parliament-street, Hull. Most of the buildings shown 
on the plans which have been sent in would be built by 
private ple, but itis thought by Mr. Reckitt that the 
town buildings ought to be built ont of the profit made by 
an equitable exchange of property between the Dock Com- 
pany and the Corporation. 








FOREIGN AND COLONIAL NOTES. 

Austro-Hungarian Railways.—The aggregate revenue 
of the railways of Austria and Hungary in 1878 amounted 
to 20,340,2921., as oe with 20,851,0231. in 1877. 
The average length of line worked in 1878 was 11,21 
miles, as compared with 10,8814 miles in 1877. The gener: 
result of last year’s working, as compared with 1877, was 
thus a decrease of 5.30 per cent. per mile worked. 


American Locomotives in Switzerland.—The American 
locomotive from the Paris Exhibition, which we illustrated 
ina recent number, arrived lately at Geneva. The object 
aimed at in the introduction of this engine is the use of 
anthracite coal, which has been discovered lately in the 
Valais. For the consumption of this coal the locomotives 
made in France and Switzerland do not appear to be 
adapted. The American engine which has arrived at 
Geneva has worked well. 


An Inland African Sea.—M. Ferdinand de Lesseps 
has read a paper to the French Academy of Sciences with 
reference to the interior African sea pro by Captain 
Boudaire. M. de Lesseps sailed from Marsei sein Beverban, 
1878, and landed in the Bay of Gabes, into which flows the 
little river Melah, selected by Captain Boudaire as the 
channel communication between the Mediterranean Sea 
and the Chotts. Up this small stream the sea penetrates 
to a distance of about five miles at high tide. The last 
an Se will naturally attract attention as the general 
belief has always hitherto been that no tide existed in the 
Mediterranean, with the exception of the Gulf of Venice, 
where a rise and fall of about 2 ft. occur. Such, however, 
is not the case, for at Gabes the tide rises to 8 ft. and 
sometimes 10 ft. The Tunisian Chotts commence at about 
14 miles from the sea and extend to a distance of 250 
miles. The ground which separates them from the sea 
would be easily worked. M. de Lesseps states that he 
noticed on the banks of the Melah some cliffs which 
appeared to consist of hard stone. He sent one of his 
companions to procure some sone, and that gentle- 
man broke off some pieces, which he placed in a bag in his 
pocket. When they came to be examined they were found 
to have all been reduced to small fragments, in fact, they 
consisted of nothing but agglutinised sand. A portion of 
the material was handed to M. Daubrée for analysis, and 
he will make a report to the Academy on the subject. M. 
de Lesseps states that all the 1 traditions in Tunis 
agree as to the former existence there of an inland sea, 
aud his opinion is that its re-establishment would be very 
easy. However, he said that nothing could be done until 
Captain Bondaire’s mission of levelling and sounding was 
accomplished, and that would occupy at least six months. 
In reply to an observation by M. nm, M. de Lesseps 
stated that the formation of an inland sea would not inter- 
fere with the existing oases, as they are 15, 20, or even 
30 metres above the proposed water level. 


The French Coal Trade.—In the French departments of 
the Nord and the Pas-de-Calais orders are almost entirely 
confined to coal required for domestic consumption. There 
is very little demand on the part of the iron works and 
sugar works. In the basin of the Loire the condition of 
the coal trade is not much better than in the north of 
France. 

Pig Iron in Pennsylwania.—In 1878 Pennsylvania made 
more than 50 cent. of the total production of pig iron 
in the United States. ' 

Turntables in Belgium.—Contracts are about to be let 
for 53 turntables required for the Belgian State Railways. 








Srzxet Raris.—A contract for 25,000 tons of steel rails, 
has recently been let by the Great Eastern Railway Com- 
wag Messrs. Cammell and Co. at the price of 41. 9s. 6d. 
per ton. 
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SUGG’S LANTERN WITH “LONDON” ARGAND GOVERNOR BURNER. 


CLEAR GLASS 


IMPROVED GASLIGHTING. 

WE publish above illustrations of Mr. Sugg’s improved gas 
burner and lamps, together with a plan of their installation 
in Waterloo-place, and we reproduce from a recent issue 
of the Times the following description of the system : 

‘In a recent article on gaslighting we observed that the 
comparative inefficiency of street lighting in London had 
been brought into unpleasant prominence by the appear- 
ance of the electric light in our midst, and we pointed out 
that that inefficiency was due to the fact that the lamps 
were placed too far apart, and that the supply of gas to 
them was far too small, the consumption ci kept as 
low as possible by the vestries from motives of economy. 
That these shortcomings were not due, as some had begun 
to imagine, to the impossibility of obtaining a better light 
from gas, except at a prohibitory cost, was shown by the 
particulars we then gave at the experimental lighting of a 
portion of the Waterloo Bridge-road with gas, on a liberal 
scale, by the Phoenix Gas Company. This was practically 
intended as an answer to the experimental lighting of the 
Holborn Viaduct and the Thames Embankment by elec- 
tricity, and although the cost of illumination was certainly 
ine under the improved system of lighting, it 
was not increased unduly or extray ay A similar 


answer has now been given by the Gaslight and Coke 








Company, who, having obtained the sanction of the St. | 
James’s Vestry have now revolutionised the gaslighting | 


of Waterloo-place and a part of Regent-street at their own | 


expense. The Gaslight Company some little time since 
appointed a committee of their directors to take action in 
this direction, and they placed the matter in the hands of 
Mr. William Sugg, of Westminster, to carry into effect, 
and he has very successfully accomplished their wishes. 


The arrangements were recently completed, and the whole | 


series of lamps are now lighted. 

“‘ The ordinary lighting of this piece of roadway, which 
is about 500 yards in length and of considerable width at 
the lower end, is effected by means of 42 lamps, burning 
2} cubic feet of gas per hour, and the light from each was 

ual to nine candles. Thirty-six of these lamps are on 
the footways, four on the street refuges, one between the 
Athenwum and the United Service clubhouses, and one 
opposite the County Fire Office. Tiere were, therefore, 
105 cubic feet of gas used per hour in these lamps, which, 
being cannel gas, custs 4s. 4d. per (000 cubic feet, and 
amounts to 5}d. per hour. There are also several lamps at- 
tached to the Guards’ Memorial, but owing to their special 
construction they had to be excluded from the experiment. 
The 36 footway lamps have had the old lanterns and 
burners removed, and they have been repla by new 
lanterns, specially designed by Mr. Sugg, and his London 
argand burners, having two concentric columns of flame. 
In each of these the consumption of gas is 19 cubic feet per 
hour, and the = produced is equal to 80 candles. In 
four instances the ancient lamp-posts have heen superseded 
by others of modern construction, designed by Mr. Sugg, 
and which have several structural features below as well 
as above d to recommend them. The four lamps on 


the refuges have the improved lanterns, and are now fitted 








WHITE GLASS 


with London burners, having three concentric columns of 
flame, each burner consuming 23 cubic feet of gas per hour, 
and affording the light of 100 candles. The two improved 
lanterns on the standards between the Atheneum and the 
United Service Clubs have the same kinds of burners, but 
with four concentric flames, consuming 45ft. of gas per 
hour, and giving a light equal to 200 candles. 
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‘The lanterns are of a similar pattern to those used in 
the Waterloo-road, which, with the burners, were also 
supplied by Mr. Sugg. In vertical section they approach 
the diamond shape, and are hexagonal in plan, with the 
exception of the two largest and the four of intermediate 
size, which are respectively 12-sided and octagonal. The 
—— portion of each lantern is glazed with a new kind of 
white glass, which serves to reflect as well as to transmit 
the light. The lower portion is of clear glass, which 
allows the reflected as well as the direct rays to be distri- 
buted around, and such is the arrangement of the framing 
that no shadows are thrown on the ground immediately 
under the lantern, as with the ordinary street lanterns. 
The ventilation of the lantern is very perfect, and is such 
that a high wind does not affect the steadiness of the gas- 
flame. The burners are so that they are self- 
lighting — the gas being turned on. To effect this each 
burner is fitted with a central jet of gas termed a flash-jet, 
which burns a quarter of a cubic foot per hour, and always 
remains alight. This little jet is maintained at a constant 
rate of consumption by a small governor of very ingenious 











PERFORATED > 


construction, which Mr. Sugg has recently devised. Each 
of the large burners is also provided with a governor, so 
that variations of pressure in the street mains do not in 
the least affect the height of the flame. Each lamp is 
rovided with a lever tap, so arranged that the gas can 
turned on and off without the use of a ladder. When 
turned on, the small flash-light ignites the gas, and when 
turned off the ‘‘ flash’? remains burning, there being thus 
no necessity for opening the lanterns to light the burners, 
notwithstanding that they are of the argand type with 
chimneys. 

** With regard to the cost of ‘the ‘gas for the improved 
system of illumination, it will be observed that the 36 
footway lamps, at 19cubic feet each, burn a total of 684 ft. 

r hour, the four refuge lamps, at 23 ft. each, 92 ft. per 

our, and the two large lamps, at 45 ft. each, 90 ft. per 
hour. This gives a total of 866 ft. of gas per hour, afford- 
ing an illuminating power of 3680 candles, and costing at 
4s. 4d. per 1000 cubic feet, 3s. 64d. per hour. This is, of 
course, a marked increase upon the 105 cubic feet per hour 
consumed by the 42 old lamps, and costing only 5id. per 
hour. But equally marked is the advance in the illumina- 
tion, which is of the highest character. During the progress 
of the work of modification temporary burners were used. 
These were Sugg’s London burnersof a smaller size, con- 
suming 6ft. per hour and of six-candle illuminating power. 
This lighting was of itself a very great improvement —_ 
the — it superseded, but was of course inferior to that 
by which it has been succeeded. By it—the intermediate 
arrangement—an approximately efficient light could be ob- 
tained at a cost of 1s. 14d. per hour for gas, larger burners 
being used on the refuges and in the open spaces. As in 
the case of the Waterloo-road experiment, the new system is 
not intended to be applied indiscriminately (unless desired )», 
but is an example of what might be done during certain 
hours of the night in our leading thoroughfares and at the 
intersections of roads where the traffic is heavy. It is to 
be observed that the cost of lighting the 500 yards of road 
in Waterloo-place is considerably in excess of that of the 
500 yards of the Waterloo Bridge-road. But then the 
illumination is greatly superior in the former case, and, 
in fact, may be taken as the perfection of street gas- 
lighting. A few private burners on the route which 
were still lit formed a negatively admirable contrast to 
those of the new type, while the lamps surrounding the 
Guards’ Memorial were simply Indicrous in their feeble 
effect. There are three results now afforded, and these are 
—first, those of the Waterloo-place experiments, as ex- 
emplified by the present system of lighting, which affords a 
very high rate of illumination and which costs for gas 
3s. 64d. per hour; secondly, those of the Waterloo-road 
experiment, where the cost is 1s. 7d. per hour ; and, thirdly, 
the intermediate system temporarily applied in Waterloo- 
place by Mr. Sugg during the transition period already 
alluded to, and in which the cost of gas was 1s. lid. per 
hour. These three degrees of excellence form examples of 
what can be done with gas, and they illustrate the value 
of these experiments, inasmuch as they point out that any 
desired degree of illumination can be obtained from gas, 
and that it is only necessary for a vestry or any other 
public body to say what amount of light they are prepared 
to pay for and they can have it.”’ 








Grapxite.—An important discovery has been made 
in the interior of the province of Wellington, New Zealand, 
where large deposits are believed to exist, very pure in 
quality and compact in texture. The importance of the 
discovery is enkanced by the fact that the presence of the 
graphite indicates the existence of coal of a quality 
superior to any yet found in New Zealand. Ks 
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STEEL RAILS. 


| 
On the Chemical Composition and Physical Properties of 


Steel Rails.* 
By C. B. Duper, Ph. D., Chemist, Pennsylvania Rail- 


Company. 

In the spring of 1877, the Pennsylvania Railroad Com- 
pany e so dissatisfied with the average life and wear 
of the steel rails if was then able to procure, that it 
determined to make an investigation into the chemical com- 
— and physical properties of steel rails, with a view, 

rst, to answering the question why one steel rail has to be 
removed from the track after, perhaps, eight months’ 
service, while another lasts ten years; and, secondly, if 
this investigation succeeded in throwing light on this im- 
portant subject, to use this information in securing better 
rails in the future. The results of that investigation are 
contained in the following report. In presenting this 
report to the Institute of Mining Engineers, which I am 
permitted to do by the kindness of the officers of the Penn- 
sylvania Railroad Company, it has been thought best to 
retain the form and style in which the report was written. 
For although the report was originally written for the 
officers of the Pennsylvania Railroad Company, and, con- 
sequently, the discussion of details made a little more full 
than if it had been written as a scientific paper, yet this 
very fullness of detail may not be amiss in a field where 
knowledge is so urgently needed. 


REPORT. 
Mr. Tro. N. Exy, Superintendant Motive Power Penn- 
sylvania Railroad Company. 

Sir,—I have finished the examination of the subject of 
steel rails in connexion with their chemical constitution, 
physical properties, and wear, which has occupied my 
attention and study, more or less constantly, for six 
— past, and beg leave to present thereon the following 
report : 

The question which led to, and has followed in all its 
details, the investigation embraced in this report is: How 
shall the Pennsylvania Railroad Company obtain steel rails 
= - aor give a satisfactory wear and be uniform in 
quality 

In order to understand the attempt which has been made 
to answer this question, it will be necessary to state a few 
preliminary principles. It seems to be agreed among 
metallurgists, that the quality of a piece of steel depends 
upon two sets of circumstances. First, upon its chemical 
constitution ; and, second, upon the treatment which the 
metal receives either during or after its manufacture. In 
other words, a piece of steel of certain chemical consti- 
tution and treatment will have certain physical qualities of 
strength, elasticity, ductility, power to resist wear, &c. ; 
or again, a different chemical constitution and treatment 
will give a piece of steel which will differ in one or more of 
these respects from the first; the former being possibly 
more valuable for rails, the latter for cutting tools. 

Now it is to be confessed at the outset, that our know- 
ledge of these two sets of circumstances, viz., the chemical 
constitution and treatment necessary to secure such a piece 
of steel as is desired, is far from Lelng all that could be 
wished for. Nevertheless, some things are known, and the 
work which is described below is an attempt to add to our 
knowledge in this respect, with regard to steel rails. 

Now inasmuch as all our steel rails are made at present 
by the Bessemer or pneumatic process, and inasmuch as 
the conditions of successful working of this process are 
pretty well understood, it is assumed that the treatment 
which the steel receives during manufacture is constant 
or always alike. That this is an actual fact in practice, is 
probably not true. The carelessness of workmen, and the 
want of proper appliances, may at times cause more or less 
variation in the treatment which the successive ‘‘ blows’’ 
or heats in the Bessemer converter receive. These varia- 
tions are, however, undoubtedly small, and where care is 
taken, and the Bessemer process given its full chance, 
the want of uniformity of product, so far as that uni- 
formity depends upon treatment or method of manu- 
facture, should be very small. I would not be understood 
as saying, however, that I think the Bessemer process has 
reached its full development, or is incapable of further im- 
provement. The peyeoeny | of obtaining solid ingots, 
whether it is better to use the bottom or top cast, whether 
the slag is all separated before casting, at what tempera- 
ture the rail should go through the rolls, and especially 
the last pass, and how to get this temperature, are ques- 
tions still awaiting solution, and I think it undoubted, that 
to one or more, or possibly all combined, of these uncer- 
tainties are due some of the anomalies which are often met 
with in steel. 

Nevertheless, assuming, as has already been stated, that 
the Bessemer process, as at present understood and worked, 
is capable, in careful hands, of turning out a moderately 
uniform product, so far as that uniformity depends upon 
treatment or method of manufacture—which is undoubtedly 
the case—the question how to obtain a good rail becomes 
one as to the chemical composition of the steel, and this is 
the part of the problem to which I have devoted some labour 
and study. We are fortunately, however, not entirel 
dependent for uniformity of product, so far as that uni- 
formity depends upon treatment or method of manufacture, 
upon the uniformity with which the rail manufacturers 
work the Bessemer process. Just here comes in the sphere 
for appropriate physical tests and inspection. For ex- 
ample, it seems clear to me that if a ‘‘ blow”’ or heat in the 
Bessemer converter is badly treated at any point during 
the manufacture, so that the steel is spoiled, appropriate 
physical tests and inspection will reveal this fact, and thus 
enable us to protect ourselves by rejecting that ‘‘ blow.’’ 
So that the question with which we started, viz., how shall 
the Pennsylvania Railroad Company obtain steel rails 
which shall give satisfactory wear and be uniform in 

* A paper read before the October (1878) meeting of the 
American Institute of Mining Engineers. 








uality ? seems to be resolved into two others, viz., 1, with 

the present known metallurgical methods in the Bessemer 

rocess, what chemical composition shall the Pennsylvania 

i Company prescribe for its rails? and, 2, what 

hysical tests and inspection shall it apply to secure uni- 

Pormity of product? What follows is an attempt to answer 
these questions. 


I. As TO CHEMICAL COMPOSITION. : 

It is well known that there are six impurities which exist 
in nearly all iron and steel in greater or less amount, which 
are known to have important influences upon its quality, 
even in small quantities. These are carbon, phosphorus, 
silicon, manganese, sulphur, and copper, and when we speak 
of the chemical composition of steel, we mean the amount 
of these various impurities which the steel contains. Steel, 
and especially pig iron, contain other impurities, such as 
titanium, cobalt, nickel, arsenic, &c., but these are 
commonly disregarded in analysis use their amount is 
wae very small, and some of them are not known to have 
any influence upon the quality of the metal. A di nas 
to the influence of these various impurities upon the quality 
of steel, will follow later. It is sufficient here to say, that 
almost the only effect that sulphur and copper are known 
to have on steel, is to render it what is technically known 
as “red short,” that is, if a steel rail has too much 
sulphur and copper in it, it crushes in the rolls or flies to 
pieces, during manufacture. Iam unable to find anywhere 
that sulphur and copper are said to have a deleterious effect 
on the wear or durability of a rail, and indeed, some metal- 
lurgists claim that they are advantageous in this respect. 
I have, therefore, not determined the sulphur or copper in 
the analyses given below, and would not recommend to 
prescribe any specifications in regard to them. We can 
safety trust the rail manufacturers not to give us rails con- 
taining too much sulphur and copper. : 

As to the other four impurities, the question now arises, 
how much of these various substances ought a good steel 
rail to contain? In order to answer this oe twenty- 
five pieces of steel rail have been carefully anal, _for 
carbon, phosphorus, silicon, and manganese. The borings 
for analysis were taken out of the physical test pieces de- 
scribed Kelow. The chemical work was all done in dupli- 
cate. The carbon was determined by combustion, working 
upon 7 grams, dissolving out the carbon with solation of 
the double chloride of copper and ammonium, and burnin: 
with chromate of lead. The phosphorus was determin 
by the molybdate of ammonium method, working upon three 
grams, an a the steel in aqua regia. The I 
was determined by the bromine method, separating the iron 
as basic acetate, and using acetate of soda as the precipitant. 
The silicon was determined in the usual way, working upon 
10 grams, and dissolving in oe acid. The twenty- 
five samples of steel rail which were analysed, have all been 
in actual service ; some of them have broken in service, some 
have crushed in service, some have worn badly with short 
service, and some have endured long and hard service. The 
brands of steel represented in the series, are: Pennsyl- 
vania steel, Cambria steel, Lackawanna Iron and Coal 
Company’s steel, Cammel steel, Mersey steel, Ebbw Vale 
steel, and John Brown steel. It was thought that the 
series would represent, as fairly as a series of twenty-five 
samples could do, the actual results of good and bad servic? 
of rails on the Pennsylvania Railroad. Moreover, the 
samples were taken from all parts of the road, thereby 
rendering inoperative the influence of local causes upon the 
life and wear of the rails. If now the chemical composition 
of the good rails should show uniformity within narrow 
limits, while the chemical composition of the bad rails 
should likewise show uniformity ; and if these uniformities 
of chemical composition in the good rails and bad rails 
should differ from each other, it would seem to be fair to 
conclude that the composition of the bad rails should be 
avoided, while that of the good rails should be adopted. 
That the good rails show a moderate uniformity of chemical 
composition, different from that of the bad rails, will be 
— I think, from an inspection of the analyses which 

ollow. 

One or two things more ought to be mentioned. In order 
to measure the value of a rail as to whether good or bad, 
the approximate tonnage which has passed over each of 
these pieces of rail has been computed ; it being of course 
evident to all that the burden which a rail has sustained, 
even though approximately determined, is a much more 
accurate measure of its value than time of service. Again, 
position in a track, whether on a curve or ona straight 
line, and also whether subject to high speed or not, ob- 
viously have an influence upon the darability of a rail, and 
attention has been given to these points in estimating the 
value of a rail. It will be noticed in the Tables which 
follow that the principle of measuring the value of a rail 
by the tonnage which has passed over it not been 
strictly followed. The rails have been divided in the 
Tables into two classes on this principle, viz.: Those 
which crushed or broke in service and those which did not 
crush or break in service. The former are regarded as 


bad rails, and the latter as good rails. This principle of 
division brings among the rails four whose tonnage is 
¥ | higher than the lowest to e of any rail among the good 


ones. But in view of the liability to accident which a 
broken or crushed rail may occasion, I think no one will 
claim that a rail which has broken or crushed in service 
should be classed among good rails, even though its tonnage 
may entitle it to be so rated. 

inally, as a means of determining whether good rails 
differed on bad rails in physical poe, T rg such as tensile 
strength, ductility, &c., and if it was found that they did 
so differ, as a means of enabling us to specify what physical 
tests the steel for our rails ought to stand, careful physical 
tests have been made of every —- of steel me me except 
two, the samples sent for analysis of these two being so 
small as to prevent physical tests being made. The physical 
tests were made on Professor Thurston’s torsional testing 
machine, as‘being the best means of determining the largest 





143 
number of physical qualities ata single test. A copy of the 
diagrams obtained in making these tests accompanies this 
Whe’ history of cack wines of sail together 
e ry of each piece i with 
an outline sketch of the piece (one-thi size) asit oa 
when removed from the track, the tonnage, chemical 


analysis, and results of physical tests are given in order 
below. Following these is a tabulated statement off these 
results, and the conclusions drawn from them. 


32 
No. 32.—Broken near Edgar Thomson Steel Works, first 











time train passed over it. Tonnage, 0,000,000 tons. 
Chemical Analysis. Physical Tests. 
Carbon... ass 0.359 | Angle of ion... 111° 
Phosphorus ; -156 | Moment of torsion 333 
Manganese ove -505 | Tensile strength at 
Silicon... abhi -035| rupture ... «=: 78,258 
—— | Tensile strength at 
Total hardeners 1.055| elasticlimit ... 30,550 
» inP. units 39.4 | Per cent. of elon- 
gation ... + 16,898 
Proportional ulti- 
' mate resilience... 29.80 
&3 





No. 83.—In service from June, 1875, to September, 1876; 

sixteen months. Wasin south track on 9 deg. curve, 

ust east of Columbia Tunnel. Broke in service. 
onnage, 10,027,131 tons. 





Chemical Analysis. Physical Tests. 
rbon ... ees 0.323 | Angle of torsion... 
Phosphorus ove -135 | Moment of torsion 340 
Manganese -522 | Tensile strength at 
Silicon ... .035 | rupture ... .. 79,900 
—— | Tensile strength at 
Total hardeners 1.015 | elasticlimit ... 33,135 
» inP.units 36.4 Per cent. of elon- 
gation ... . 15.509 
Proportional ulti- 
mate resilience... 28.60 





fe 
~ 


262 


No. 262.—In service from October, 1868, to November, 

jy ws ; eight 7 aa. Pein 4 rr 7 ng track on 
eg. curve, just westo ley Creek Bridge. T 

44,636,201 tg . wnt <inena 








Chemical Analysis. Physical Tests, 
Carbon ... sat 0.337 ee 
Phosphorus 056 
Manganese ove 374 No physical tests were 
Silicon... 056 ae —~ Fy ~ aoe 

—— | of piece of ra . 
Total hardeners -823 sy = 
» inP. units 27.1 
—— 









No. 277.—In service from September, 1872, to December, 


, 
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1876; four years, three months. Was in south track on 
nt, about midway between South Elizabeth and 
Linden. Broke inservice. Tonnage, 16,600,728 tons. 


Chemical Analysis. Physical Tests. 

MM -t00 ete 0.573 | Angle of ion... 101 
Phosphorus -075 | Moment of torsion 433 
Manganese be .853 | Tensile strength at 
Silicon... bee .182 | rupture ... «- 101,755 

—— } Tensile strength at 
Total hardeners .683 | elastic limit 43,005 
» inP.units 52.9 Per cent. of elon- 
gation ... «+ 14,169 
Proportional ulti- 
mate resilience... 36.81 





282 





No. 282.—In service from 
one year, five months. a r 
Run Station, on N.C.R.W. Broke in service. 
tangent. Tonnage, 4,535,318 tons. 


Chemical Analysis. Physical Tests. 
° 0 


August, 1875, to January, 1877; 
Was in single track near a 
D 








Carbon ... ‘ 
Phosphorus 132 F 
Manganese 552 No physical tests were 
Silicon .050 | made, because of smallness 
of piece of rail sent. 
Total hardeners 1.088 
» inP.units 38.5 
C 347 





No. 347.—Broke after five days’ service on New York 
Division. Tonnage, 0,000,000 tons. 

Chemical Analysis. | Physical Tests. 
Carbon ; 0.387 | Angle of torsion ... a 
Phosphorus .056 | Moment of torsion 
Manganese -670 | Tensile strength at 
Silicon .035 | rupture ... ae 
—— | Tensile strength at 

Total hardeners 1.148 | elastic limit 

in P. units 36.6 | Per cent. of elon- 
gation ... ‘ue 
Proportional ulti- 
| mate resilience ... 


71,910 

30,550 
6.467 

16.65 


” 


ro 37) 

No. 371.—In service from July, 
eight months. Was in sin ie track, on Tyrone and 
Clearfield Division, south of Mount Pleasant. On curve 
16 deg. Tonnage, 2,741,056 tons. 


Chemical Analysis. 
bo » 0.886 





1876, to March, 1877; 


Physical Tests, 





Dae : Angle of torsion ... 85° 
Phosphorus eee -127 | Moment of torsion 342 
Manganese -380 | Tensile strength at 
Silicon... 053 | rupture ... -- 80,370 

—— | Tensile strength at 
Total hardeners -946 | elastic limit 47,000 
» inP, units 35.8 Per cent. of elon- 
gation ... -- 10.228 
Proportional ulti- 
mate resilience... 24.68 





/ 


372 





No. 372.—In service from July, 1876, to March, 1877; 
eight months. Was in single track on 17 deg. curve, 
Tyrone and Clearfield Division, south of Mount | Marte 
Tonnage, 2,741,056 tons. 





Chemical Analysis. Physical Tests. 
Carbon... eee 0.416 | Angle of torsion ... 
Phosphorus -155 | Moment of torsion 346 
Manganese -460 | Tensile strength at 
Silicon .034/ rupture ... .. 81,310 

—— | Tensile strength at 
Total hardeners 1.065} elastic limit ... 30,550 
» in P.units 40.3 | Per cent. of elon- 
gation ... -. 14.433 
Proportional ulti- 
mate resilience... 29.26 























No. 373.—In service from July, 1876, to March, 1877; 
eight months. Was in single track on ery curve, 
Tyrone and Clearfield Division, south of Mount Pleasant. 
Tonnage, 2,741,056 tons. 

Chemical Analysis. Physical Tests. 
Carbon . sas 0.300 | Angle of torsion ... 102 
Phosphorus -138 —— i teat 281 
Manganese .412 | Tensile strength a 
Silicon .024 | rupture ... «- 66,035 

—— | Tensile strength at 
Total hardeners 874 | elasticlimit ... 25,850 
» inP.units 33.2 Per cent. of elon- 
gation ... . 14.433 
Proportional ulti- 
mate resilience... 23.06 
388 





No. 388.—In service from March, 1867, to March, 1877 ; 
ten years. Was in north track on a tangent near Ard- 


more Station. Tonnage, 37,005,142 tons. 

Chemical Analysis. Physical Tests. 
Carbon ... ose 0.303 | Angle of torsion... 2 
Phosphorus -166 | Moment of torsion 322 
Manganese -316 | Tensile strength at 
Silicon .032 | rupture ... «» 75,670 

—— | Tensile strength at 
Total hardeners 817 | elasticlimit ... 31,725 
» inP.units 34.6 Per cent. of elon- 
gation... ee 19.514 
Proportional ulti- 
mate resilience ... 31.21 





389 








No. 389.—In service from March, 1872, to April, 1877; 


five years one month. Was on south track on a curve 
one mile west of Huntingdon. Tonnage, 34,333,639 tons. 





Chemical Analysis. Physical Tests. 
Carbon ... eee 0.343 | Angle of torsion... 121° 
Phosphorus -127 | Moment of torsion 320 
Manganese -670 | Tensile strength at 
Silicon ... -036| rupture ... --- 75,200 

Tensile strength at 
Total hardeners 1.176| elasticlimit ... 30,550 
» inP. units 39.3 | Percent. of elon- 
gation ... «- 19.813 
Proportional ulti- 
mate resilience... 31.02 








390 


No. 390.—In service from March, 1867, to March, 1877 : 
nine years. Was in south track on 2 deg. curve, on 











eastern slope of mountain. Pittsburg Division. Ton- 
nage, 47,332,411 tons. 

Chemical Analysis. Physical Tests. 
Carbon ... oe 0.291 | Angle of torsion... 
Phosphorus -057 | Moment of torsion 302 
Manganese -354 | Tensile strength at 
Silicon . .068 | rupture ... -» 70,970 

—— | Tensile strength at 
Total hardeners -770 | elastic limit ... 82,900 
» inP. units 25.9 | Per cent. of elon- 
gation .«. .. 21.337 
Proportional ulti- 
mate resilience ... 31.95 
oe 
\ 
4 
33) 





No. 391.—In service from June, 1871, to April, 1877; five 
years, ten months. Was in south track on 4} deg. 
curve, 1700 ft. west of M.P., 84 ft. from Pittsburgh. 
Tonnage, 30,873,173 tons. 





Chemical Analysis. Physical Tests. 
Carbon ... ee 0.294 | Angle of torsion... 117° 
Phosphorus} -181 | Moment of torsion 333 
Manganese -354 | Tensile strength at 
Silicon .020 | rupture ... we 78, BOD 

Tensile strength at 
Total hardeners -849 | elasticlimit ... 33,605 

» inP. units 36.0 Per cent. of zlon- 

; gation ... «. 18.626 
Proportional ulti- 
mate resilience... 32.42 








392 


No. 392.—In service from April, 1871, to April, 1877 ; six 
years. Was in south track on 4 deg. curve, 800 ft. east 
of M. P., 106 from Pittsburgh. Tonnage, 32,957,247 tons. 





Chemical Analysis. Physical Tests. 
Carbon... me 0.231 | Angle of torsion... 151° 
Phosphorus .087 | Moment of torsion 294 
Manganese oon -364 | Tensile strength at 
Silicon eee -047| rupture ... .. 69,090 

—— | Tensile strength at 
Total hardeners -729| elasticlimit ... 30,550 
» inP.units 26.0 | Per cent. of elon- 
gation ... .. 29.548 
Proportional ulti- 
mate resilience... 37.24 





(To be continued.) 
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ON THE ECONOMY OF RAILWAY 
WORKING.* 
By Mr. R. Prick Wii11AMs, of London. 
(Continued from page 125.) 
Summary of Receipts and Expenses on Railways 
North of the Thames. 

From a reference to the following summary of the tabular 
statement No. 1-in the Appendix, it will be seen that the 
total traffic receipts in 1877 on 10,698 miles of railway 
north of the Thames, representing about 72 per cent.T 





being 2s. 8d. per ton in the case of merchandise, and 
4s. 6d. ton in the case of minerals. The goods and 
min expenses per ton per mile (to which further allu- 
sion will presently be made) cannot be directly determined ; 
but the s receipts from the goods and mineral traffic 
combined amount to 3s. 7d. per ton, while the combined 
expenses only amount to 1s. 104d. per ton, leaving roundly 
1s. 9d. per ton, or nearly 50 per cent. of the entire re- 
ceipts from both these great sources of railway traffic, as 
clear profit. 

The total earnings, expenses, and net receipts per ton of 





and Receipts. —From a reference to Table 2 in the 
Appendix it will be seen that though the tonnage of the 
goods and merchandise carried by the twelve railway com- 
panies north of the Thames (116,210,972 tons) is more than 
double the tonnage of the minerals (51,745,813 tons), yet 
the gross receipts derived from the goods (15,706,7631.) are 
scarcely 50 per cent. more than from the mineral traffic 
(11 762 3001.) ; the average gross receipts from both goods 
and merchandise being only 2s. 8id. per ton as com 
with 4s. 63d. per ton in the case of the mineral traffic (see 
summary). 


SUMMARY OF TABLE No. 1 IN THE APPENDIX. 


Receipts and Expenses on Railways North of the Thames. 
























































MILEAGE, Tora Raiway Trarric. | Torat Passenarr Trarric. | TOT” ba ree MINERAL 
RaILway. | 

? : Expenses eng ory voy 

Hailey. — Receipts. | Expenses. at ga Receipts. | Expenses. | P® of * | Receipts. | Expenses. | P° of , 

Receipts. Receipts. Receipts. 

£ £ per cent. £ £ per cent. £ per cent. 
London and North-Western ... 1,5812 2,805% | 9,197,683 | 5,090,275 | 55.84 | 3,729,709) 2,214,454, 59.388 | 5,467,974) 2,875,821 | 52.59 
Great Western... ee is 0825 83,9904 | 6,924,192 | 3,677,552 | 58.11 | 3,166,572) 1,644,486, 51.93 | 3,757,620) 2,083,116) 54.11 
Midland ... ea 1,2743 2,325 6,231,931 | 3,355,927 | 53.85 | 2,013,896 1,146,710; 56.94 | 4,218,035] 2,209,217) 52.38 
Great Northern 615 090% | 2,955,746 | 1,675,425 | 56.68 | 1,252,226) 772,015| 61.65 1,703,520} 903,410) 53.03 
Great Eastern ... 862 1,318 2,601,591 | 1,414,898 54.39 1,340,745 780,676 58.23 1,260,846 634,222 50.30 
North-Eastern ... ae a as 1,419} 2,358} | 6,353,817 | 3,449,556} 54.29 | 1,721,672| 1,062,670| 61.72 | 4,632,145] 2,886,886 51.53 
Manchester, Sheffield, and Lincolnshire 2614 5324 | 1,582,828 | 726,496| 47.41 444,797 | 248,851/ 55.95 | 1,087,526| 477,645| 43.92 
Lancashire and Yorkshire... be 4504 380 8,578,744 | 1,945,426 | 54.36 | 1,484,484) 856,592| 59.72 2,144,310 “ 50.78 
North Staffordshire ... nev 191 340 i 296,345 | 54.85 171, 126,204| 73.77 369,247| 170,141! 57.42 
Glasgow and South-Western... 3174 5333 | 1,026,858| 572, 55.78 899,893 | 232,110, 58.04 626,465 444} 54.84 
Caledonian ee a, ae 7584 1,207 | 2,770,697 | 1,878,108 | 49.74 916,094 | 460,088) 50.22 | 1,854,603; 918,070] 49.50 
North British ... 884} 1,268 2,190,211 | 1,168,201} 53.34 ,687 | 463,980; 54.28 | 1,885,524] 704,271] 52.74 
10,6984 | 17,7503 |45,903,625 |24,750,763 | 58.92 (17,445,810 [20,008,608 | 57.87 |28,457,815 |14,742,077 | 51.80 

| 
Percentage of Receipts... . (100) (38.01) (61.99) 
Ditto Expenses (100) ove (40.44) . si (59.56) 
jest 








of the entire railway mileage in Great Britain, was 
45,903,6251., of which 17,445,8101. or 38 per cent. consisted 
of passenger traffic receipts and 28,457,815/., or 62 per 
cent. was derived from goods and minerals. 

The total expenses incurred in earning these railway 
traffic receipts were 24,750,7631. or 53.92 per cent. of those 
receipts. The passenger traffic expenses (10,008,6861.) con- 
stitute only about 40 per cent. of these expenses ; the pro- 
portion, however, which the passenger expenses bear to the 

assenger receipts is as much as 57.37 per cent.{On the other 
d the goods and mineral expenses, which constitute 
nearly two-thirds of the entire working expenses (59.56 per 
cent.), only amount to a little over 50 per cent. of the goods 
and mineral receipts. 

The total traffic expenses appear to be highest in the 
ease of the Great Northern (58.68 per cent.) and lowest on 
the Manchester and Sheffield (47.71 per cent.), and Cale- 
donian (49.74 per cent.). It is also noticeable that the 
North Staffordshire passenger traffic expenses amount to as 
much as 73.77 per cent. of the passenger receipts, while 
those of the Caledonian amount to only 50.22 per cent. 

The goods and mineral traffic expenses show, as might 
be expected from the different circumstances of the traffic, 
considerable variations ; those on the North Staffordshire 
being the highest (54.24 per cent.), while those of the Man- 
chester, Sheffield, and Lincolnshire, as in the case of their 
total traffic expenses, are the lowest (43.92 per cent.). 

The following summary{ shows the total tonnage, the 





SumMMARY OF TONNAGE, RECEIPTS, AND EXPENDITURE FOR 1877. 


the combined goods and mineral traffic having thus been 
determined, it only remains to ascertain what the earnings 
end what the expenses are per ton per mile. 

In order to explain the method by which the expense per 
pe) ng mile has been arrived at,in the case of the coal 
traffic of the twelve railways north of the Thames, it will 
be best to refer by way of illustration to tabular state- 
ments Nos. 9 and 10 in the Anas. These give the de- 
tails of the Great Northern Railway ic receipts and 
expenses for the year 1877. It may be as well to state 
here that the average mil rate charged by the prin- 
cipal railway companies for the carriage of the great bulk 
of their London coal traffic, is about $d. per ton per mile, 
and that the net load carried by a coal train may roundly 
be taken at 300 tons. 

On reference to Table 9, it will be seen that the 
average cost per train mile on the Great Northern, in the 
case of the oo and mineral traffic, is 2s. 113d., but in- 
asmuch as the coal wagons have to be hauled back again 
empty to the collieries, it is nec in dealing with the 
cost of haulage of coal traffic to double the cost per train 
mile. Dividing, therefore, twice the average cost per /ull 
train mile, or 5s. 11d., by the 300 tons average net train 
load we have 0.2385d., or somewhat less than a farthing, 
as the cost per ton per mile, so that even at this low rate 
of a halfpenny per ton per mile, the cost of ing a ton 
of coal only amounts, it will be seen, to about 473 per cent. 
of the gross receipts which the Great Northern Railway 

















Miles of Gross Ditto per} Working |Dittoper Net Ditto per 
Traffic, Railway. Tonnage. Receipts. Ton. Expenses. Ton. Receipts. Ton. 
£ 2] 2 a. d. £ s. d. 
Merchandise ... 116,210,972 | 15,706,763 |6 0.85 
Minerals 51,745,813 | 11,762,300 | 2 0.29} 14,742,077 13,715,738 
Live stock ia 988,752 
10,6984 167,956,785 | 28,457,815 |3 4.66] 14,742,077 | 1 9.06] 13,715,738 |1 7.60 
































total gross receipts, working expenses, gross and net re- 
ceipts per ton of merchandise and mineral traffic on the 
twelve principal railways in the kingdom in the year 1877. 

Although the means are not afforded in the railway 
companies’ accounts for directly determining the cost of 
carrying a ton of merchandise and a ton of coals, it is 
evident from the foregoing figures that, so far from either 
the goods or mineral traffic being carried at a dead loss, as 
has been attempted to be shown by the author of the paper 
**On the Cost of Working different Descriptions of Railway 
Traffic,”’ recently read at this Institution, these branches 
of railway c constitute by far the most lucrative 
portion of the railway companies’ business. The average 
gross receipts per ton (irrespective of the distance carried) 


* Paper read before the Institution of Mechanical Engi- 





neers. 

+ Total mileage of railway in Great Britain in 1877 : 
England and Wales ... oss ie 12,098 
Scotland ove “as 2,776 

14,874 





t See detailed statement No. 2 in Appendix 





Comneew derives from this large and important branch of 
eir c. 

It should further be borne in mind that, notwithstanding 
the fact that on the Great Northern, and on all the other 
railways dealt with in this paper, the goods and mineral 
traffic has been debited with nearly two-thirds of the en- 
tire railway working mses, still the proportion of net 
receipts derived from their goods and mineral traffic is 
very much larger than in the case of the passenger traflic ; 
the average net receipts from goods and mineral traffic on 
the twelve — being 48.20 per cent. of the gross 
receipts, while in the case of the passenger traffic the net 
receipts only amount on an average to 42.63 per cent. 

It should be mentioned that with a view still further to 
reduce the coal traffic working expenses, some of the rail- 
way companies largely engaged in the London coal traffic 
have lately had it in contemplation to increase their net 
- load to hot ly devront' ying a more a Bese 
of engines 5s) ly ‘or purpose. e effect 
of tae iaeotane in the net load hauled would be (as may 
oa x any 0 to a br per statement No. ag 

ace the one- of a penny ton mile. 

Goods oud Mineral Trafic—Oompartoon of eunage 





Although in the general average the disproportion 
between the goods and mineral tonnage is very great, there 
are several remarkable exceptions. For instance, the 
proportions are found to be directly reversed in the case of 
the Great Eastern Railway, where the tonnage of the 
minerals (2,881,344 tons) is more than half as much again 
as the goods and merchandise { povein'y tons), while the 
gvods receipts per ton (7s. 6.72d.) amount to just double the 
average, and the mineral receipts are considerably below it 
(3s. 0.14d. per ton). 

In the case of the Midland and the Manchester, Sheffield 
and Lincolnshire Railways the a of the goods an 
mineral tonnages are about , the goods receipts per 
ton in both cases being considerably above the average, 
while the mineral receipts, more especially in the case of 
oe aoe chester, Sheffield, and Lincolnshire, are as much 

elow it. 


Goods and Merchandise Sestiots and Expenses per Train 
vle, 


It is impossible, as has already been stated, to obtain 
the and mineral train mileage separately ; but the 
receipts and expenses per train mile of the s and mer- 
chandise traffic on the twelve railways, based on the com- 
bined mileage of and mineral traffic, are 6s. 8d. and 
3s. 3d. respectively,* the net receipts per train mile bei 
3s. 04d. or 48.2 per cent. of the entire goods and min 
traffic receipts. 

Table 25 gives the gross receipts, working expenses, 
and net receipts per train mile of the passenger, eovha and 
mineral traffic, and also of the traflic of the twelve 
railways north of the Thames for the year 1877. 

To sum up the question of the cost of working the goods 
and mineral traffic, it is clear that the mineral traffic is, 
notwithstanding the low rates at present reay tr for its 
carriage, by far the most profitable part of the business of 
the railway companies ; and further, that the proportion of 
net receipts or profits obtained from the goods and mineral 
traffic combined largely exceeds, as has already been shown, 
that which is derived from the passenger traffic. 


Extra Cost of Haulage on Ascending Gradients. 


There is yet one other important item in the economy of 
railway working which remains to be noticed, and that is, 
the extra cost due to the haulage of traffic on ascendi 
gradients, or gradients ‘‘ against the load,’’ as they are 
termed, an item which, in opinion of the writer, has 
not been sufficiently taken. into account, more especially 
= - oes with the working of heavy goods and mineral 

raffic. 

The case of three principal railways having their termini 
in London, may be taken by way of illustration ; their 
names for obvious reasons will not be mentioned. The 
distance from a common point to London in the case of 
Railway A is co | miles, of Railway B 1803 miles, and of 
ie somupesb oratioats inst the loads in th of 

e 8 against the is in the case 
railwa 4 two _— ——. of 1 in = and ot 
each abou’ miles long. principal gradient, 4 
ever, against the load on this line is 1 in 200, the mileage 


which on different parts of the line amounts to 
24 miles 15 chains ; the total mileage of ascending ients, 
from 1 in 240 up tol in 440, amounts to 21 miles 


10 chains, and the remainder of the total 654 miles of 
* See Table No, 2 in the Appendix. 
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gradients inst the load is made up of easy gradients, 
which vary — 1 in 550 to 1 in 3195 

The mi of level line and of the gradients with and 
against the load on the respective routes is as follows : 




















— Railway A.| Railway B | Railway C. 
m. ch. m. ch. m.'ch. 
Mileage of level line ...| 35.14 43.28 77.38 
Mileage of gradients 
inst load ... ...| 65.02 74.04 58.48 
Mi of gradients 
with eee | 59.53 63.20 42.61 
159.69 189.52 178.67 
Distance from railways 
A. and C. to common 
int of junction with 
B. ove ose ose 1.59 1.59 
161.48 180.52 180.46 
—_ haulage poe 
*’ due to gradien’ 
pA theloads ...| 63.4 48.77 47.40 
See Table No. 25). | (39 p. ct.) | (27 p. ct ) |(26.3p. ct.) 
nivalent mi of 
a ee —- ee] 224.52 229.49 228.06 














The length of the route to London by Railway B is con- 
siderably longer ; its 74 miles of gradients against the load 
eonsist of (1) about 20 miles of rather steep ients vary- 
ing from 1 in 135 to 1 in 200, (2) about 9} miles of gradients 
varying from 1 in 200 to 1 in 400, (3) about 44} miles of 
eas, geetionte verring from 1 in BOO te 2S ; 

The length of the route to London by Railway C is 
almost exactly the same as that by Railway B, but differs 
from both the former railways in woe J considerably 
longer len of level line, fewer gradients of 1 in 200 
than in the case of Railway A, and fewer and better 
gradients than Railway B. 

In explanation of the mode of arriving at the ‘‘ extra 
haulage ae represented by the various gradients 
against the attention should first be called to the 
well recognised fact that the constant train resistance, due 
to the friction of the wheels, axles, and other moving parts 
of the engine and vehicles, is about 8 Ib. per ton or g}pth 
part of the load, when the train is travelling at a 
merely nominal speed on the level. 

It is equally well known that the train resistance due to 
gravity alone varies as the sine of the angle of inclination 
of the gradient, so that on a gradient of 1 in 280 the 
resistance per ton of train would be just s}5th , or 8 Ib. 

It follows, therefore, that on such a ient the re- 
sistance due to gravity amounts to exactly the same as the 
constant train resistance at a nominal speed on the level ; 
so that on a ient of 1 in 280 an engine would only be 
able to haul the load (including its own weight) which 
it is capable of hauling on the level, or in other words the 
same engine would be able to haul on the level twice the 
load, <7 its own weight, that it could do on a gradient 
of li 


in 280. 
The practical effect of this in railway working would be 
that an engine capable of hauling a given maximum load 
en the level, would, on a gradient of 1 in 280, have to make 
two separate trips for the same load, consequently doubling 
the train mileage on that particular gradient. 

Following out this principle, the writer has calculated 
the “‘ extra haulage mileage on the level’ represented by 
the various gradients against the load on these three rail- 
ways, and he finds the results to be as shown in the above 
Table, viz., that in the case of railway A the ‘‘ extra haul- 
age mileage’ amounts to 63 miles 4 chains, or to just 39 
per cent. of the total actual length of the line; that in the 
ease of railways B and C the “‘extra haulage mileage” 
amounts to 27 per cent. and 26.3 per cent. respectively ; 
and further that the total mileages of the three routes re- 
duced by the foregoing method to terms of level line are 
2245 lien. 229} miles, and 228 miles respectively. It will 
not fail to be o ed that notwithstanding that railway 
A in its actual length is 19 miles shorter than the other 
two routes, the distance in terms of ‘‘ haulage mileage on 
the level’’ is only five miles in favour of that railway. 

Table No. 25 gives in detail the particulars of the various 

ients, and the ‘‘extra haulage mileage’’ represented 

ef the gradients against the loac, as worked out in the case 

railway A; the “‘ extra haulage mileage”’ of the ascend- 

ing gradients on the other railway routes being worked 
eat in a precisely similar way. 

It only remains for the writer to express his obligations 
to the general managers, ineers, and locomotive super- 
intendents of the various railways who have so kindly and 
readily furnished him with information on various points 
dealt with in the paper, and illustrated by the accompany- 


ing Tables and , 
~~ (To be continued.) 





THE FRICTIONAL RESISTANCES OF 
ROLLING MILLS. 
To ras Epiror or ENGINEERING. 
Sre,—In 1875 and 1876 I examined into the efficiency of 
three heavy rolling trains at the Borsig iron works, 
Silesia, belonging to the well-known locomotive building 


firm of Mr. A. , at Berlin. The results of these 
trials I lately compiled fora German paper, and presum: 
that some English engi would ‘ike to read them I send, 
them also for publication in ENGINEERING, to which I am 
indebted for much information about English and 


19} in. in diameter, moved by an engine with a cylinder 
37% in. in diameter, and 43}in. stroke. The engine had a 
flywheel of 20 tons, and ran at a speed of 60 to 100 revolu- 
tions per minute. The engine was new when I tried it, and 
the train had been lately repaired and laid down again 
true. 

2. A heavy plate mill, consisting of one 
28% in. in diameter and 8 ft. 2j in. length, 
versing engine with two cylinders, each 41 
and 62in. stroke. The engine was of the horizontal 
geared type, and the gear was so arranged as to reduce the 
speed of the engine to two-thirds, the rolls making 30 re- 
volutions wren the engine made 45 revolutions per minute. 
This engine (as I was informed) was one of the first revers- 
ing engines put down for driving a rolling mill on the 
Continent, and had worked most satisfactorily throughout 
eight years almost constantly day and night without any 
breakdown. The mill produced chiefly boiler plates and 
locomotive frame plates of iron or steel. The engine, as 
well as the mill, was designed and built at Mr. Borsig’s 
works at Berlin. 

3. A heavy beam iron train, consisting either of a uni- 
versal mill (having one pair of horizontal rolls 21} in. 
in diameter and a pair of vertical rolls), and three pairs of 
grooved rolls, or of four pairs of grooved rolls for the manu- 
facture of beam iron. This train was driven by a reversing 
engine of the same dimensions as No. 2, but the spur gear 
was so arranged as to increase the speed of the rolls to be 
one and a times the speed of the crankshaft. Thus 
the engine made 20 revolutions only when the train made 
30 per minute. This engine had very different work to do ; 
sometimes it worked only the universal mill alone, pro- 
ducing heavy flat bars for bri or collieries, sometimes 
it worked the universal mill unloaded, but behind it three 
pairs of rolls grooved for different shapes of merchant iron, 
and sometimes the universal mill was removed, and the 
engine ran with four pairs of beam iron rolls. 

pressure of the steam driving the engines varied 
between 35lb. and 65]b. per square inch. The power 
developed in the engines I calculated from a great number 
of diagrams taken with a Richards indicator. The area 
enclosed by the indicator line, and representing the indi- 
cated work during a stroke, I mensueed by a planimeter. 

There is nothing interesting in the di ms themselves, 
therefore Ido not annex any. When I took diagrams, 
great care was always taken to insure that the s of the 
engine was constant. I may mention that in the case of 
the two reversing engines I indicated only one cylinder, 
and assumed that the other was doing the same work as 
the first. The load of the engines is given merely approxi- 
mately, because it was impossible for me to have the accu- 
rate weights of every running mass. 

The amount of mechanical work that was necessary for 
driving the engines without their trains, I only obtained 
for one engine, therefore we are obliged to estimate it. 
For this purpose I shall apply the formula of Vélkers, that 
is often used in Germany. This formula is as follows : 
0.04G t> 2.37 

a? d. 

In this formula the letters have the following values : 
r=pressure of steam in atmospheres requi on piston in 
order to move the unloaded engine; d=diameter of 
cylinder in centimetres; G=weight of flywheel in kilo- 
grammes. I shall suppose, according to Pambour, engines 
to use besides the power required to drive it when unloaded, 
one-fourteenth of the work that is done in the rolling 
train. Further, I may state here the meaning of a few 
letters that I shall make use of in this inquiry, viz. : 

P=the average indicated pressure on piston (as I got it 

from the diagrams) in atmospheres. 

qz=the effective area of piston in square centimetres. 

i-the stroke of the piston in metres. 

L=the indicated work done by the engine when revoly- 
ing the train (expressed in kilogramme-metres per revolu- 
tion of the train). 

Lastly, I may add, that in the following calculations, the 
dimensions that are not mentioned before are expressed in 
millimetres=mm., and the weights in kilogrammes=kilog. 

I. The Bar Iron Train.—In this case the engine rotates 
with the coupling pinions, the crabs and the rolls a weight 
of about 29,000 kilog., that is, 29 tons. All this weight 
rans in journals 305 mm. in diameter. The diameter of 
the pitch circle is equal to the diameter of the rolls, that 
is, 497 mm. Thesizes of the engine are : 


_ of rolls of 
riven by a re- 
in. in diameter 





Diameter of cylinder ose d=946 mm. 
Effective area of piston seo =6970 sq. cm. 
Stroke... one in eco =1106 m. 
Weight of flywheel ... G=20,000 kg. 


Hence we have : 
0.04G 


= .....— 

a 
According to the diagrams, the average indicated pres- 
sure was P=0.34 atmospheres when revolving the before- 
said train and 1.1 atmospheres on the average when roll- 
ing bar iron 6 in. by 1 in. in the finishing grooves. The 
work consumed by the train running unloaded without the 


9 
+ a =0.114atmos. 


engine will th — be per revolution, 
paCneanet kilog.-metres 
= 3056 kilog.-metres. 
This work is consumed by the friction in different parts 
of the train and will be composed of : 


A. The friction in the journals of the rolls, in the crabs, 
and between the collars of the rolls. 

_B. The friction between the cogs of the coupling 
pinions. 

C. The friction in the journals of the pini i 
> ry ressure betwen ¢ the cogs. dotnet 

the present we have no method of estimati 

f: ricthon between the coupli nd Fn & 





mills. 
I tested the following trains : 
1. 


A bar iron train, consisting of four pairs of rolls 


pling spindles and the sl . and 
between the sleeves and the cats of the cas 9 their 








dimensions. Also it is difficult to rate the friction between 
the collars of a pair of rolls, because their diameter is not 
known. Therefore, I shall account the friction that is 
consumed in the rolls, the crabs, and the collars of the 
rolls as a friction resulting from the weight of the rolls in 
the journals, and the coefficient—#—of that friction will 
tell if the mill works more or less economically. 

The friction between the teeth of the pinions we assume 
to be 0.06 of the work going through them. The pressure 
on the journals of the pinions is both radial and tangential ; 
but we may regard only the latter that is eq to the 
pressure working at the teeth of the pinions. Now, let us 
imagine three pressures, P,, Po. Ps, Working in the pitch 
line of the pinions and neing the forces A, B, and C, 


then we have : 
A=p, x 0.497 r 


B=p, x 0.497 ¢ 
C=p,; x 0.497 
A+B+C=L. 


305 
,=29,000 x —— x 
2 ai’ 
Ps 


z Ps=(y1 +p,) 0.03. 
By resolving these equations we get : 


— P, 305 
a 


30 35 
Pit Pg + 5=1.03 x 29,000 x 305 x x +m x 7 ' 
305 30 
L=0.497 x m. 1.03 29,000 x 395. w1 jo 
Sx u( + Mx >) 


and 
&=0.10. 

II. The Plate Train.—Because I took no diagrams of 
the engine when revolving without the train, I shall caleu- 
late the average steam pressure necessary for moving the 
engine without the second shaft and get r=0.060 atmo- 
spheres for each cylinder. The average indicated steam 
pressure necessary for driving the unloaded train was, ac- 
cording to a any many indicator cards, 0.31 atmospheres, 
and when rolling broad boiler plates in the last passes it 
became raised to two atmospheres. The work consumed 
by the unloaded mill with the second shaft, but without 
the engine, is, with respect to the dimensions of the engine, 


as follows : 
Diameter of cylinder “ ... d=1.046 mm. 
Effective area of cylinders 2 16,920 sq. cm. 
Stroke ene mm eco 1.57 m. 


per revolution : 
r—(P—7) x2 qx2l 





1.14 
. L=11,650 kilog.-metres. 

This engine rotates : 

A. The second shaft, weighing with the elastic clutch and 
the breaking shaft about 32,00 kilog. revolving in journals 
of 420 mm. diameter. 

B. Two rolls with half the weight of the coupling spindles 
and the coupling sleeves about 22,000 kilog., revolving in 
journals of 470 mm. in diameter. 

C. The coupling _— with half the weight of the 
coupling spindles and the coupling sleeves about 8000 kilog. 
revolying in journals of 420 mm. in diameter. 

The pitch circle of the pinions has a diameter of 730 mm. 
For the second shaft, that is hardly influenced by the 
irregular rotation of the rolls, we presume the coefficient of 
— to be 0.07 (with regard to a result we shall gain 
ater). 

Let us now imagine again the pressures p,, 2, P43, P4>P5> 
and p, working in the pitch line of the ds hag to 
balance each a part of the frictional resistances, namely : 
p, the pressure corresponding to the friction in the journals 
of the rolls; p, the pressure corresponding to the friction 
in the journals of the pinions, as far as it results from their 
weight ; p, the pressure corresponding to the friction in 
the journals of the pinions, as far as it results from the 
pressure between the teeth of the pinions ; p, the pressure 
corresponding to the friction consumed between the faces 
of the teeth of the pinions ; p, the pressure corresponding 
to the friction in the journals of the second shaft; p, the 
eee corresponding to the frictionthat is consumed 

tween the teeth of the crankshaft wheel, and of the 
The friction we estimated 

power owing to the high 


wheel on the second shaft. 
here at 0.03 of the transmit 
number of teeth.) 

Because the crankshaft and the second shaft are situated 
horizontally each beside the other, the pressure on the teeth 
in the pitch line does not increase materially the friction of 
the journals, for the increase of load to the journals of one 
shaft is accompanied by a decrease of the load on the 


journals of the other shaft. We thus have the following 
equations : 
r= 22,000 x 470 x # 
730 
? 8000 x 420 x p 
. 730 


420 
=(p,+ — 
Ps= (DP, +P) x 730°" 
Pa—PitP, +Ps) 0.03 
P5=82,000 x = xu 


8 
Po=(3P) x 0.08 


Pp 
L=2 x0.737 x Zp. 
By resolving these equations = receive : 
=O. 


4=0.27. 

III. The Beam Iron Train.—As before mentioned the 
engine is the same as in case No. II., but the speed of the 
— genes by the spur gear to two-third of the speed 
of the , 

A. The Engine without the Train.—I indicated the en- 
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ine without the train but including the gearing, and found | diameter ; if now a train arranged as it is shown in sketch 1. E rolling train shall be limited as much as 
frat the di showed an average indicated steam pres- | No. 2, it will use far more power than if it be as | sible in the quality of its work, that is, it shall have a cae @ 
sure of 0.125 atmospheres. The work necessary for driving shown in the sketch No. 1, although the differences in the | to do that requires both nearly the same speed of the 
the engine only with the crankshaft and the pinion on it is | diameter of the rolls have quite the same value. Itisa e and nearly the same amount of power. 
calculated, according to the formula of Vilkers, to be pity that I took no dimensions of the distance of the centre . The train shall have as few sets of rolls as possible. 

uivalent to an average steam pressure of 0.072 atmo-| lines in each pair of rolls when I indicated the engine in 3. ‘The dead weight of the valle with a purtenances shall 

heres in each cylinder. Therefore, 0.053 atmospheres | order to state the deviation of the aes — from | be as low as possible, and the journals of the rolls shall be 
8 pressure on pistons remain to move only the second | the parallel line, but I stated the train IIT. B to consist of | of the least possible diameter. (The weight of the flywheel 
shaft, weighing about 19,000 kilogs. Suppose the coeffi- | three sets of old rolls, except the universal rolls, and at | is excluded in this rule). 
cient of friction in the journals of the second shaft to be | III. C to consist of four sets of new rolls that had 4. The axles of the rolls shall be as true as possible. 


4, and taking notice that these journals have a diameter 
of —— we get the equation : 
(i4x108 x 16,920 X 2X 1.57=} X 19,000 x 0.386 m x 
&,=0.07. 


oe es aay made use in considering case 
No. II. 

B. The Engine with the Universal;Mill and Three Pairs 
of Bar Iron Rolls.—The total weight of the rolls with 

ces is 34,000 kilogs., all the rolls having jo 
mm. in diameter. The pitch-circie of the pinions had 
a diameter of 550mm., but the diameter of the last three 
pairs of rolls was only 500 mm. on the average, when the 
top roll of the universal mill was screwed in the middle 
ition. 

P We divide again the friction of the mill in its parts, and 
imagine pressures working in the pitch-line of the coupling 
pinions that balance each part of them, and we call: p, the 
pressure correspon: 
rolls and of the pinions that results from the weights of these 
parts ; Do the pressure corresponding to the friction in the 

arnals of the pinions, that results from the pressure be- 
om the teeth of the pinion ; p, the pressure correspond- 
ing to the friction in the faces of the teeth of the pinions. 
net now / be again the coefficient of friction in the 
journals of the mill increased by the friction in the coupl- 
ings, then we get the following equations : 


305 
=34,000 x —— x 
Pr 550 & 


Pa=P1 X Sexlt 
Ps=(Pi +P.) 0.03 
(pi +PetP;) 0.550 wr. 3=L. 
t= (—*) «2 qx2l 
1.14x1.08  * 
The diagrams show an ave steam pressure of P=0.60 
atmospheres, and r was as mentioned at A found to be equal 
to 0.125 atmospheres. 
L n= 0-475X 16,920 x2x 1.57. 


1.14X 1.03. 





4=0.36. 

C. The Engine with Four Pairs of Beam-Iron Rolls. 
—The total weight of the rolls with their appurtenances 
was about 40,000 kilogs., the diameter of the rolls being 
620 mm., whereas the diameter of the pitch-circle of the 
pinions was only 550mm. The rolls run on journals of 


305 mm. in diameter. 
Supposing the letters 7}, Po Pa» &c., to have the same 
meaning as in case B, we have the following equations : 


2p,= 40,000 x ex 


a 305 
Pa=P.* 550 os 
Ps—(p. +P.) x0: 
(or pa-Fp3) > 0.580 8 x§—T. 
La (B+) x2 qx2t 
1.14 1.03 


The average indicated steam pressure was stated to be 
P=—0.62 atmospheres, therefore 
(P—1r)=0.495, 


4@=0,32. 

Analysis of the Results.—The coefficient of friction in 
the journals of the rolls is the real measure of the economy 
that the train works with, if we assume the given weight 
of the train to be necessary for the manufacture of the re- 
quired shape of iron or steel. : ’ 

Firstly, we find the friction in the train I. driven by the 

heel engine to be 0.10, that is very low as compared with 
the other trains. But this result is not due to the flywheel, 
but to several favourable circumstances that took place 
when I indicated the engine, namely : The engine was quite 
new, the train had been fitted up carefully a short time 
before, the diameter of the four sets of rolls did not differ 
essentially, and the coupling spindles were very short and 
light, thus the train ran without noise and with little 
amount of steam. : . 

Next in economy is the plate mill that has the coefficient 
of 0.26. This seems rather high considering that the mill 
consists only of one pair of rolls; but I believe that I took 
the di s of the engine when the top roll was lifted, 
and in its highest position, then the distance of the rolls 
would be about 900 mm., whereas the diameter of the 
coupling pinions is only 730mm. If this presumption is 

ight, 0.26 is the highest coefficient of friction the mill 
work with ; it will be right when the slab makes its 
first pass through the rolls, and it will decrease at every 
following pass. This is a great advantage in the working 
of a plate-mill, that the friction is highest when the slab is 
thick and white-hot, and when its reduction does not con- 
sume much power, and that it is lowest when the plate 
makes its last passes through the rolls and requires the 
most power. . 

The beam iron train shows the highest friction, and this 
result, I think, is chiefly due to the differences in the dia- 

_ ot. rolling : per knows that it is impossible to 

very ro mill engineer knows it is impossi! 
keep all sets of rolls belonging to one train at the same 


and 


ding to the friction in the journals of the 1 





For this reason we find at III. C less 
B, although the diameter of the rolls 


I 


the same diameter. 
friction than at III. 


_ —— + 


ws 





and the diameter of the coupling pinions vary at III. C more 
than at III. B.* 
The power developed in the three trains running un- 


is: 
1. In the bar iron train when making 90 revolutions 
minute with 0.34 atmosphere, average steam pressure, Tos 
2. In the beam iron train when making 30 revolutions per 


indicated horse power. 
minute with 0.60 atmosphere average pressure, the indi- 
cated power is 142 horse. r 

he plate-mill consumes 165 indicated horse power 
when revolving 30 times per minute (the average pressure 
of steam being 0.31 atmosphere). 

The maximum a steam pressure, I stated, when 
the engines were at work, was in all engines 1.8 to 2 atmo- 
spheres. We remark the frictional coefficient in the diffe- 
rent trains to vary very much—from 0.10 to 0.36—the 
lower number only being stated under most favourable 
circumstances. If we, for instance, suppose, the bar iron 
train to work with a frictional coefficient of 0.25 instead of 
0.10, the steam pressure necessary for driving the mill 
only without the engine, would be 0.608 atmosphere, and 
the train would consume 220 instead of 105 horse power. 
Thus, we see how easily a hundred horse power is spent 
yy i Lp» Stee ‘elle 

seems stran; ow eager rolling mill engineers 
sometimes are to pve og economy in the engine while wast- 
ing mechanical work in the mill. Suppose asteam-wasting 
t we they are yet often applied to drive 
lige Barge by a more economi engine, we 
are perhaps able to gain in the average from to 35 
per cent. of steam by applying an engine with slidé-valve 
r working with a good rate of expansion, or 35 to 
per cent. with an engine with early cut-off, and a 
precise valve _ (as for instance liss gear). But if 
we su e old engine already to work with some 
m expansion, the greatest saving of steam will not 
exceed on the average, say, 15 per cent., although we ap- 
plied a good expansion gear, a steam jacket, and all refine- 
ments possible for a mill engine. (Of course the saving 
would be far if the original engine were of the slow 
speed type ; but I think this type to be so rare in a modern 
mill, that it is scarcely worth notice. 

One point that is against the highest economy in a 
rolling mill engine, is that most trains work with different 
speed on with more or less power, according to the size of 
iron 3 toll. Now every steam engine has a certain 
speed a certain development of motive power that is 
most favourable in respect to economy of fuel, wear and 
tear, and interest of the plant. If we increase or de- 
crease the mechanical work of the engine, either with regard 
to speed or power, to a certain amount the engine will still 
——— but if we ays o- from a a 
able point, the engine no longer be economical, for 
it will’ waste either fuel or interest. 

In a rolling mill there are already great differences in 
the power required when rolling the same —_ it bein 
not always of the same quality and more or hot, an 
the reduction in the different grooves not always requiri 
the same power; but if the train be to produce sizes 
iron or steel which differ much, the engine cannot work 
always economically, and the great task of the construct- 
ing engineer is to order the engine of such dimensions, 
that it may produce that work cheapest which is done 
chiefly in the mill. : 2H 

It is a rule, not yet appreciated enough in engineering, 
that every work that is constant can be done by an econo- 
mical motor, but if the work to be done varies, the motor 
cannot be thoroughly economical. : 

Now regarding the mechanical work consumed in the 
train, excluding the engine, we have found the frictional 
coefficient to vary between 0.10 and 0.36, and I think we 
peccetiennin Aa Aer if we presume it to be in most 
common mills about 0.25. f 

Supposing now that we are able to reduce the friction 
in the journals and couplings of such a train from 0.25 to 
0.10, we shall save more than 50 per cent. of motive power 
for the train, excluding the engine. (In the bar iron train 
at No. 1 mentioned, it would be about 60 per cent.) Here 
is the where rolling mill engineers can save far more 
than at the engine. The important points for the economy 
of rolling trains are: 





* It is a pity that I took no di of this engi 
when working a train of 21 in. in , but my dia- 
served then for a different , and by accident 


took no di 
proper dimensions. 


when the engine worked a train of its 


5. The engine shall be one of a high t d 
work with a variable cut-off. SR See eee 


 ) Wt 





Iv 





A great thing would be to have a special train with a 
special by consisting only of a few sets of rolls for each 
kind of ro iron or steel ; such trains would work with 
great economy and accuracy, and it would pay better for 
an iron works to have one or two of these short trains out 
of work for some time in the year, than revolving every day 
a large dead weight without any interest. In some works 
there are seven or more pairs of rolls, one behind the other, 
driven by one engine from one end of the train. In such a 
train usually more work is wasted in the bearings of the 
unloaded revolving rolls than in the useful work. ‘ 

A second point is the reduction of the dead weight in 
every roll and coupling. This could be effected by apply- 
ing steel rolls instead of iron ones, as has sometimes 
tried already for small rolls in some mills, but I think now 
we are not yet experienced me fnger the manufacture of 

b 





steel to use cast steel rolls on a scale. But a reduc- 
tion of weight could be also eff ry ing the rolls and 
the coupli indles hollow instead of solid. A core of 
one-third e diameter of the roll would by no means 
lessen the strength of the roll, use cast iron will 
endure a far higher strain at the surface than in the middle 


of the casting. 
T am yours truly, 
E. Frertaa. 
Heidelberg. 





Iron PERMANENT Way.—The administration of the 
Belgian State lines is about to make a trial of iron per- 
manent way on the Serres and Battig system. The ma- 
terials required for magma eons ——— of a mile npon 
this system have been oo | ected and the necessary works 

A DURABLE Spur WuHeExzt.—In the notice on 


will be shortly commenced. 

122 
of our last number there is a curious arithmetical bt " 
the velocity of the wheel at the pitch line being taken at 


ft. per minute instead of 1676ft. Substituting the 
ti teeth va Sod 





correct figure, we he pressure upon the 
of width as follows : 222000 x 84_ 165 61h. instead of 47.11b. 


10 x 1676 


on moeert, Kine’s ae ery ta 
riday, February 7, a was at above 
Soclaty by Me. A. Kisonen “ Bachoum.”” in aeeaan 
his paper,the author described the different methods w 
have been adopted in the construction of harbours, naming 
those which had been most successful, He next referred to 
breakwaters, after which he gave an account of the 
bee new harbour now in the course of erection, of 
which he gave a very interesting description. A discussion 
then followed, after which the meeting adjourned. 
SuBMERGED CaBLE TowaGE.-—On Saturday last a 
small cable-towing steamer was successfully launched from 
the yard of the Hamilton’s Windsor Iron Works, Limited, 
Moyer and Wernigh’s patent oable-towing system by Mr. 
eyer and We 8 patent ca wing sys y Mr. F. 
J. ar for thu Gorman Government, and is intended for 
towage upon canals in connexion with the U; Rhine. The 
steamer is 60 ft. long by 10 ft. beam and draws 2 ft. 8 in. 
water. ane Lette entirel ee 
is wor y “pressure engines 0 
nominal. She is constructed to tow trains of con- 
taining about 1000 tons of cargo at about six miles per hour. 


Sours Krnsineton Muszum ; Oty Lonpon—CrACE 


CoLLEecTiIon.—The collection of ma lans, and views of 








London and Westminster made by the late Mr. Frederick 
Crate, and lent to the South Kensin, Museum his 
son, Mr. J. G. Crace, is now on view from 10 to 4 daily in 


two of the upper rooms in the ries on the west side of 
the Horticultural Gardens. These rooms, which are lent 
to the museum by her Majesty’s Commissioners for the 
Exhibition of 1851, were for a time devoted to the Caxton 
Exhibition. They may be reached either by the entrance 
in Queen’s-gate, or by that in the Exhibition-road, im- 
m facing the main of the museum. Ad- 
mission is free on Monday, Liners and Saturday, on the 
three other week days on payment of ray ay Visitors 
to the South Kensington Museum may pass to these galleries 
without further payment. The plans and views selected 
from the collection for exhibition are 3085 in number. A 
complete catalogue, — from Mr. Crace’s larger 
work, has been issued by the Stationery Office at sixpence, 
and may be purchased in the museum. 
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METALS. Iron, WROUGHT — £ 
. £8 gee 
ANTIMONY ORE (per ton) sr Oo 1% © » ddled bars. 3 
Regulus (star) ........00++5« o & © 47° * Miler plates. 6 
Brass (per Ib.) — a. @&@ sw 4, rails ..... 5 
Sheets, 48 x 24 ° A o 68 5 
Yellow metal .......0.0. OO 6 ° 67 7 
Castinas TYNE AND CLEVELAND por) : 
(per ton) & «4 £ «6 ” - , 
GHEE .....c00000000 5s 0 5 5 Staffordshire =. : 
9 -- a8 ” ‘he 2 
die Soha = hoops........ 8 
Welsh rails S.W.......+0. 5 
10 55 15 BOER me ccomcncrce © 
s @& e » boiler plates, S.W. 9 
° 63 . whoops, S. We... 3 
°o 
10 67 © LEAD (per ton)— 
o f © Soft h ‘ 13 
&a @ ot ua 
: - 2 Sheet .. 16 
PuwOsPHOR BRONZE— 
6 65 0 (POT COM) ....cceceeeceeereeree LOS 
6 63 © QUICKSILYER (per bottle) 6 
. Soap (per ton) - 
e ys 36 . Old rails for re-manu- 
a as tdaaale 2b) 34 «0 LACEUTO 2. ccceerercereereeree @ 
” 4 (Forge) 32 6 33 © SPELTER (per ton) — 
Other \ —) eo 0° oo ° Silesian, ordinary ........ 16 
08)....04 ° 
beeeget ~~~ ped -Ee-ae - SrrmemLarsny (per ton)— 
+h ar ee aibacitssinen  § 
6 4t 6 STEEL (per ton)— 
6 4 © Best Cast........cccsersecerenes 34 
6 45 0° » double shear 45 
, arr single ,, 32 
o #4 © English spring 14 
6 43 «0 Blister ........... 00 
6 41 6 Milan .... set eeeeneesenesereenes 28 
GAGES iiriciccrrnccisnsirnscs @ © Ge 6 Bessemer rails ............... 5 
Govan, at Broomielaw... 42 6 4t 6 ” tyres 8 
Calder, at Port Dundas... 49 0 43 6 » &xles 9 
Glengarnock, at Ar- billets .. 6 
Grossan ......... conse 46 6 4 «C6 ” ingots .. — § 
Eglinton, ditto.... acs @ 6 -_—.- STEEL CASTINGS (per cwt.) — 
Dalmellington, ditto ...... 43° «4 (0 ee aieken 'b 
Carron, at Grangemouth 60 © 57 6 the rough not to ex- 
Ditto, specially selected 65 o - coed 6 ft. im length, 
Shotts, at a comsecnes $8 © 48 O erantectl....cucscsseoes 
ey ele Fe ne * Do. do. fimished.......c00-« 
(The above all csliverable alongside). Pinions and cog-whedks.... 23 
» €@€ & € Hammer tups, faces, 
Shro POcccccocmcecsssa CO © FW CO swages, 5 cwt. and 
N Staffordshire ...... 5s Oo 7 © GROVO weciiccccscmcespenss SO 
a eee eee °o 867% «© Holders-up for rivetting 
Yorkshire Thornaby pig. 60 o 65 o machines, &c., 1) to 5 
Bidsdale Nos.land2 ... go @ 100 o CWE, nccrccccsccesscostnsercsocs O 
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STseL CasTinas—continued 8. 
Side cranks, cross heads, 
crane wheels, engine 
BIOS, BC. ...000ceeeeeareee 
Tumbler bars and other 
castings for dredging 
SwepisH Iron (F.0.b) at 
Gottenburg 













Bar rolled ........ 
» hammered I 
TIN (per ton) - 
Straits....... 59 
Billiton . 59 
ish ingots ........0000++ 2 
English bars.............+.+ 63 
lish refined............... 62 
Australian ..'........0000088 59 
TIN PLATES (per box) - 8. 
LO. charcoal..... ve 
ZINC (per ton) — £ 
Sheets, English.............. 19 
Wire, fencing ....... 


sescessesee TO 
» Telegraph (galvanised) 16 


COALS AND COKE. 


COALS (per ton) — 8. 
pO ee g 
Derbyshire.............:..0+000 
Lancashire .......s+00+. 8 

Newcastle and Durham... 8 

- 7 
8 
9 






Scotch........ 





OILS, GREASE, & LUBRICATORS, — 


OILS (per tun) — £ 
Seal, DTOWM ......cccceenee 24 
an BORD cececcrceiemsccsnce - 98 
Prin 60 

hale, pale 29 
” oO 28 
Lard ...... + 38 

GTB on erccrscece-sececrecceecesees 3O 

PETROLEUM— 8. 
Fine (per gallon)............ © 

COAL oil, refined ........00008 © 

RaNGOON engine oil ......... 2 
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&@ «4 8, d. s & 
§ 6 3 9 
- 7 6 ° 
o 3 © PLUMBAGO (per cwt.)— 
Ceylon lump.... 13 6 ww oOo 
a ee zo 9 
o 6 260~«(o @ Ti omuniun. 2 © 9 «9 
RamwayY GREASE (per 
8. £ 8. ewt.)—Rose’s ........... 28 o co Oo 
° 5 10 Pritchard, Offer and Co.'s 
° Io 0 concentrated ........04. 60 0 co (6 
> I RESIN (per ewt.)— 
5 °@ 5 3 
5 59 10 
10 08 Oo 
0 © o py 
° 62 10 ° co °0 
° b> ° eee 6 35 0 
° e sheep......... 37. 0 37 6 
5s #2 St. Petersburg, Y.0....... 34 9 35 9 
a. s. a2 English, town .....0.. 36 0 37. «0 
° 25 ° Bough, English seecseeenee IQ °o 14 °o 
o 3 °@ Tar—Stockholm (per barl.) 20 6 22 (0 
ee Oe Archangel .... 13 6 co @ 
o 698 (Oo TURPENTINE - Spirit— 
8. £2 64. American (casks) ......... 22 0 22 3 
10 19 12 WIPINGS, engine (percwt.) 20 o a) 
I 3 «OO 
2 -3-3 CHEMICALS, &. 
Acips— 8s. 4d as 4. 
Aquafortis (per ID.)......... oe eS: ee @Z 
Sulphuric acid (per lb.) o o fr 
a4. a6 6& Sulphuric acid, brown...... ° of o of 
> = 6 AMMONIA —Muriate (per £ 58. £ ao 
_" = TOD) sreccsrssrerssssesrrneeeres 29 © 35 0 
> on z ae s d@ ww. de 
White, lump (per cwt.)... 2 ° 26 0 
6 m= 63 Powdered ter owt) Getine § 6 9 © 
>= 2g BLEACHING powder perewt. 5 09 6 0 
6 rr 6 Borax—refined (per cwt.) 35 0 37 o 
> = BRIMSTONE (per ton)— zea @ 6 
° mr 6 Rough 5 10 5 12 
Flour ...... o 4 «© 
6 9 0° Roll .....000 10 9 © 
> = 8 COPPERAS— green .,,........ 50 © 55 © 
CoprpER— Sulphate (per s. 4d. s @ 
8 6 20 Oo 
LEADS, SALTS, &c., (per c 
8. £ &. Acetate, best ° 30 0 
° 24 10 Brown ° 25 o 
10 29 0 ° 1 (Oo 
° 6r 0 te ° 22 0 
° + paillled LITHARGE (per cwt.) ......... ° 25 oOo 
° 29 0° PotasH—Bichromate (per 
° »°"< bP ccvcvocopescccsosecocceocse o 4 ° 65 
e sg7 © SALTPETRE (per cwt.) 
a4 s a bh cee ° an) 
3% oo 8 Bombay,...ccccccreressseessees o° 38 le 
Bengal ......s00+ - 3 1% g 
ma 60° 68 Sopa Caustic .... coos 6 3 6 
3 he wy OT yetals......secvesseee to «3 «ots 
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THE WATER SUPPLY UF SANDHURST. 
of the Institution of Civil Engineers, held | was 18 acres, and 
on the 11th inst., the soeee peeee read was on ‘The | The formation was 
ictoria, Australia,’ by Mr. | with a central puddle-wall. It was 350 yards long, 30 ft. 
high in the middle, and abutted on abrupt hills at each end. 
It contained 77,000 cubic yards of material. The average 
was about 105 miles, north-west of Melbourne by ety cost of the earthwork was 7}d. per cubic yard, and of the 
The population dealt with in the water supply was 35,000, 
900,150, the number of mines | the highest water level. 

1 of about 100 miles of with 

streets. The site occupied high ground between | and grassed. 

he river Companys ond the River Loddon, and was drained 

bythe Bendigo % 
from 700 ft. to 900 ft. above low-water of spring tides at 
Melbourne. The a 


Ar them 


Sandhurst Water Supply, V 
Joseph Brady, M. Inst. C.E, 
Sandhurst, the central town of the Bendigo goldfield, 


ber of houses was 
400, and there was a 


fall of rain, in a single 
, 1871. The grea’ 
» Observed in any single day, was | one of the pipes. During 


.50 in. 

Prior to 1858, Sandhurst was chiefly supplied by rain- 
water, stored in small iron tanks above ground. During | 7-in. deli 
ther the water was obtained from small mining beds, each 48 

r 


one of 
in 


was A 
’ . 
Ry former only, which embraced a storage reservoir ons, and the su 
capacity of 60,000,000 gallons, and the ne- | higher levels of the city 
ter Crusoe Reservoir had a capaci’ 
acres, and its greatest depth was 
ft. The dam was of earthwork, 700 yards long, qwith a 
a : eight of 47 ft. The total quantity of earthwork, 
demand for water increasing, the Munici including puddle, 
purchased the Bendigo Water Works for 43,0001., | 25,4001., besides 43571. pai 
and took possession on the Ist of January, 1872. The | was 12 ft. wide at the top. The inner slope of 3 to 1, was 
i reservoir, filter beds equal | covered with rough-stone pitchi 
day, and about 12 miles | outer one, of 2 to 1, was grass 
dam was carried out by contract, under a schedule of 
was engaged by | prices, and was fully ibed. ; P 
he necessary ex- | the dam at each end was 4 ft. above the highest water-line, 
rising to 7 ft. for the middle length. Provision was made 
hich had occurred 


The reservoir was 
became em 
was 8u 

pe. 


works consisted of one storage 
to a delivery of 200,000 gallons 
of mains from 8 in. to 7 in. im eter. 
had completed works e com ‘ 
the City Council to desi oak eaparent’ 
tensions. In the district 
STA conalelhen Sips. tA Hemarves were ceed |e ned he toe eh a ee Tek 

pipes. reservoirs were nam e of the eir form. e bye- 
, constracted Sah Oo reserve wes the 


mains and 
the Big-Hill 


Sandhiss 


uret 





carters, who sold their loads at about 31. 5s. 
ons. In Aprilof that 
Works Company was formed, and subsequently carried on | first two 
ry —— under an Act of the Victorian Parliament 


“in 1858-59, and the Crasoe 
City Council in 1872-78. ‘The surface level of | clear of the w 


The elevation of the city varied | through a 
for thirteen years was | locality. 


amount of evaporation from 


the Bendigo Wa‘ 


of February, 1859. The original scheme | were 
hensive one for domestic and mining sup- | and 123,000 
cial difficulties led to the adoption of | that could 


beds, on the gravitation principle. 

ay in ordinary seasons, but 
ty in drought of 1865, when the city 
with water by railway from the river Cam- | maximum h 


The author, who | the 
there were now two 


the Bendigo Water Works 
constructed by the } hills and 





the former reservoir was 991 ft. above sea-level ; its area 


thering and near acres. 
wnicean Fie dam was of earthwork, 


puddle 4s. 9}d. The top width was 12 ft., at 5 ft. above 
The inner slope was 3 to 1, 
vel, and the outer one was 2 to 1, soiled 


urther details were given of the dam, and 


of the method adopted in consolidating it. A bye-wash 


in the hills, provided for the 


» With a ca 


of 8 us water into a 
ro The ontlet was 


over 


hbouring valley, clear of the 

rainfall y a 7 in. cast-iron pipe well 
23.13 in., ranging from 10.95 in. to 38.57in. The heaviest | protected, and fitted with a brass delivery valve, of Guest 
, was 3.22 in. in the month of | and Chrimes’s pattern. 


repairs 
the dam by a 5in. cast-iron 
siphon, which has since been used as an auxiliary to the 
pipe. The construction of a pair of filter 
ft. square, was then descri! t 
filtration did not sufficiently purify the water, which con- 
tained 30 to 40 grains of 


bed ; but as sand 


matter to the gallon, at 
afterwards a third pond, 


adapted for purification of the water by the lime 
i city respectively 


process, 
of 30,000, 22,000, 
daily supply of water 


delivered from these works was 200,000 
pply had latterly been limited to the 


, We 


Its area was 80 


ity of 330,000,000 


was 306,000 cubic yards, and it cost 


for compensation. The dam 


and gravel, and the 
The construction of 


The level of the top of 


to a small extent; but 


in a depression of 


surplus water into a lateral valley 
The outlet of the Crusoe reservoir 


was by a cast-iron siphon, 18 in. in diameter and 515} ft. 
long, the inner leg being 206} ft., the crown 88 ft., and 
the outer leg 221 ft. The siphon did not cross the dam at 
right angles in a vertical plane, but was laid on its side. 
Details relating to the siphon were given. It led to a 
valve-house, and finished with a bell-mouth end in the lime 
pond of the settling works, under a constant head of 4 ft. 
of water. The siphon was filled with water in January, 
1873. At a level of 908 ft. the discharge of water was 
4500 gallons per minute. At 938.5 ft. the discharge was 
9700 gallons per minute. In connexion with this reservoir 
there were filter works, or settling ponds, sufficient for the 
treatment of 1,000,000 gallons of water per day; the re- 
nang 2,000,000 gallons - unfiltered aa * could be 
used for mining or ion purposes. ie Crusoe 
eecribed in Setail 


settling ponds were d il; their object was 
to doe tape uantities of water without the agency of 


sand filtration. Excellent bricks were manufactured within 
300 yards of the site at a cost of 21. 3s. per thousand. The 
principal items of work were : 
Cubic yards. Schedule rate. 
Excavation in clay and & s. d. 
schistose rock «- 16,401 018 
Brickwork in cement ... 3,149 21. 5s. to 21. 15s. 
Cement concrete in floors 2,117 20 


0 
Paddle behind walls ... 1,284 04 6 
The rates of wages for eight hours’ work were: Brick- 
layers, 12s. per day; bricklayers’ labourers, 8s. ; fitters 
12s. ; blacksmiths, 10s. to 11s. ; ordinary pick and shovel 
men, 6s. 6d. to 7s. 6d.; and horse and cart and driver, 
14s. day- Various precautions observed in carrying 
out the works were enumerated. In preparing the water, 
it was delivered from the siphon into the lime pond, where 
it was — in SS a yh lime ap henna 
ons of water, passed into one e settling s 
in which the water became clear in about 10 hours. Patter 
this the water was drawn off as required inte the service 
reservoir. The settling ponds required washing out every 
three months, the service reservoir was annually, 
In connexion with the Big Hill and Crusoe reservoirs there 
were two distinct mains, each with one system of recticula- 
tion. The mains of the former system were 12} miles in 
length, of the latter system, 50} miles. The paper con- 
ci with some details of the service relating to the 
mains, the fittings, and the maintenance. 


AMERICAN Brrpers.—The Michigan Central Railroad 
Company has contracted with the Detroit Bridge and 








Iron Works for a double track drawbridge at Calumet, 
Illinois. 
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Information on Practical Electric Lighting. B 
2 whan Hepvers, C.E., Memb. Inst. ME. 
London : E. F.N. Spon. 1879. [Price 1s.] 


Ata time when the subject of lighting by electricity 
is an almost universal topic of conversation, and 
when one can hardly take up a newspaper without 
coming across an article in it or at least a paragraph 
devoted to the electric light, a work of small dimen- 
sions which can Sgr just the salient points of the 
subject fairly and clearly before the public is certain 
to well received. For while the history and 
general principles of the electric light, as well as 
many of the generators and regulators employed in 
its production, are fully and accurately described in 
the legion of text-books and treatises on physics, 
which are distributed throughout our libraries, and, 
while the details of the most recent improvements 
and newer systems have appeared from time to time 
in newspapers and scientific journals, there has not 
hitherto, so faras we know, been any available source 
from which practical commercial men who have no 
scientific training, but who desire to know some- 
thing of the electric light with a view to its adoption, 
can extract so much preliminary information as they 
may require without having to wade through a 
large amount of technical matter of no use for their 
purpose, whatever interest it may possess for the 
scientific man. 

Mr. Killingworth Hedges in the book before us 
has, as far as the electric light is concerned, bridged 
over a great gulf fixed between science on the one 
side and commercial men on the other, and in a 
pamphlet of between forty and fifty pages (printed 
in large type) has extracted the concentrated essence 
of a great subject, and has fulfilled the promise con- 
veyed in the title of his work in placing before the 
non-technical public ‘* Useful Information on Prac- 
tical Electric Lighting,” and we must add with re- 
markable success, 

The book, which is rather a collection of notes 
than a treatise on the subject, is divided into nine 
sections for convenience of reference. The first of 
these explains the construction of magnets and coils 
and their influence upon one another, and gives 
some particulars about commutators and their ap- 
plication, Upon these heads depend almost exclu- 
sively the principles and construction of the various 
magneto and dynamo-electric machines, and their 
consideration is appropriately delegated to the in- 
troductory chapter. The next section is devoted to 
the voltaic arc, and here information is given in a 
condensed form with regard to regulators and 
electric-candles, to carbons, and to leading-wires or 
conductors. The third section treats of the much 
disputed question of the subdivision of the electric 
light, in which, considering the demand for infor- 
mation on this head, the-author has perhaps erred 
cn the side of condensation, the subject having but 
litt!e over two pages devoted to its consideration. 
‘Lhe very important question of electric generators 
forms the next section of the book, and some very 
sensible remarks as to the choice of a machine, keep- 
ing in view the work it is intended to perform, are 
therein given. In this section the machines of 
Siemens, Gramme, De Meritens, Wild, Lontin, 
Jablochkoff-Gramme, Wallace-Farmer, and others, 
are alluded to and classified, but are not, of course, 
described. 

Section V. is a collection of notes on the motive 
power required to drive the electric generating ap- 
paratus, and points.out the advantages and require- 
ments for special cases of steam, gas, and petroleum 
engines, as well as the application of water power 
for driving dynamo-electric machines.» Under the 
head ‘‘ Application of the Electric Light,” Mr. 
Hedges furnishes a number of data on the photo- 
metric value of the electric light, pointing out, as 
we have had occasion to do, thatitis as a rule greatly 
over estimated. In this section are also considered 
the general principles involved in and effectsresulting 
from the division of the electric light into different 
light centres, and the use and relative values of re- 
flectors, and of enclosing the light within globes of 
clear, ground and opal glass, by which its rays may be 
modified and dispersed. 

A short section upon the ‘* Transmission of Elec- 
tricity” is full of useful information upon a deeply in- 
teresting aspect of the question, giving in a condensed 
form the. pith of some of Dr. CW. Siemens’ re- 
, made both in discussions and in 
contributions to the papers. ‘This is followed by 
Section vul, whieh contains some useful hints and 


marks 


information relative to the cost of the 


which the figures refer to the different parts, as 


working — 
electric light, and in which the author warns his | follows 


readers against some of the errors commonly fallen 
into in making comparisons between the illuminati 
power of gas, candles, and the electric light. In this 
section the author republishes the very instructive 
tables published in the Franklin Institute report 
upon dynamo-electric machines, in one of which the 
hourly cost of each of seven machines is given from 
the results ot actual practice, and the light pro- 
duced by each is placed side by side with the number 
of gas jets required to produced an equal illumina- 
tion, and with the number of gas burners actually 
superseded by the establishment of the electric 
light. In the second table the power absorbed and 
light produced by five different machines, as well 
as their weights and various other particulars, are 
given from a series of experiments undertaken for 
the Franklin Institute, and which resulted in the 
small Brush machine being selected by the com- 
mittee for the use of the Institute. 

After a few remarks pointing out the absurdit 
of the recent panics with respect to gas shares, an 
the future of the gas manufacture, showing that the 
more general introduction of the electric light will 
probably tend rather to increase than to diminish 
the comsumption of , the author concludes a 
really useful little handbook by enumerating some 
of the advantages of the electric light over other 
illuminating agents, and showing what precautions 
are necessary to be taken in its adoption. 

Mr. Hedges’ book is not, nor does it pretend to 
be, a treatise on the electric light, or a description 
of any of the systems employed to produce it, such 
information can be obtained from other and more 
elaborate sources, but if we understand the object 
and the plan of the book correctly, it presupposes a 
manufacturer or other business man of sound common 
sense, but possessing but little scientific knowledge, 
contemplating lighting his workshops or his yard 
by what he believes is promising to become the light 
of the future ; a large number of questions requiring 
answers would crowd one after another upon his 
thoughts, and this little book sets itself the task of 
answering them without entering more than is abso- 
lutely necessary into technical matters. We must 
say that Mr. Hedges has accomplished this object 
very successfully, and has shown a very judicious 
discriminating power in the selection of the essential 
data, and in condensing them into so small a 


space, 


AMERICAN IRON AND STEEL WORKS. 
By A. L. Hotuey and Lenox Smita. 
No, XXXV.—Tue Works oF Messrs, Cooper, 
HeEwi1t, AND Co.—(concluded). 

The Durham Iron Works.—These works, owned by 
Messrs, Cooper and Hewitt, are situated on the 
west.bank of the Delaware river, near the village of 
Riegelsville, Pa., about ten miles south of Easton. 
A ferry across the Delaware connects the works 
with the Belvidere division of the Pennsylvania 
Railroad, furnishing transportation to tide-water at 
Camden, opposite Philadelphia (76 miles) to South 
Amboy, New Jersey (75 miles), and to Jersey 
er | (98 miles), as well as to the rolling mills, wire 
mill, steel works, &c., of the same Fe ype at 
Trenton (42 miles). The Delaware division of the 
Lehigh Canal, passing by the furnace, gives water 
transportation during eight months of the year. 
With respect to the cost of coal and ores brought 
from a distance, and of shipping iron to market, the 
Durham Works ep 4 be considered as about on a 
par with those in the Lehigh Valley, near Easton. 
Coal (anthracite) is brought by canal from Mauch 
Chunk, in the Lehigh; iron ores (magnetic) from 
Ringwood and other points in New Jersey. Brown 
hematite, and a considerable amount of magnetite, 
is mined on the Durham property (about 1000 acres) 
and in the immediate vicinity. 

The Durham estate has been the seat of an iron 
manufacture for more than 150 years. In the ex- 
hibit of the Lehigh Valley Iron Works, at the late 
Centennial Exhibition, the keystone of the old 
Durham charcoal blast furnace, bearing the date 
1727, was shown, The present works, which are 
almost entirely new, comprise one blast furnace, 
with the usual buildings (engine-house, boiler-house, 
hot-blast ovens, cast-house, stock-house, &c,), a 
foundry, machine-shop, shops for blacksmiths, car- 
penters, wheelwrights, pattern-makers, &c. 
quired for constructions and repairs about the 
works, mines, farms, and dwellings), office, chemical 
laboratory, &c. The arrangement of the works is 








shown by the plan, Fig. 4, on the néxt page, in 


(re- | bell 





1, Furnace hearth; 2, circular blast-pipe; 3, 
mantle ; 4, gas down-fiue ; 5, gas-flue to stoves and 
boilers ; 6, hot-blast stoves; 7, hot-blast pipe; 8, 
boiler-house and boilers ; 9, steam-pipes to station- 
ary hoisting engine; 10, steam-pipe to engine in 
shop; 11, blowing engines; 12, Worthington 

jumps ; 13, receiver; 14, pipe to pneumatic hoist ; 
5, reumatic hoist in brick tower; 16, scales for 
weighing charges; 17, stock-house a 18, 
upper stock-yard; 19, 20, high- le tramways, 
and 21, lower tramway, operated by stationary 
engine ; 22, gravity plane ; 23, tower and station- 
ary engine, operating plane and tramways from 
Delaware Division Canal; 24, scales; 25, tank, 
supplying water to tuyeres, &c. ; 26, casting-house : 
27, 28, scales; 29, track to dock; 30, track to 
ferry ; 31, cinder tracks; 32, lower stock-yard; 33, 
foundry; 34, oupole 35, wagon and railway bridge 
over Durham Creek; 36, foot-bridge; 37, office, 
vault, and laboratory ; 38, branch of canal; 39, 
blacksmiths’ shop ; 40, iron store-room, and blowers 
for forges and cupola; 41, pattern-makers’ and 
wheelwrights’ shop; 42, store-room ; 43, machine. 
a 44, general store-room. 
e blast furnace, shown by the sections Figs. 
5 and 6, has the following dimensions: height, 
75 ft. ; diameter of bosh, 19 ft, 6 in,; at top, 16 ft. ; 
in breadth, 8ft.; height of bosh above top of 
crucible, 25 ft,; depth of crucible, § ft. ‘The hearth 
is lined with 42 in, of firebrick, the bosh with 37 in. 
The mantle is supported upon eight cast-iron 
columns, and the is surrounded with a shell of 
boiler iron. There are five tuyeres, in. which 54 in. 
nozzles are usually employed. The Liirmann closed 
front and water-cooled cinder notch (with some 
modifications designed to increase the amount of 
water passing through the castings, and to facilitate 
the removal and replacement of the cinder notch) 
are ry a ta with satisfactory results. The tuyeres 
are 5 ft. above the bottom of the hearth, and the 
cinder tap is 18 in. below the tuyeres. It is placed 
for convenience not over the iron tap but at one 
side, so that the cinder can be run continuously, if 
desired, through a water-cooled trough into the 
cinder cars, without hindering operations at the 
front of the furnace. 

The charging apparatus is a double bell and 
hopper, designed by Mr. Edward Cooper. The 
hopper and the outer bell or annulus are of wrought 
iron, the former being 13} ft. in diameter at the top, 
and the latter 10ft.in maximum diameter. The 
inner bell is of cast cast iron, and 4 ft. in diameter. 
The apparatus differs from other “double bells” in 
this, that ordinarily the inner bell is fixed, and the 
annulus descends in charging, thus distributing the 
stock in acircle thrown outward, anda pile or circle 
in the centre of the furnace ; whereas in this case 
both bells descend. In charging, the inner bell 
may first be lowered alone, and after it has returned 
to its place the two bells are lowered together, and 
the annulus or outer bell deposits its load of stock. 
This distribution avoids the creation of a heap in 
the middle of the furnace, tending rather to leave a 
depression there. The movements of the bells are 
controlled with levers, operated by means of a cy- 
linder which receives compressed air from the 
engines. The apparatus, as originally designed, in- 
cluded ‘‘ wings” or “ tails,” i.¢., prolongations of the 
surface of the outer bell, on alternate quadrants of 
its circumference. These served to carry, at each 
descent, portions of the charge to a larger circle 
than that in which the unprolonged sections of the 
bell would deposit their load. By a simple automatic 
gear the bell was turned through a quadrant at every 
descent, thus in two descents forming two circles of 
stock. This feature is not now employed and is 
deemed unnecessary, The wings have ec removed, 
and, in consequence, the diameter of the outer bell 
is smaller than it would have been if originally 
constructed without them. The stock is principally 
charged in the outer bell, the inner being used for 
charging scrap, the melting of which near the walls 
might, as is pepcshendet, expose the tuyeres to de- 
struction from dropping iron, The precise method 
of charging which will give the best results has not 
yet been experimentally determined. The appa- 
ratus just described, however, permits variations in 
charging, by the simple expedient of loading one 
od ne or lowering it more or less 
frequently. this respect it is superior to those 
double chargers which lower only ths samiden and 
will only distribute stock according to the dimensions 
of the apparatus. The arrangements for raising, to 
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platform of the truck descends by its overweight, 
pulling up, at the same time, on the other tsadk, a 
truck with an empty barrow. The loaded barrow 
is received at the bottom by the weigher, weighed 
and run into the hoist tower upon one of the 

By this arrangement the coal is brought to the 
tunnel head with no greater labour than if the stock- 
yard directly adjoined the hoist-tower, as does the 
stock-floor, and far more conveniently than if stock- 
yard and stock-floor were on the same level, since in 
that case the fillers would have to wheel the barrows 
a greater distance. The extra expense incurred in 





first hauling the coal up the incline, then allowing 




















































































































the top of the furnace, the ore, stone, and coal | 


are as follows: A tower containing a Taws and 
Hartman pneumatic hoist, stands by the furnace, 
with which it is connected by a bridge. This hoist 
may be operated either from the ground or from the 
stock floor, 25 ft, above the ground. No stock is 
at present raised from the ground level. The stock 
floor (or stock-house, covered with a galvanised 
iron shed roof) is kept supplied with ore and lime- 
stone, brought by ns or by the cars which run 
from the canal up an inclined tramway, operated by 





a stationary engine at the top. This engine receives 
steam from the boilers of the works below, when 
there is sufficient steam to be spared, otherwise it is 
run from a special boiler, fired independently. The 
same engine draws the coal cars up a steeper incline 
to the stock-yard, which is behind the stock-floor, 
and 16 ft. higher. In this yard the coal is piled, 
and delive: to the stock floor as uired by 
means of a double-track gravity incline. ‘The fillers 


bring the coal in barrows to the head of this incline, 
and a loaded barrow being run upon the horizontal 














it to descend 16 ft., and finally hoisting it through 
the tower, is an insignificant matter, being measu 
only by the extra 16 ft. of hoisting with compressed 
air. The arrangements above described are rendered 
necessary by the fact that all the coal is received 
by canal, and hence a large stock—at least 12,000 
tons—has to be accumulated for the winter season. 
This amount could not be stored on the stock-floor. 
The ores employed are magnetites from Ringwood, 
Bethlehem, Belvidere, and other points in New 


| Jersey, and also from the Durham estate itself, to- 
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BLAST-HEATING STOVES AT THE DURHAM IRON WORKS, PENNSYLVANIA, U.S.A. 


A Fig 7. Section through C.C. 
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gether with brown hematites from the vicinity. 
The former occur in the well-known ranges of 
crystalline schists which traverse New Jersey and 
Pennsylvania, the latter in or near the silurian lime- 
stone belt, recently explored and described by the 
Pennsylvania geological survey. Charcoal forge 
cinder, from the sinking-fires of the works of this 
firm at Trenton, is also charged. The limestone is 
dolomitic. Particulars of the nature of these 
materials have been given in the general description 
of the exhibit of Cooper, Hewitt, and Co., at Phila- 
delphia. The mixture of the charges is varied 
according to the kind of iron desired. The usual 
proportions are one-sixth of brown hematite, one- 
sixth of forge cinder, and the remainder various 
magnetites, the whole yielding about 50 per cent. 


of iron. The following is considered good work on 
No. 2 iron: 100 cwt. coal, 160 cwt. ore, 86 cwt. 
limestone. The best work has been 100 cwt. 
coal, 170 cwt. ore, 90 cwt. limestone. 

A down-fiue, 5 ft. in interior diameter, conducts 
the gases from the tunnel-head to the stoves and 
boilers. The former are eight in number, built in 
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pairs, after plans of Mr. Edward Cooper. Their 
construction and arrangement will be seen from the 
accompanying diagrams, Figs. 7 to12. It has been 
found easy to maintain with four or five of them a 
temperature of 800 deg. to 900 deg. Fahr., while 
blowing into the furnace upwards of 10,000 cubic 
feet of air (measured at 60 deg. Fahr.) per minute. 
The temperature can be increased to 1000 deg. 
without + ny injury to the * pa The stoves 
have run about seven months without burning out 
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any pipes. It will be seen that the cold air enters 
in the same side with the gas—an arrangement 
which tends to e the pipes, or at least to 
equalise the strain and wear upon them, while on 
the other hand it is said to be less economical of 
gas, and to permit a less elevated final. tempera- 
ture,- Mr. Firmstone, pe ago wn fs manager of 
the Glendon Works, ers the op arrange- 
ment. Another pecallasity of the Parham stoves 
is the escape of the gas through separate small 
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tter the action and reaction of whose atoms constitute | alteration in them,’’ and so forth, and he then invited 
Sn, GE Wales eaee Sees Bes toe. a the force of attraction.”’ boanty toa trial of the propeller fet eer about 20 ft. on ouaed 


brick chimney, 100 ft. high, receives only the Fro- 
ducts of the combustion under the boilers. e 
heating surface in the eight stoves amounts to 
10,140 square feet. 

The blast is furnished by two vertical condensing 
engines, built by Henry C. Morris, of Philadelphia. 
The blowing cylinders are 84in., and the steam cy- 


linders 44in. in diameter, the stroke is 48in. Each |}, 


revolution, therefore, delivers to the blast-receiver 
308 cubic feet of air. The calculated full capacity 
of the furnace would require 24 revolutions of both 
engines, or 14,794 cubic feet of air per minute, less 
leakages. The usual rate of running, however, for 
a production of 350 tons of foundry ow part grey 
forge) iron is 16} to 17 revolutions of both engines. 
When either engine is stopped for repairs, the other 
is run at somewhat less than double speed. With 
one engine running at 28 revolutions, the product 
of the furnace is about 42 tons foundry iron, or a 
little more of grey forge. The pressure of blast is 
8 lb. to 9 lb. per square inch, 

The light and rapid short-stroke blowing engines, 
of which thoze at Durham, at the Pennsylvania 
Steel Works, Harrisburg, and elsewhere, are types, 
may be considered as still on trial by American iron- 
masters. It is a question whether the saving in 
first cost and in room which their use involves will 
not be counterbalanced by greater frequency of re- 
pairs, There is, of course, a practical advantage 
and security at Durham in having two engines, 


either of which, on necessity, can blow the furnace | gases 


alone, 

The boiler- house contains four sets of three boilers 
each, 36in. in diameter and 65 ft. long, with ‘“‘ mud 
boilers” 26 in. in diameter and 50 ft. long. The gas 
burned under the: boilers escapes into the 100-ft. 
brick stack. This large boiler capacity is required 
by reason of the lime water employed, which rapidly 
forms deposits. Half the boilers furnish all the 
steam required, not only for the blowing engines, 
but also for the outside stationary hoist engine. 
When gas is plenty steam is also conducted across 
to the shops, where an oscillating engine runs the 


lathes, saws, planers, and the blowers for the black- | ¢ 


smiths’ forges, and for the foundry cupola, As ex- 
riment permits the gradual reduction of blast 
urnace fuel, it is probable that the supply of gas 
will not be adequate to these outside purposes ; and 
it is but fair to the works to say that the managers 
would be quite willing to be forced by this cause 
to use independent boilers for their hoisting and 
shop engines, These are, indeed, at hand for the 
purpose, and are often employed. But when surplus 
steam is available from the main boilers, it can at 
once be utilised by opening the connexions with the 
other engines alluded to, and thus the large con- 
sumption of coal (according to European ideas) in 
the blast furnace is partially counterbalanced by 
economical applications of the gas produced. 

The boilers are fed by an independent Worth- 
ington duplex steam pump, having two steam 
cylinders, each 10 in. in diameter, plungers 5}in., and 
stroke 10in. A similar pump raises water to the 
tuyere tank (at one end of the stock-house), from 
which it flows to the tuyere, &c. ; and the same pump 
supplies the reservoir, located on the top of the bill 
behind the furnace, and furnishing a head of about 
100 ft. The reservoir contains about 48 hours’ 
supply of water for the furnace and boilers, and is, 
moreover, 80 connected with the general water system 
of the works as to be made available in case of fire. 
There is also a third Worthington pump in reserve, 
and, in the machine shop, a Cameron pump. Pipes, 
hydrants, and hose complete a thorough system of 
water supply. 





THE TRAJECTORY OF MOLECULES. 
To tHe EpiTroR or ENGINEERING. 
Sir,—In your issue of December 20th, 1878, I find an 
interesting article on the above subject, in which you say 
that Mr. William Crookes, F.R.S., “‘ has more once 
ventured upon the broad conjecture that there may exist 
in nature a still higher condition of matter than the 
gaseous,” in connexion with which - to call your 
attention to an article on “‘The Origin of Spots on the 
Sun’s Dise,”’ written by Mr. Johan W. Nystrom, e 421 
in the June number of the Journal of the Franklin In- 
stitute for 1866. 
Mr. Nystrom believes, if I understand him rightly, that 
the celestial space is filled with imponderable matter which 
forms the connexion of attraction bet 





ween the 


pondera’ 
matter is capable 


says, 
of being converted into four forms, namely, 
solid, fluid, gaseous, and i \ 
e it becomes im it has, of course, no 


weight, because it is resolved into that very essence of 


It is evident that whatever te form, even im- 
derable, matter may exist in, its inertia can never be 
yed, and no substance can have inertia without 
being material. a 
Any substance that obeys the law of d ics like matter 
does, must have inertia, and consequently be matter. — 
Light, when striking a polished surface, rebounds like a 
solid body would do, and must therefore have inertia, and 


Mr. Nystrom says, ‘‘ The different forms of imponder- 
able matter, such as = heat, electricity, and mag- 
netism, appear to be different compounds which seem 


clearly to indicate their materiality, and that they possess 
inertia, of which the most striking illustration is the flow 
of electricity through Geissler’s tubes. : Bi 

“* The electric substance flows through the irregularities 
of the tubes the same as a gas or liquid would do; that is, 
its velocity through the narrow parts of the tubes is con- 
tinued by the inertia some distance into the globes. 

** A ray of light from the sun may be composed of all 
the elementary substances in nature, as indicated by the 
solar spectrum. The lines seen in spectrums of different 
lights, not only represent certain substances, but may be 
samples of the very atoms, and that such ae 
duces its own colour, and requires a specific grade of vibra- 
tion for its propagation.”’ 

At the February meeting of the Franklin Institute, 1878, 
Mr. Nystrom ge the question as to what effect the 
liquefaction of the heretofore supposed —— gases 
will have upon the established location of absolute zero of 
temperature. Mr. Robert Briggs thought that the point of 
nominal absolute zero would remain where it is, but was 
not prepared to discuss the subject at length. Mr. Nystrom 
maintained that the absolute zero was established by the 
law of volume, pressure, and temperature of permanent 
, which law is different from that of vapours, and 
that the liquefaction of these gases upsets the present 
theory of absolute zero. 

Mr. Briggs attempted to sustain the present assumed 
absolute zero by an explanation of the three aggregate 
forms of matter, but Mr. Nystrom maintained that matter 
exists in four aggregate forms, namely, solid, liquid, 
gaseous, and imponderable. 

The President of the Institute, Dr. Robert E. Rogers, did 
not believe in the existence of the fourth-named form of 
matter, and even said that there are no sharp distinctions 
between the three first-named forms. 

In regard to the existence of a fourth aggregate form of 
matter, it is satisfactory to know by your remarks that Mr. 
Crookes’ “‘ recent researches has been to lift that remark- 
able conjecture from the region of speculation to that of 

‘act.”’ 


Yours truly, 
W. Barnet LE Van. 
3607, Baring-street, Philadelphia, January 8, 1879. 








HISTORY OF THE SCREW PROPELLER. 
To THE EpIToR or ENGINEERING. 

S1r,—In one or two of your late numbers, I have seen 
some surmises as to the invention of the screw propeller. 
Permit me to tell what I know of the matter. In 1820 my 
father kept a wine vault, the ‘‘ Three Sugar Loaves,”’ 99, 
Union-street, Borough ; at 93 or 94 lived a Mr. Edward 
Shorter, inventor and patentee of the bottle roasting- 
jack and kitchen smoke-jack, the latter a precursor of 
the screw propeller. In the “‘ Encyclopedia Britannica” 
you will find this Edward Shorter patented an invention (a 
screw propeller) to move ships against wind and tide; a 
Frenchman two or three years after taking out a patent 
for the same purpose. Shorter’s in 1802 was tried on 

His Majesty’s troopship Doncaster or Dorchester, 
worked by a common capstan with cog-wheels attached ; 
somewhere about 1822 I was present at a trial of the pro- 

lier attached to a common e of that period, and as a 

y, paid all my attention to a large wheel turned by mer 
inside continually treading. ‘There lived in our house a 
marine painter named Oldham, who also painted silk flags 
for the barges of the various city companies. Shorter and 
he were cronies, and Shorter wanted to propel the lord 
mayor’s or one of the companies’ ba by steam, with a 
sort of duck’s foot on either side of the bows. A drawing 
of this by Oldham is now hanging on the wall of Mr. 
Serle’s boat-building establishment, Stangate-street, facin 
the pit-door of Sanger’s theatre. Two or three doors beyon 
Shorter’s shop, and next door to the “Salmon” public- 
house, lived a builder named Marsland, whose yard and 
workshops ran at the back of Shorter’s yard ; the younger 
Marslands and I coming from school used to climb over 
into Shorter’s yard; there was a large tub of water, 
say 12 ft. diameter and 2 ft. deep, with models of boats 
worked by clockwork. We used to wind them up, holding 
them out of the water, thereby seeing the two or three- 
bladed propellers of different forms ; they used to go round 
the tub when set going. Shorter had an apprentice named 
James Lowe. He did not like filing brass wheels for the 
jacks, so my father got him apprenticed to Captain Under- 
wood, of the Amelia Wilson, a whaler. Underwood was a 
relative of ours. I saw Lowe at the end of each voyage. 
Before 1829 Shorter died in great distress, leaving two 
maiden sisters behind him of a very advanced age. Lowe 
was married, and got a shop in lotte-street, Black- 
friars-road, following the jack trade. I believe with his wife 
he had some money. One day he told me he had interested 
some gentlemen, and f a company with his then 


ble ee Mr, Dent Smith, for propelling ships, and would 


on him at East India Chambers, enhball-street. 
I went there, saw a great many persons looking at the 
models of screws on the walls. Pai said, ‘‘ Why, 
Jim, this is the same as Neddy Shorter’s boats in the tub 


in Union-street.”” He said, “Oh, I have made a great | I 











by asmall high-pressure engine, the funds supplied by Mr. 
Flocton, turpentine merchant, Horsleydown. 

We started in the boat to go to Erith from Pageant 
Stairs, Rotherhithe, and I sincerely believe this was about 
the first trial of the propeller on the Thames ; we attained 
no speed and got chaffed by the fast Gravesend 
steamers of that day, particularly the Ruby. I was pre- 
sent on three or four subsequent occasions after some 
alteration, but no £ results, from the clumsy build of 
the boat. One day Lowe told me Smith had behaved very 
badly to him, got all the explanations of the invention, 
dissolved partnership and started another <a with 
Curry, the banker, as principal. They built a v: of 80 tons 
or 100 tons, called the Archimedes. I must tell you Lowe 
was deficient in education, wanting in address except on the 
practical working of the screw. Smith, on the contrary, 
possessed a wonderful gift of the gab. Well, Lowe began to 
receive royalty from some owners of ships adopting the 
propeller and went to Ireland to superintend fitting the 
propeller to rather a large new steamer, the Great Northern, 
and was continually petitioning the Admiralty to what 
he called his invention. Smith through interest and more 
business qualities, got the ears of influential parties, and at 
last a vessel was built (after the propeller being tried on 
an old one) for the Royal Navy expressly to test Shorter’s 
original patent (called Lowe’s), and together with Lowe’s 
earnestness the screw propeller became an established fact, 
and Smith securing a good situation under the Board of 
Admiralty. Somewhere about 1853 a Committee of the 
House of Commons examined the various claims for the 
different (so-called) inventors, and a sum of money was 
awarded each of them. I think I have said Lowe had 
another partner by this time, if not it was so, and Lowe 
gave him the cheque to get cashed for the amount awarded, 
which Lowe never saw a penny of, for the fellow went away 
with the money to Ca: or America, and after a year or 
two he came back ; Lowe gave him in custody, and the trial 
came off at Maidstone. I read it in the daily papers, com- 
miserating Lowe. The fellow at the trial pleaded partner- 
ship and was acquitted ; he had previous to the trial de- 
clared himself bankrupt. I did not see Lowe for five or six 

ears, but about 1860 or 1861, one evening going along 

tone’s End, Borough, I saw a man with a basket over his 
shoulder and a bottle-jack sticking out. 1 thought of 
Shorter, walked on in front, and turned round; it was 
Lowe reduced to mending jacks. We turned into a house 
and over a glass of ale he told me particulars of the cheque, 
trial, his present (no) prospects. I promised te call on him, 
but was obliged to go back to Birmingham, and say within 
two months, saw inthe Daily Telegraph, James Lowe, 
engineer, crossing Blackfriars-road, was knocked down by a 
cart and killed. All the time I have been speaking about, 
various experiments were going on, Paddington Canal and 
other places, but the foundation of them all, as well as those 
of the present day, had and have their origin in Edward 
Shorter’s patent of the end of last century. 

J. M. RoBErts. 
98, Upper Kennington-lane, January 26, 1879. 





PROMOTION IN THE INDIAN PUBLIC 
WORKS DEPARTMENT. 
To THE EDITOR OF ENGINEERING. 

Sir,—With regard to ‘‘ L.’s” letter in your issue of De- 
cember 6, and what he says in respect of ‘‘ equitable con- 
siderations,” I wish to add to what I previously said 
before, the following facts. 

The only State railway officer who has built a broad 
gauge line has more than 25 years’ service. The line will 
compare with any in India. It is simply by the testimony 
of accomplished experts as well done as it could be. Now, 
the only officers senior to that officer in the department are 
men who were introduced into Government service about 
1869, and one at least is not only fifteen years his junior in 
point of service, but is also younger in respect of age. 
Again, there are two branches of a common narrrow gauge 
line which shall be nameless. One was built by an officer 
who had been a long time in the service of Government, 
but had, no more than the officer before mentioned, con- 
structed a railway previously. The other branch was 
constructed by a new comer into Government service, a 
railway engineer. There is no question that the branch 
constructed by the latter is inferior to the branch con- 
structed by the former. Yet the latter, who is many years 
younger in age, and nineteen years less of Government 
service, is the senior departmentally. 

I would ask “‘L.”” why? and I give the answer in the 
same manner as before. There was a disregard of “ equit- 
able considerations.” The new comers were, on first 
joining it, put into the department in high positions with- 
out regard to the deserts or claims of old Government 
servants. ‘‘L.’’ seems to think that equitable consider- 
ations probably led to the employment of railway men no 
longer needed on guaranteed lines. Ido not see how an 
equitable considerations in this case could exist. Suc 
railway men had no sort of claim on Government, and they 
know it. But, even if they had some claim as “L.” 
thinks, were the ‘‘ equitable considerations’? which led to 
their employment so paramount as to compel Government 
to ignore the consideration to which old and tried servants 
were enti In respect of which set of people should the 
equitable considerations have had the first place. AP 





To THE EDITOR oF ENGINEERING. 
Srz,—In ENGINEERING of the 8th of November a letter 
igned ‘‘ A. F.,”’ in which some of my assertions 


which a) in your issue of the 9th August on the 
above subject were denied. ‘A. F.”’ gives the Ta of 
of the list. 


service of some of the Royal Engineers at the 
extract from the Classified List published by ent 
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the dates on which these officers were first to the 
Public Works Department and place ite them the 
length of service is calculated by “A. ¥.,’”’ whose letter 


was dated 24th September, 1878. 











: Actual Service 

Date of first Appointment to Service to | According 
Public Works Department. September to 

24, 1878.| “A. F.” 
Colonel Crommelin, March, 1844 344 37 
ao! a 3 7 1849 sid 294 33 
», Crofton, November, 1847... $1 34 
;, Brownlow, March, 1852 ... 25: 27 
»» Innes, April, 1852 ... om 25: 30 
», Hutchinson November, 1844 Bt 35 
Sir A. Taylor, June, 1846 ... ons 324 35 
Colonel Peile, October, 1849 me 29 82 
,, Stanton, November, 1853... 25 28 
Major Pemberton, May, 1857 ___... 214 25 
»» Le Mesurier, May, 1860... 184 22 
A. Filgate, October, 1863 ... 15 22 











I leave these facts to your readers’ discrimination. There 
is no doubt that a double grievance exists in the Public 
Works Department. First, the swelling of the ranks by a 
number of outsiders in the higher es whose appoint- 
ment was allowed to stop the promotion of former incum- 
bents instead of keeping the new comers on a separate list. 
This grievance is felt by all alike civil and military. 
Secondly, the notoriously unfair promotions to the higher 
grades which was, I consider, = in my former letter, 
and which I do not think “‘ A. F.”’ has in any way refuted. 

A large number of colonels of Royal Engineers are now 
about to retire, which will give vacancies th hout the 
department, and it remains to be seen whether the promo- 
tions will be given in the same way as heretofore. 

Yours faithfully, 
Vox CLAMANs IN SIcco. 

January 1, 1879. 





THAMES TIDES. 
To THE EpIToR OF ENGINEERING. 

Srz,—It will interest many to know that on Tuesday 
afternoon last, the 11th inst., the tide flowed at 5.5 p.m. 
3ft. 6in. above Trinity, or 2ft. 4in. aboye the computed 
range by the Admiralty authorities, and this with a 
nelneaa south, south-west wind ; but a reference to Mr. 
Scott’s returns will show that it was heralded by a stiff 
gale from the ‘‘ Skaw’’ and northern portions of the North 
Sea. This tide thus exceeded by 1 ft. and 7in. the two 
greatest computed ranges of this for March and April 
next, relatively each 1ft. 1lin. above Trinity standard. 

Tuesday’s tide was within 6in. of the surface of 
the Embankment, level with the centre of the mock mooring 
rings in lions’ mouths, and washed over the hi of the 
oscillating landing stages, the inclination of which was 
reversed, t.¢., raised upwards ; witha pool of water over 
the commencement of the ee treads, necessitating 
stages over the outer parapet at Westminster for landing 
and embarking. 

At the London Docks the same tide marked 2ft. 11in. 
above Trinity, or 7in. lower than at Westminster, Fierce | 
over the three miles and a half of river the somewhat hig 
gradient of 2in. per mile at high water, the normal gra- 
dient at high water of spring tides amounting to no more 
than 14 in. per mile. : 

For half a century no tide has exceeded this height b 
more than.2in., save the very abnormal tides 1874, 
1875, and 1877, and which at the time attracted so much 
wnithongh rticl peared respecting a few high tid 

Although articles ap ing a few high tides 
last year, this of Tuesday, the 11th hs was entirely 
ignored by the public eons notwithstanding it was 12 in. 
higher than those which had previously attracted notice. 

With such a result, under no very exceptional conditions, 
what may we not expect on the recurrence of the rare 
combination of meteorological conditions experienced in 
1874, 1875, and 1877 P 

I am, Sir, yours traly, 
J. B. REDMAN. 


7, Little Queen-street, Westminster, Feb. 17, 1879. 


SANDRINGHAM WATER SERVICE AND 
FIRE APPLIANCES. 
To THE EpIToR oF ENGINEERING. 

Srr,—Bearing upon the Sandringham Water Works 
described recently in ENGINEERING, it ought to be 
mentioned that the hydrants fixed upon the water main 
are of the screw-down pattern, and made so that the hose 
pipes belonging to the fire-engine can be used direct or in 
conjunction. This engine is a very powerful and hand- 
some ‘‘ Merryweather,” specially constructed for His 
Royal Highness in 1867. In the event of a fire at the 
Hall or in the offices attached, a direct supply could be 


procured from the ornamental lakes. - 

Superintendent Walker has ¢ of the fire- , 
and drills the Royal Brigade at periods, the object 
being to test the power and condition of the appliances ; 
the most satisfactory result is the capability of the water 
service or engine to drench the roof of the highest building 
at Sandringham Hall. 





I am, Sir, ae truly, 
. C. MERRYWEATHER. 
63, Long-acre, London, February 1, 1879. 





to be rather 
than there were 


Tue Frencn Iron Trapz.—There a 
more orders in the Department of the Ni 
& month since. 





MINE VENTILATORS. 
« . To THE weet oF agg ror oni 
In,—I was very see in your week’s journal 
a letter which will, T hope, help to bring the fan question 
before the engineering world, and I trust you will allow me 
to say a few words about it. 

It is not easy to see what a fan is doing, and it is more 
difficult still to find out what it has done and what it is 
capable of doing ; for one cannot believe what fan makers 
say. To give an example : Within the last month three 
makers (call them A. B. and C.) have been tome. A. said 
‘** There is not one of our fans ry ee less than 60 per 
cent. of useful effect, and smany of them are doing over 70 
per cent.’ I spoke to B. about A.’s fans and he said, 

‘ There is not a single one of A.’s fans giving off more 
than 40 per cent., and I have that over and over 
in.”” Then came C. with ‘Oh! any one who knows 
apeting, phent fans will tell you that A. and B. are no 
- Now my fan is giving off 50 per cent., andI be- 
eve it is theoretically impossible for wy Ly to do more 
than this. I can give you from 3000 to cubic feet per 
revolution, and if you, &c.”’ 

So they go on, and there seems to be no way of getting 
at the truth. 

One kind of fan may be better than another for a certain 
kind ef work, say, volume at a low water gauge, or 
small quantities at high gauges; and there will always be 
something more than the price of a fan to consider before 
settling which you would buy, but what we want just now 
is some information that can be ed upon. 

TI enclose my name and address, but beg to subscribe my- 

Very truly yours, 


’ 
MANAGER. 


February 17, 1879. 


To THE EpIToR oF ENGINEERING. 
Srr,—My attention has been called to a letter which 
anges yom of the 14th inst., and I have been 
to write you about mine ventilators. Unfortunately 
I know little or nothing about them ; butsome months 
I made a suggestion which was so much lan, hed at by 
some fan makers that I have ever since believed that there 
must have been something in whatI said. My idea was 
to board up the intake drift so that no air could into 
fans that way, and then to work it. When the behaviour 
of each fan working under these conditions had been noted 
it would be easy to cut i e (say, first 1ft., then 2 fi., 
8 ft., and 4ft. square) the ing and try the 
fans under conditions so nearly similar that. even ‘‘ One of 
Three” could not object. I enclose my card and remain 


Yours faithfully, 
Cardiff, February 18, 1879. 


To THE EDITOR oF ENGINEERING. 
S1m,—Referring to the letter in your last issue from 
‘*One of Three,’’ a very judicious experiment, and one 
more likely to set at rest any doubts than either 
the Committee of the North of land Mining Institute 
and their labours (although these no doubt will be valuable) 
or the Commission just appointed (unless, indeed, 
it makes the experiment in question) could be made thus : 

Place between two mines, having each a ventilation of 
about 150,000 at between 1}in. and 2in. water gauge, a 
Cooke’s ventilator adapted to the work, and a Guibal fan, 

so adap Then try each ine on each mine 
separately, and note the results. Also note the first cost 
of each such apparatus, and the general conveniences 
attending each system, as compared with the other. 

Under 1-in. water gauge very few mines are capable of 
being ventilated, but in such a case Guibal might fairly be 
assumed to give more volume, while over 2in., and in an 








lator would compete more and more favourably. 

The cost of such an experiment would be the difference 
between placing the machines in such a position as to com- 
mand either of the mines at will, and that of placing each 
of them where the least outlay would otherwise have been 
in . No. 3 of the trio, presumably three of three 
and the Royal Commission, if so minded, should pay such 


cost. 
February 19, 1879. 


To THE Ep1ITorR or ENGINEERING. 

S1r,—I observe in your last impression a letter signed 
**One of Three,” wishing some information as to the 
relative merits of the different ventilators which are now 
contending for public favour. Will you kindly allow me a 
corner to request your ent to apply to the parties 
most likely to be able to form an opinion of value in the 
matter, viz., the chief mining engineers of the various 
districts in which mechanical ventilation has been adopted. 
I may perhaps be allowed to add (although my testimony 
may be considered prejudiced, having represented one of the 
systems named, i.e. the Guibal, for some years) that for 
large volumes and moderate water gauges, he centrifugal 
systems are decidedly preferable; while for cases where, 
under a higher water gauge, smaller volumes are sought, 
the ‘‘Cooke’”’ ventilator would probably meet the case. 
The other systems have doubtless merits of their own, but 
duty applied or utilised. On the air of the mine shonld 
alone be the test, and I feel confident that experience has 

roved already by extensive adoption, the principle most 
ikely to meet genera] requirements. i 
I am, Sir, yours obetieny, 
D. P. Morison. 


21 Collingwood-street, Newcastle-on-Tyne, Feb. 19, 1879. 


One oF THE E1Gur. 





To THE EDITOR oF ENGINEERING. 
S1r,—In reply to.‘‘ One. of Three,” I may state as an 
impartial writer that I have had frequent ities of 
observing'the various mechanical appliances for the 





increased ratio with every added inch, the Cooke’s venti- |; 








above object, and after a very careful consideration I am 
of an opinion that the Cooke fan is the best for mine venti- 
n. 


latio: 

In sup) of my opinion, I may state that the recipro- 
cating oy absorbs an enormous amount of its useful 
effect in overcoming the c of motion on the return 
stroke. The Root blowers ugh a very efficient ma- 
= on a small “— ey we goer to — - oe of 
great annoyance e pit mouth, on account of the great 
noise caused by the gearing. With regard to other rotary 
fans, to the best of my knowledge they have not as yet 
been able to compete either with Guibal or Cooke, there- 
fore I consider the two latter to be the rival fans. The 
Guibal may probably under the most favourable circum- 
8 realise 50 per cent., whereas Cooke as a rule realises 
64 per cent., and at high-water gauges the Guibal is left 
far behind. Another point in favour of the Cooke fan is, 
that in cases of emergency, such as accidents to the machi- 
ner? furnace ventilation can be resorted +o at any moment, 
without the expense of an extra shaft ; furthermore, as all 
tee bee ings are exposed to view, a on se Pca 
without in any my agies Bie, e working of the 
mayhith, dich acciidahe tee liable to occur. a4 
. I know nar sone “urate oe ~ been working 

or years, i jand neces to set 
any of the brasses, and from all appearance it may be some 


time before such is . 

With to the cost, I believe that the Cooke fa 
can com favourably with any other maker, but this 
‘* One of Three’”’ can easily ascertain by inviting tenders. 

Yours truly, 
Joun CxATTO. 
Febrnary 19, 1879. 





THE INSTITUTION OF CIVIL ENGINEERS. 
To THe EprTor or ENGINEERING. 
S1r,— oF nc me of the new list of Members of the 
Institution Civil 


» wholly ignoring the class of 
Associate Mem Visguite 6 
what one might 
Council 


bers recently crea’ 
) expect from the tone taken up by the 
throughout the whole dispute. The remedy, how- 

ever, lies with the Associates themselves, who should form 
a trades union for the purpose of electing members of 
Council at the next annual meeting, who would be prepared 
- ~——- out their views. I for one shall be only too happy 

com’ 


, is quite on a par with 


ine with others, and subscribe money if necessary to 
effect this object. I think also that at the general election 
every member in the United Kingdom should have a vote, 
whether able to attend the meeting in London or not. 
What the Associates should aim at is not to curtail the 
power of the Council or to reduce the qualifications for 
membership, but to elect a fresh Council who would see 
that Members were chosen on account of merit alone, and 
not because they heopen to have the honour of being either 
friends or relations of those in power. 

I remain yours % 

NoTToBEe SATUPON. 





A DURABLE SPUR WHEEL. 
To THE EpiTor or ENGINEERING. 
Srr,—In your number of the 14th inst., at page 136, I 
notice your correspondence on the durable cog. A practical 
remark aA 7.7 be amiss, and also equally serve to en- 


In mortice gear the durability of the teeth depends 
principally on its companion. You will observe the pinion 
weidishesnasindas te beneianslnds aapulae emnstng’ maa. 
Ww accounts for the an wearing sur- 
face and also the longevity of the teeth. 

The bearing surface of each tooth will not exceed 4 square 
inches. The rolling surface of each tooth will equal about 
20 square inches, idering the diameters of the wheels 
and the FF wea being machine cut, more than one tooth 
will be taking the load, which will reduce the weight of 
165.5 lb. per inch of tooth considerably. 

I am, Sir, yours res: ally, 
W. RAaw.inson, 
Lynedoch-street, Greenock, N.B., February 17, 1879. 





AUSTRALIAN TELEGRAPHY.—The duplication of cable 
communication between Australia and is now a 
thing. A contract entered into by the Governments 
of Victoria and New South Wales with the Eastern Ex- 
tension, A’ ia, and China Telegraph yoga rom vey 
been ratified and formally executed. @ date when a re- 
duction of rates on press and Government messages is to 
come into force has not yet been fixed. 


Kine@’s CoLLEGE ENGINEERING SocreTy.—On Friday, 
Fe’ 14, Mr. J. 8. Perkins read a paper on ‘‘ Tram- 
ways’ at the above Society. In commencing his paper 
the patent gure a short account of the reasons which led 
to the introduction of tramways into towns for peanenger 
traffic, and the opposition which they encountered, e 
then compared the advan of tramways with those of 
omnibuses, and described the cars and various sections of 
rail as used in this country and in America; drawing at- 
tention to the superiority of some of the modern forms with 
a@ more rigid wal, ooee those commonly used, where the 
rail is laid on a continuous wooden sleeper. After giving 
the advan likely to be derived from the employment 
of steam other motive powers in place of horse power, 
and describing the various 8 which have been tried, 
the author discussed the relative merits of separate or self- 
contained steam cars, concluding with some remarks on 
the probable extension of famware for goods as well as 
for passengers on country roads likely to follow from the 
introduction of steam. After a vote of thanks had been 
passed for Mr. Perkins’ paper the meeting adjourned. 








154 


ENGINEERING. 


[Fes. 21,1879. 





LATHE WITH TRAVELLING CRANE. 


CONSTRUCTED BY MR. JAMES WATSON, ENGINEER, PHILADELPHIA. 


We illustrate, above, a peculiar form of gap lathe con- 
structed by Mr. James Watson, of Philadelphia. This 
lathe is of great capacity in proportion to its size. 
Measured as an ordinary lathe, it would be called, accord- 
ing to the American system of measurement, a 30 in. 
swing, turning 10 ft. 6 in. between centres, 2lin. over 
slide rest, and 48 in. in diameter by 21 in. long in the 
gap. The step at the back is removable, and the main 
spindle threaded to receive a face plate, so as to turn wheels 
9 ft. in diameter, and the headstock is provided with 
three changes of back gear so as to reduce the speed from 
800 revolutions per minute down to about one. 

One of the most noticeable and probably one of the 
most meritorious features about the lathe is the arrange- 
ment by which the change usually necessary to make 
in using the ordinary gap lathe is avoided. Ways are 
cast along each side of the gap and planed up in line 
with the top of the bed. Brackets bolted to the slide rest 
take a bearing on these ways when the slide rest tra- 
verses the gap, giving the slide probably as rigid sup- 
port as isgiven by the loose pieces such gaps are usually 
bridged over with. The possibility of gaining absolute 
alignment between the upper and lower ways may be 
questioned, but it ought not to be more difficult than 
securing the same thing with the loose pieces, and there 
is this in its favour, that when it is once secured, it is 
done for all time, while the loose pieces are liable to lose 
their fit by use. 

This lathe differs from others in the manner in which 
the cross slide and compound rest is guided. The cross 
slide runs upon two inverted AA the same as the main 
slide of the New England lathes, a plan that has less to 
justify it, we think, than the use of the same arrangement 
for the main slide. The moving piece is larger in pro- 

ortion to its width, and there is a difficulty in gibbing 
it down which the designer has not overcome quite satis- 
factorily. The tool post is unusual, inasmuch as the 
tool may be secured by the one screw asin the usual 
American practice, or by two screws in a manner re- 
sembling the English practice, only that the tool passes 
through the mortice in the tool post in either case. 

As will be seen, this lathe is fitted with a travelling 
crane for lifting work into itself, one worm gear serving 
to raise the weight, and the other to raise, and lower the 
boom ; shifting a clutch from one to th») other enables the 
crane to be operated with one handle. The boom both for 
strength and convenience should, however, have been 
curved up instead of down, and the bent lever arrange- 
ment for attaching the boom chains is very bad, other- 
wise the crane is a good one, and no doubt will prove a 
great convenience. 

The lathe on the whole is, for the purpose intended, a 
good job, and for shops of moderate size, and in small 
cities and villages where the large tools cannot be sup- 
a this semi-universal machine will prove of great 
value. 
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DOUBLE-ACTING PUMPING ENGINE. 

THe pumping engine which we illustrate on page 158 

of the present number and by detail views on the opposite 
page, is one of a pair of engines working the pumps 
in the Francis Joseph shaft at the coal mines of Bushtie- 
hrad, Bohemia. The two engines are almost exactly alike, 
the only difference being in the diameter of the cylinders. 
The first engine, which was erected some years ago, 
a diameter of 59fin., the cylinder being steam-jacketted, 
whereas the second engine (shown in our engravings) is 
somewhat larger, its diameter having been inc to 
65} in. by omitting the steam jacket. The distributing 
gear, however, is exactly alike in both engines. 

It was originally intended to use also both engines 
combined for driving a ‘‘man-engine,” which plan, how- 
ever, was abandoned afterwards, as the dimensions of the 
shaft had to be reduced in the depth, and did not permit 
the use of a“ man-engine.” So the engines are used for 
pumping purposes only. The heavy pump rods are 
balanced by a “ hydraulic balancer,” which works with a 
pressure of about 24 atmospheres maintained by a suitable 
accumulator. 

Proceeding now to the description of the engine itself, 
we turn first to the cylinder. It has been mentioned 
already that there is no steam jacket in this engine, the 
cylinder being, however, carefully enveloped to prevent 
any loss by radiation. The steam passages are not con- 
tained in the body of the cylinder (which is a plain cast- 
ing), but are situated in the upper cover and in the rect- 
angular baseplate, on which the cylinder stands. A 
small circular cover in this plate bears the stuffing-box, 
the construction of which is clearly shown in the illustra- 
tion. This mode of constructing hanging stuffing-boxes 
is certainly preferable to that where an ordinary upright 
stuffing-box is simply turned upside down. 

The clearances in this engine amount to 3.6 per cent. 
of the volume swept through by the piston, and are made 
up thus: 

c. in. p. cent. 





Steam passages, about a . 8,340 = 08 
Clearances in cylinders on «- 11,820 = 2.8 
Total inn ... 14,660 = 3.6* 


the volume of one stroke being 401,210 cubic inches (with 
a length of stroke of 9 ft. 10} in.) 

As will be seen from the engravings, there are double 
steam ports in order to reduce the stroke of the slide 
valve, each port presenting an area of 2x 12—24sqnare 
inches; the total area of 48 square inches is to the piston 
area as 1 to 70, which proportion is justified by the slow 
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“4 ttt LA 


THUAN) 
eT WATT IT 


“ii 


speed of the engine.* The slide valves travel on special 
plates, which can be easily removed and replaced by new 
ones, when they are worn out. As to the slide valves 
themselves, there is nothing peculiar about them, except 
that they are balanced by a displacement ring (or piston) 
on their back. The area of this ring being about 
214 square inches bears the proportion of 2.3 to the area 
of the exhaust cavity, or of 0.7 to the total valve surface. 
It is scarcely necessary to mention that the back of this 
ring is in connexion with a steam trap, and thus nearly 
under atmospheric pressure. 

The steam pipe, as well as the exhaust pipe, has a 
diameter of 10 in. and an area of 784 square inches, equal to 
dxth of the piston area, or rather more than 60 per cent. 
in excess of the admission ports. Both engines have a 
common steam pipe, and also a common exhaust pipe of 
12in. in diameter, being about three-quarters of the 
aggregate area of the respective branch pipes. 








The chief point of interest, however, is the distributing 
gear. In order to understand it, it will be necessary to 
study the engravings on pages 155 and 158, the following 
description of its action serving only as a guide to the 
reader. The first thing to be borne in mind is that there 
are two distinct motions in the valve gear, one (con- 
tinuous) derived from the engine directly, and one given 
to the valves by 4 small auxiliary steam engine. 

As to the first motion, it is produced by the rod A, 
which being attached by the connecting rod C to the lever 
D moved by the crosshead, travels up and down with the 
piston of the engine, but at a reduced stroke of 29in. This 
rod A bears two fixed pieces B B (see Fig. 3), which, by 
striking the collar E, hung between two equal levers F F, 
move these levers up or down as the case may be. The 
pieces B B are fixed on the rod A in such a way that when- 
ever the piston (and consequently also the rod A) isateither 
the top or bottom of its stroke, the levers F F are brought 
to a horizontal position, that is to say, they are set at 





* In the first engine the above proportions are : 
per cent. 
Steam passages : sid “on ide - 1.0 
Clearances in cylinder oié we wo 28 


Total oe ee 














* In the first engine the area of the steam passages 18 
the same, its proportion to the piston area being, however, 
th. With the slow speed of these engines, and the ports 
all open at the beginning of the stroke, no difficulty has 
same enpeuienaed even with the reduced proportion of 
in 
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valves into this position is the duty of the rod A, all other 
motions of the valves being derived from the auxiliary 
steam engine before mentioned. 

It will be well perhaps to remind the reader that in 
the position shown in the engravings the levers F F are 
free to move upwards (being only prevented from going 
down by the piece B), whereas the reverse is the case 
when the piston is at the bottom of its stroke. 

The auxiliary steam engine (see Fig. 2) consists of a 
small steam cylinder 12 in. in diameter, fitted with a dis- 
tributing slide valve and a second valve, which we shall 
call the “ admission valve,” travelling on the back of the 
former. A third auxiliary valve will be mentioned here- 
after. The stroke of the piston of this small engine is 
94 in.; the piston rod R is very long, and carries at its 
upper end the piston of an air brake Q, of the same dia- 
meter as the steam piston P, viz., 12 in. Half-way be- 
tween both pistons the rod R is enlarged into a sort of 
crosshead L moving between guides, . 

As now one of the levers F has a second arm M, the 
pin of which passes through the crosshead L, any moti 
of the rod Ris transmitted in an opposite direction to the 
valve rod i¢ by means of the levers M, F, and H. It is 
also evident that when the rod A, at the.top of its stroke, 
moves the levers F F to a horizontal position, this motion 
is transmitted by M also to the rod R, setting the pistons 
P and Q to: half stroke, leaving them however free to 
move down to the end of their stroke, This downward 
motion would be brought about by the steam entering 
above the piston P, and we shall therefore next examine 
the valve gear of the auxiliary engine, in order to see 
what must occur to admit steam in the proper way. 

To the connecting rod C is attached another rod N (see 
Fig. 1), the other end of which is connected with the lever 
a’, this lever accordingly going up and down in the same 
way and to the same extent (29 in.) as therod A. When 
the piston of the engine* has reached the top of its stroke, 
the lever a’ is also in its highest position (as shown in the 
figure), and as the distributing valve of the auxiliary 
engine, through the rod ¢, is connected with the other 
arm a of the lever a', this valve is brought into its 
lowest position, opening the top passage for admission. 

Steam would therefore be admitted above the piston 
P, if the port in the distributing valve were not 
itself covered by the admission valve before mentioned, 
ascan be seen in Fig. 2. This admission valve (re- 
sembling an expansion valve) is connected by the rod 
s with the lever k, the right arm &! of which carries a 
weight W,, whereas to the end of the left arm & an ordi- 
nary cataract pump 4 is also attached. In the position 
shown in Fig. 2 the piston of this cataract pump is at the 
top of its stroke, having been drawn up by the action 
of the weight W,. In consequence of this the admission 
valve of the auxiliary engine is held in its upper posi- 
tion, shutting up the entrance. 

We must turn now our attention toa rod dd, which 
moves in a vertical direction, and carries at its lower 
extremity a weight Ws. A collar c, connected by the 
rod 6 to the end of the lever a, slides freely on the 
rod d, whereas the arm e is made in one piece with d 
Through a hole in this arm the piston rod of the 
cataract pump passes freely, its motion being only 
limited by the fixed collar m. In the position shown 
the piston rod of the cataract is drawn upwards by the 
action of the weight W,, and ptathmostroas it is pushed 
down by the weight W;, which, through the aim e 
resting on m, acts also upon the cataract piston rod. 
Now, all parts are proportioned in such a way as to 
make the down pull double the force that draws the rod 
upwards, and thus the piston of the cataract pump 
must move down pre by half of the action of Wg, 
whereas the other half goes to overcome the resistance 
of W, raising up this weight. This downward motion 
of the cataract goes on with more or less speed ac- 
cording to the position of the valve o, which controls 
the passage of the oil. 

Now, by the downward motion of the lever &, the 
admission valve of the auxiliary engine is also pushed 
down, opening the port of the distributing valve, and 
admitting steam above the piston P, which goes down 
accordingly, communicating its motion through M and 
HH tc the main slide valves, which in their turn 
open the steam ports at the upper end of the main 
cylinder and the exhaust yous at its lower end. At 
the same time the levers F F are raised to their highest 
position, where they remain stationary.f 

The piston of the engine now begins to descend, and 
simultaneously the rod A and the lever al move down- 
wards. The other end a of the lever a! is therefore raised, 
causing the rod 6 and the distributing valve of the 
auxiliary engine to ascend. 

The reader will remember that the rod dhad gone down 
before together with the cataract piston rod, the collar c 
therefore cannot slide freely upwards on d, it must, on 
the contrary, take hold of the arm ¢, and raise in this way 
the rod d together with the weight Ws. As soon as 
by this upward motion of the arm e the pressure of 








* Whenever the term ‘‘engine’’ occurs, it means the 





“ half stroke.” Both levers F (forming in fact one lever) 
are keyed on the shaft G G resting in the bearings K K, 
and carrying two other levers H 


upon a small crosshead J moving in guides and 
with the valve rodsii. Whenever the levers F F are 
brought to a horizontal position, the valves are moved by 
the levers H H to their neutral position, closing all ports, 


so that steam can neither enter nor escape. 


forged in one piece 
These levers H H, by a pin passing through them, act 











moin engine, the small one being always distinguished as 
+ It may here be mentioned that the small arm f has to 
— to balance the weight of the slide valves 
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the weight Wy is taken from the collar m, the weight 
W, begins to draw up the piston of the cataract pump, 
which motion however goes on slowly on account of the 
resistance of the oil. 

When the piston of the engine approaches the bottom 
of the cylinder the upper piece B on the rod A strikes the 
collar E and brings the levers FF, HH, M again intoa 
horizontal position, the valves of the main engine and the 
piston of the auxiliary engine attaining thus central 
position as before, whereas the lever a will have raised 
the distributing valve of the auxiliary engine so as to 
open the lower admission port, without, however, admit- 
ting steam on account of the admission valve having not 
yet finished its upward stroke. 

Thus all parts remain at rest again (except the ad- 
mission valve), until the slowly falling weight W, has 
raised the admission valve so far as to admit steam below 
the piston P, when by the upward motion of this piston 
the slide valves of the main engine are moved, and steam 
enters below the main piston, while the upper part of the 
cylinder is placed in communication with the exhaust. 

It is unnecessary to follow the motions further, as no 
new parts are brought into play, and the explanation 
already given will perhaps enable the reader to study the 
action of the gear by himself, The chief points to be borne 
in mind are: 

1. That the levers F F H H M, the piston P (to- 
gether with Q) and the main slide valves are brought 
into their central positions at the end of each stroke by 
the engine itself. 

2. That the distributing valve of the auxiliary engine 
is moved continuously and directly by the main engine. 

8. That the admission valve of the auxiliary engine 
is moved by the action of the weights W, and W,, regulated 
by the resistance of the cataract pump in such a way 
that when the main piston is at the top this admission 
valve is pushed down by the difference of the action of 
W, and W,, whereas when the main piston is at the 
bottom, the admission valve is drawn upwards by the 
action of W, alone, W, being raised by the lever a to be 
ready for the next action. 

These points being borne in mind, the reader will find 
no difficulty in deciding any question as to the action of 
the distributing gear. 

Finally, there remain to be noticed some minor details 
of the engine. 

For the admission of steam to the valve chests, slide 
valves qq are provided, which are opened or closed by 
turning the valve rods, these rods being screwed into 
fixed bearings x x. Similar valves p p, moved in the same 
way, serve to throttle or to shut up the exhaust, should 
an increased resistance be required. In the steam chest 
of the auxiliary engine a third valve w (Fig. 4) will be 
observed. This valve, moved by hand, serves to admit 
steam to the cylinder independently of the automatic 
valve gear. A similar valve should always be provided 
in powerful valve gears of this kind, for it may occur 
that the engine accidentally stops in an improper position, 
and then it becomes necessary to start the valve gear by 
hand to prevent a breakdown. As to the air brake Q, 
serving to relieve the valve gear from sudden shocks, no 
remarks are necessary, as its arrangement with the 
* valve” formed by four small pistons is clearly shown in 
the engravings. 

The two engines, of which one has been described, were 
designed and built by the Machine Company, formerly 
Britfeld, Danék, and Company at Prague, and have 
worked satisfactorily since their erection. 


PASSENGER LOCOMOTIVE ; BELGIAN 
STATE RAILWAYS. 

We give this week a two-page engraving of a ten- 
wheeled passenger locomotive constructed for the 
Belgian State Railway by the Compagnie Belge pour la 
Construction de Machines et de Matériels de Chemins de 
Fer, of Brussels, of which firm M. Charles Evrard is the 
managing director, This locomotive will be remembered 
by many of our readers as having been shown in the 
Belgian Section of the Paris Exhibition. We shall in an 
early number publish further views of this engine, and 
until then we postpone our description. 











STEEL SHIPBUILDING. 

Ever in the front rank in respect of its two great in- 
dustries, the Clyde has now heartily entered into the 
spirit of ‘‘ the new departure” in the applications of steel 
in shipbuilding. A sailing vessel of some 1600 or 1700 
teas built of steel was lately turned out by Messrs. James 
and George Thomson ; the same firm last year built of 
the same material the splendid Clyde passenger steamer 
Columba in succession toa trio of Jonas, whose fame ex- 
tended all over the civilised world; Messrs. Robert 
Napier and Sons have in hand two steel steamers for 
the Pacific Steam Navigation Company; there is also 
a steel-built steamer in progress in well-known yard 
of Messrs. William Denny and Brothers, Dumbarton, and 
one or two others might also be noticed. But the latest 
development in connexion with this particular sub- 
ject is the closing of a contract by the last-named 
firm to build in steel a merchant steamship of some 4000 

ons gross measurement for the Allan Line, the owners 





being Messrs. J. and A. Allan, Glasgow. When we 
consider the great amount of doubt that has been 
thrown upon steel when it has been proposed to sub- 
stitute it for iron in <p ee and in the con- 
struction of boilers, Messrs. certainly deserve very 
much credit for so boldly stepping out of the beaten 
track, and resolving to give the new material every fair 
chance to have its suitability put to thetest. They were 
doubtless greatly encouraged to do so by learning how 
successful the Steel Company of Scotland had been 
during the last year or two in producing soft steel of 
such a high quality as to stand even the severest tests 
suggested by the experiments in connexion with the Ad- 
miralty, the Board of Trade, Lloyd’s Committee, the 
British Association Committee, and other bodies. 

The steamer to which we more especially refer in these 
remarks, and whose construction and performances will 
certainly excite a great amount of interest, both at home 
and abroad, and amongst practical and scientific men 
alike, is to be a large awning-decked vessel of, as already 
stated, about 4000 tons, and specially designed for carry- 
ing heavy merchandise across the Atlantic, as also live 
cattle from Canada, Monte Video, and Buenos Ayres and 
the United Kingdom. The moulded dimensions of the 
main deck are 385ft. by 42 ft. by 27 ft. lin.; and the 
awning deck is to be in the form of a citadel, 7 ft. in 
height, and extending some 321 ft. over the length of the 
vessel. Amongst other special features in her construc- 
tion this vessel is to have a double bottom extending 
from end to end, which will add greatly to her safety, 
and will also enable those in charge of her to ballast her 
at any time that may be required. This double bottom is 
constructed on a plan which originated upon the east 
coast, and has been known there as that of Austin and 
Hunter. As originally designed, the plan had bracketed 
floors and solid floors alternately every 8 ft., and was a 
very mixed construction. Messrs. Denny and Brothers 
have considerably simplified, improved, and strengthened 
it by introducing a bracketed floor every 4 ft., while the 
intermediate frame angles have no floors. The system 
of construction in question has thus been so modified by 
the Dumbarton firm as to have been rendered suitable 
for vessels of large size. Messrs. Denny also cut the 
frame at the bilge, as in M‘Intyre’s system, which was 
not done by Austin and Hunter. 

Another feature to be introduced into the construction 
of this new Allan liner is the abolition of hold beams, 
which are to be superseded by the employment of deep- 
plated frames placed 12 ft. apart, thereby increasing the 
stowage of the vessel, and greatly improving the rigidity 
of the structure. 

Including the side plates of the ballast tank, the vessel 
will have no fewer than nine deep keelsons attached to 
the outer bottom below, and the inner bottom above. 
The central keelson plate will go right down to the 
bottom of the keel, which is to be formed on the well- 
known side-bar principle, and in which the amount of 
rigidity is very great. The result of the construction 
just indicated is that when looked at longitudinally, the 
bottom forms a compact and well-bound mass of box 
girders running continuously from end to end of the 
vessel; and that when looked at transversely, the floors 
form a series of lattice girders with strong top and bottom 
members, which are themselves formed by the outer and 
inner bottoms, Of course it must be admitted that there 
is in this arrangement a strong resemblance to the system 
of bracket framing adopted in Her Majesty’s ships of 
war. The construction, however, is simpler and cheaper. 
Messrs. Denny and Brothers have already adopted this 
method of construction in no fewer than six vessels— 
three of which are now on the stocks, while one was 
lately launched, in addition to which there are the Chilha 
and Chupra, two steamers which lately left the Severn— 
and the new Allan liner will make the seventh. Three 
other firms on the Clyde tendered for this vessel, but it 
is understood that Messrs. Denny received the order for 
its construction very much on the ground of the novel 
mode of building pursued by them, and which is un- 
doubtedly one specially suitable to the economical em- 
ployment of such thin plates as may be used when steel 
is the material of construction. 

The deep plate frames, which occur every 12 ft., are 
to be formed of plates with heavy double reverse angles on 
the inner edge, and form the principle source of trans- 
verse strength. The distribution of the transverse 
strength is, of course, effected by the stringers. Each 
of these deep plate frames has a specially deep beam with 
extra deep beam knees to take the rack of the section. 

It is estimated that there will be about 1600 tons of 
steel in this vessel, all of which is to be supplied by the 
Steel Company of Scotland—plates, beams, angles, &c. 
We ought also to mention that the vessel will be rivetted 
with steel rivets. She will be supplied by Messrs. Denny 
and Co. with compound surface-condensing engines, the 
cylinders having diameters of 51in. and 88 in. respec- 
tively, and the length of the stroke being 54in. There 
are to be two double-ended boilers, which are also to be 
made of steel, and to be steel rivetted. 





RalLways IN JaPAN.—Thereare at t 663 miles of 
— in Japan, 142¢ a more Nae, wap Pop i with 
further miles have been projected. yg eon tine 





TORPEDO WARFARE. 

Some interesting advances in the arrangements of 
vessels designed for carrying on torpedo warfare have 
recently been effected by Messrs. Yarrow and Co., of 
Poplar, in a torpedo boat of the first class which they 
have just built for a foreign Government. The altera- 
tions have a twofold character, and have reference to the 
arrangements for discharging the products of combustion 
from the furnaces and to those for steering the vessel. 
In brief, the boat is funnelless and is fitted with two 
rudders, oneat each end. The main object in dispensing 
with the funnel is to enable the torpedo boat to approach 
as closely as possible to an enemy without being seen, a 
secondary, although still an important, consideration, 
being the absence of any obstruction to the steersman’s 
view, such as a funnel on the deck forms. The outlets 
for the smoke in the present instance are two ports, one 
on either side of the vessel, and placed about 15 ft. in 
from the bow. Each of these smoke ports is fitted with 
a damper, and the smoke can be turned through either 
or both of the passages as desired. The control of these 
dampers is given to the steersman, who, on approaching 
an enemy, can direct the products of combustion through 
the port on the unexposed side of the vessel. The emis- 
sion of smoke by day and of the glare and sparks by 
night, are thus to a very large extent hidden from view, 
thus enabling the torpedo boat to approach very closely 
to the point of attack without being observed. The out- 
lets are fitted with valves which are kept open by the 
blast, but which close on being struck by a passing wave. 
Should the vessel have to be out when a heavy sea is 
running the ports are closed, and a spare funnel is rigged 
up on deck, on one side. Although the smoke ports are 
placed forward in this boat it is intended to place them 
aft in the next that Messrs, Yarrow build, as that arrange- 
ment will obviate the inconvenience at present experienced 
by those on deck from the heated gases of the furnace 
being carried along it at times by the wind, when on a 
certain course. 

The steering powers of the boat have next had atten- 
tion from Messrs. Yarrow, and they have sought to 
remedy the defective steering common to these large 
quick-speed torpedo craft. To do this they have fitted 
the vessel under notice with two balanced rudders, one 
of which is placed forward about 10ft. from the bow, 
and the other in its usual position at the stern with the 
screw abaft it. Both rudders are connected with the 
same steering gear, and are operated simultaneously by 
one steersman. The forward rudder can be raised out 
of the water into a casing inside the boat if desired by 
means of a screw cut on the upper part of its spindle. 
By the same means, by unscrewing the collar on the 
spindle, the rudder can be released and dropped into the 
water should the necessity arise for so doing, by reason 
of its becoming fouled or damaged. In trials which have 
been made with this double-steering system, it has been 
found that when steaming at high speeds the forward 
rudder has a much greater control over the motion of 
the boat than the stern one. The reason assigned for 
this is that at high speeds the forward part of the boat 
is lifted out of the water, and consequently offers a 
diminished side resistance to any turning motion brought 
to bear upon it, 

The boat in which these improvements have been in- 
troduced is 86 ft. long by 11 ft. beam and 5 ft. 6 in. 
deep. She is fitted with compound engines having 
22 in. and 124 in. cylinders, with a 12 in. stroke, and 
making 520 revolutions per minute when running at full 
speed. She is propelled by a three-bladed screw 5 ft. 6 in. 
in diameter and 5ft. pitch. She made a trial run on 
Saturday last, upon which occasion several gentlemen 
interested in torpedo warfare were present. Although 
not tried for speed she was estimated to run at 16 knots 
an hour with easy running. Put through some revolutions 
with the view of testing her steering powers, the double 
rudder arrangement was found to answer exceedingly 
well, and she turned a circle of a diameter equal to about 
three times her own length in 1 minute 15 seconds. She 
turned equally well with either rudder, and in fact her 
steering capabilities were satisfactorily demonstrated. 
The new arrangement for carrying off the smoke also 
answered very well, with the exception that the heated 
gases occasionally swept the deck, which objectionable 
peers 4 will be avoidedin future boats, as we have already 
sta 

In addition to the modifications we have described, 
Messrs. Yarrow have yet another to which we will next 
direct attention, namely, a new design of safety boiler. 
This, however, is not yet fitted in a torpedo boat, but 
was in the launch by which the party was conveyed by 
Messrs. Yarrow from the Temple Stairs to the torpedo 
boat at Poplar. It is a tubulous boiler, and consists first 
of a couple of vertical wrought-iron tubes about 4 ft. high 
and 6 in. in diameter and placed outside the furnace. The 
furnace casing is 4 ft. high by 3 ft. square in plan. Into 
one of the vertical tubes fifteen horizontal tubes 1 in. in 
diameter are tapped and are carried thence into the fur- 
nace. Here each tube passes backwards and forwards 
eight times, the bars formed by the tubes breaking line, 
so that the heat freely around all. ‘The end of 
each tube is passed out thro the furnace casing, and ia 
tapped into the second large vertical tube or receiver. The 
first receiver contains water which a feed and a circu- 
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lating pump deliver into it. This water is forced 
through the fifteen sets of independent horizontal tubes 
and issues into the second receiver in the shape of water 
and steam. The steam is taken off at the top to the 
engines, whilst the water falls to the bottom, where 
the circulating pump takes its suction, so that whilst the 
engine is at work a complete and rapid circulation of 
water takes place through the boiler. Safety is insured 
by a far greater proportion of water being supplied to 
the tubes than can be raised into steam. This boiler has 
the advantage of being practically safe, inasmuch as in the 
event of any section giving way it can be quickly 
isolated from the rest, and the working of the boiler con- 
tinued. It has the further advantage of occupying a 
very small space as compared with its power; of being 
economical in first cost, and of having all its parts very 
accessible for repairs. Steam is raised in it very rapidly, 
as evidenced on Saturday, when 801b. steam was 
obtained in seven minutes from the time of lighting the 
fire. That time would have been increased by a couple 
of minutes or so had the boiler been quite cold at start- 
ing, which it was not, but slightly warm. Steam was 
amply kept during the run down the river, and the 
efficiency of the boiler was so far well proved. On the 
whole the recent modification made by Messrs. Yarrow 
are indicative of progress and promise to answer well in 
practice. 








THE ALBO-CARBON LIGHT. 

We need hardly remind our readers that numerous 
unsuccessful attempts have been made at yarious times 
to enrich ordinary coal gas by the aid of volatile oils. 
Upon the present occasion we have to place before them 
particulars of a process having the same object in view, 
but which is so far dissimilar in that it deals with a 
solid substance instead of a liquid oil. The invention 
has been brought into its present practical shape by Mr. 
James Livesey, C.E., of No. 9, Victoria Chambers, West- 
minster, in conjunction with Mr. Kidd, with whom it 
originated. The process consists in the employment of 
a substance called albo-carbon, which is the solid 
residuum of creosote. This material is moulded into 
the form of candles, which in large lamps are placed in 
a metallic vessel or receiver near the gas burner. The 
albo-carbon is warmed by the heat of the burning gas, 
the heat being transmitted to the receiver by a metallic 
conductor. Upon the albo-carbon being raised to the 
necessary temperature it volatilises, and as the coal gas 
passes over it to the burner, its vapour becomes mingled 
with the gas, and greatly raises its illuminating power. 
Of course when first lighted the coal gas only is burned, 
but in a few minutes the albo-carbon communicates its en- 
riching vapour to it. The only alteration necessary to 
the present gas fittings is the vaporising chamber, which 
is of simple construction, although at present the details 
of the various arrangements necessary for the different 
kinds of lights have not yet been fully worked out. This 
invention is now being tried experimentally in the 
eastern section of the Westminster Aquarium, where we 
recently examined it, and found it to afford a marked 
improvement upon the ordinary system of gas illumina- 
tion, although a smaller number of burners is being used. 
Tried alternately with ordinary coal gas, the higher 
illuminating power of the albo-carbon light was very re- 
markable. It appears that there are 200 burners fitted 
at the Aquarium with the new light, and these success- 
fully take the place of 500 ordinary gas burners pre- 
viously in use. The illuminating effect is stated to be 
doubled, with an additional advantage as regards 
economy. The reduction of cost arises from the smaller 
quantity of gas consumed with the albo-carbon process 
than without it, and the very small cost of the enriching 
material. According to our information, 1000 cubic feet 
of ordinary gas as generally used will, by the albo-carbon 
appliance, give as much illumination as 3000 cubic feet 
without it, and the cost of the material to produce 
this result is only 1s. 6d. Experiments have been 
made with this light by Mr. T. W. Keates, the 
consulting chemist to the Metropolitan Board of Works, 
who reports very favourably upon it, as does also Dr. 
Wallace, of Glasgow, who has obtained some very satis- 
factory results with it. It is claimed for the albo-carbon 
material that it is perfectly inexplosive, safe, and portable, 
that it causes no obstruction and leaves no residuum, 
and that the receivers can be replenished almost indefi- 
nitely without any accumulation taking place, so perfect 
is the evaporation of the albo-carbon. On the whole the 
display at the Aquarium speaks greatly in favour of the 
new process of gas enrichment which, other things being 
equal, bids fair to find its way into practice. 





GREAT NORTHERN TELEGRAPH ComPANY.—The num- 
ber of messages forwarded over the lines of the Great 
Northern Telegraph Company in January this year was 
54,990, as compared with 43,567 in January, 1878 


FrEncH Raruwayrs.—The extent of line in tion in 
France at the close of September, 1878, was 13,7208 miles. 
The pea gory extent of line in operation at the close 
of | _ +e. It follows that new lines were 
ry in mee in the year ending September, 1878, to 
the extent of 508} miles, * — 





TWIN SCREWS. 
To THe EprTror oF ENGINEERING. 

Srr,—I have read with much interest the article on 
“Twin Screws” in ENGINEERING of the 14th inst., and 
have to thank you for the appreciative notice of my 
on that subject published in the last volume of the 8- 
actions of the Institution of Naval Architects. The rela- 
tive efficiency as propellers of single and twin screws is a 
matter requiring further investigation, especially when 
applied to mercantile steamships, and the results of an 
analysis of the experience hi obtained in twin-screw 
merchant ships cannot but prove advantageous, if some 
competent ve endatidee the task. My work has 
necessarily limited almost exclusively to ironclad ships 
of war, in which, no matter what reasons may be assigned 
for the fact, twin screws have been proved more efficient 
propellers than single screws. The explanation given in 
my paper of the causes of this superiority embraces that 
feature upon which your article lays great stress, viz., the 
very great engine power which has to be put upon a screw 
of limited diameter to drive the ironclads at speeds of from 
14 to 15 knots. Furthermore I took some pains to illus- 
trate the different conditions involved in the propulsion of 
existing merchant steamers, drawing attention pointedly 
to the fact ‘‘ that single screws of ample diameter in pro- 
portion to the engine power can be employed efficiently on 
the working draughts of water.’’ Up to this point your 
article endorses the views expressed in my paper ; but you 
take exception to'my opinion that ‘‘at no very distant 
date swift mail steamers will be subject to conditions 
resembling those sketched for the Iris.”” My chief object 
in now writing is to refer to this exception, and to attempt 
to sup’ my opinions, which was expressed after very 
careful consideration of the difference between the pro- 
pulsion of war ships and merchant ships. 

Permit me to quote in full the passage from which you 
have taken a sentence. ‘‘ Looking to the future of steam 
navigation one thing seems certain: greater speeds will 
attained than are now reached. It does not seem probable 
that any considerable increase in fineness of form, or in 
the ratio of length to breadth, will be adopted in future 
ships for the purpose of diminishing their resistance. Any 
increase in the load draughts is also clearly inadmissible. 
The greater oe pn which will probably be used in 
the swifter ships will consequently have to be applied on a 
limited draught of water; and hence it may be anticipated 
that at no very distant date the designs of swift mail 
steamers will be subject to conditions resembling those 
sketched for the Iris. The extreme draught (of water) 
will not permit the use of a single screw with a disc area 
bearing anything like the ordinary ratio to the indicated 
horse power.’’ There can be no question of the meaning 
of this passage. My intention was certainly not to express 
any anticipation of the coming of a time when swift mail 
steamers would have given to them anything approaching 
the ratio of horse power to displacement which obtains in 
the Iris, on the contrary, in another passage I dwelt upon 
the exceptional character of that vessel. But what I did 
intend to express was the opinion that growth in speed, 
with limitation of draught, might before very long cause 
merchant steamers to come under conditions resembling 
those of the Iris in the feature of limited and probably in- 
sufficient diameter of single screws in proportion to engine 


wers. 
Peake, for instance, your exemplar-ship, the Britannic, 
which ee about 5000 horse power for her speed of 15 
knots. You state that she has asingle screw of about 23 ft. 
diameter ; I presume her mean} load draught at starting 
on a passage may be taken as about 26 ft., and that she 
lightens about 3} ft. to 4 ft. on the passage across the 
Atlantic. If it were desired to add a knot to her speed, 
her engines would have to develop about 6000 horse power ; 
if 17 knots were aimed at about 7500 horse power would be 
needed ; if 18 knots, at least 9000 horse power. But these 
largely inc powers would have to be applied on a screw 
of about the same diameter as the present screw ; in other 
words, by the increase in speed the mail steamer would be 
brought under conditions as disadvan us to the use of 
a single screw as those obtaining in the ironclads of 14 or 
15 knots speed. Of course I am aware that such an in- 
crease in speed may be considered improbable ; but alread 
Messrs. Elder have in hand a Transatlantic steamer, whic 
is said to be designed to average 154 to 16 knots on the 
and which is to have 6000 horse power. It is 
not likely that the rivalry which has continued so long is to 
cease with the construction of the new vessel, or that 16 
knots is the upper limit of s likely to be attained. 
Such an increase in speed as is mentioned above re | be 
accompanied by changes in the forms and dimensions of the 
ships, or by improvements in marine engines, or other 
c which need not be mentioned. But without 
attempting the prophetic réle, my argument is simply 
stated in the sentences quoted above, ‘‘ ne ore —— 
powers will have to be applied on a limi draught of 
water,’’ and no single screw will be found which, without 
a departure from established practice, will be able to 
economically utilise the larger powers. : 

The most promising field for a trial of twin screws in 
merchant steamers appears to me to be found in the Aus- 
tralian line, where long continuance of high-speed steamin 
is a necessity, the consumption of coals, &c., large, an 
variations in draught considerable, and where even a 
moderate economy of power would be helpful. I yet hope 
to see this experiment tried, and have no doubt of its suc- 
cess if properly carried out; while the feeling of greater 
safety against total break down could scarcely fail to 
attract passengers. Another promising opening for twin 
screws, to. my thinking, lies in Transatlantic steamers of 
higher speeds than are now common—say 16 to 18 knots— 
if owners should embark on the construction of such 
vessels. 

In conclusion, I would remark thet I have purposely re- 
frained in this letter from any discussion of the relative 





advantages of single and twin screws as oy 
dogg A | Fey it ew yen y 
condition o e developmen great engine powers 
in vessels subject to the limitation of 26 ft. or 27 ft. draught 
of water. Much more might be said in favour of the use 
of twin screws even in as the Britannic, where 
the single screw can be made sufficiently to econo- 
mically utilise the power of the ines ; but I will not 
venture at present to trespass further on your valuable 
space, 
Lam, gentlemen, yours, &c. 
a ee 


February 19, 1879. 


, Waits. 





HEAVY ORDNANCE, 

At the meeting of the Institution of Civil Engineers, 
held on the 18th of February, Mr. Brunlees, Vice-Presi- 
dent, in the chair, the paper read was on ‘‘ The Construc- 
tion of Heavy Ordnance,” by Mr. J. A. Longridge, 
M. Inst. C.E. 

Nineteen years ago the same subject had been brought 
before the Institution by the author. In the present com- 
munication he proposed to examine the progress since made 
in gun construction at Woolwich, and especially referred 
to the official “‘ Treatise on the Constraction of Ordnance,’’ 
printed by order of the Secretary of State for War, in 
1877. After poin out that, in this treatise, it was ad- 
mitted that the true law of the distribution of tension was 
unknown to the Woolwich constructors, the author showed 
that the system adopted by them, and known as the 
system, was not based on scientific principles, and led to 
results both costly and unreliable. The true law connect- 
ing the pressures with the tensions was then demon- 
strated, first, in a homogeneous , and secondly, in 
a gun built up on the model of the 9-in. Woolwich 
gun (Mark III.), consisting of a steel tube and a thick iron 
jacket. It was shown by i ulations that assum- 
ing an internal pressure uf 24 tons _ square inch, the 
inner surfsce of the iron jacket would be strained to about 
17 tons per square inch, or 7 tons above the elastic limit of 
the material. This was with a shrin of reboth of the 
diameter. A Table was next given of the tensions of the 
iron jacket and steel tube due to an alteration in the shrink- 
age; and in another Table, the author showed the varia- 
tion caused by a change in the moduli of elasticity of the 
material. Assuming a shri of th of the dia- 
meter, and moduli of elasticity of 12,700 tons for iron, and 
of 13,330 tons for steel, the result of repeated firing on the 
9-in. Woolwich gun was investigated, from which it 
appeared that the effect was gradually to reduce the 
tensions of the iron jacket, and increase those of the steel 
tube, until finally the shrinkage was reduced to zero, and 
the gun became nearly a ho: us gun. Under these 
circumstances it was shown that, whilst the whole burst- 
ing strain to be resisted, with an internal pressure of 24 tons 
per square inch, amounted to 108 tons, the steel tube 
of 3§ in. thick supported 52 tons, and the iron jacket of 
12 in. thick only 56 tons. that the s tube 
was strained to 27 tons per square inch at the inner surface 
or 12 tons beyond its elastic limit. As a consequence, per- 
manent set took place, increasi with each successive 

ing, and finally the gun failed by the cracking of the 
steel tube. A similar investigation respecting the 81-ton 
gun showed that a like result would ensue. 

The author next gave the dimensions of a gun, built 
according to the true law, of the same calibre as the 81-ton 
gun, and showed that in it no ree of the material 
could ever be strained beyond 10 tons per square inch, 
with an internal pressure of 24 tons Ry square inch. 
After a few remarks on the combination of the longitudinal 
strain with the circumferential strain during explosion, 
the author described various types of heavy guns prgeens 
to be built on the system advocated by him in 1860. Those 
types were : 

1. A muzzle-loading gun of 20in. calibre, weighing 
150 tons, recoiling on its carriage. This gun would be 
30 ft.long in the chase, and would throw a solid shot of 
3000 lb. with a muzzle velocity of 1600 feet per second. 

2. A muzzle-loading 13 in. gun, mounted on an ordinary 


gun carriage. i E se 
8. A breechloading 13 in. gun, ig ak 45} tons. 
In conclusion, the author pointed out the great difference 
in cost between guns thus constructed and the Woolwich 
ms. In the Blue Book, entitled ‘‘ Army Manufactory 
tablishments,” printed on the 8th of April, 1878, the cost 
at Woolwich was given as follows : 
Per ton. 
10 in. guns of 18 tons ... ive ea £74 
ll 9” ” eS ae 80 
ee 66..--a00 oe sa 
at the same rate of increase a 150-ton gun would not cost 
less than 1801, per ton. By the author's system the cost 


of Per ton. 
2 on aba: as ly exceed .., bed ay 
in. muzzle- gun su 006 
And a 13.in. ence Lage se ose 50 





Maprip anp Crupap-Reau Ratuwar.—A new direct 
line from Madrid to Cinudad-Real will be opened for traffic 
next month. The plans of this line were approved by a 
royal decree bearing date October 5, 1877, the works were 
commenced in the course of the following month, and the 
whole line was completed by the cloze of December, 1878. 
The — of the line thus com A in thirteen months is 
1064 miles. M. Danderny, a Belgian, was the contractor 
engaged, and he has performed his part with energy. The 
cost of the new line, including rolling stock and a | 
station af ari. sally by the John, Osekerill Gorm 
were su rincipally by () mpany, 
Belgian, and the rolling}jstock by the Dyle Workshops 
Company. 
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PUMPING ENGINE AT THE BUSHTIEHRAD COAL MINES, BOHEMIA. 
(For Description, see Page 154.) 
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NOTICES OF MEETINGS. 

INSTITUTION OF CivIL ENGINEERS,—Tuesday, February 25th, at 
8 p.m. Discussion on “ Heavy Ordnance,” 

Tne SocreTy OF TELEGRAPH ENGINEERS. — Wednesday, 
February 26th, at the Institution of Civil Engineers. Council 
meeting at 7.15 p.m. Ordinary general meeting at 8 pm. Ad- 
journed discussion on Mr. Willoughby Smith's paper on “The 
Working of Long Submarine Cables,” and Mr. James Graves's 
paper on “Curbed Signals for Long Cables.” “A New Determi- 
nation of the Ratio of the Electro-Magnetic to the Electro-Static 
Unit of Electric Quantity,” by Professors Ayrton and Perry, 
Members. “ A Writing Telegraph,” by E. A, Cowper, M.LC.E. 
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PROVINCIAL SANITATION. 

IN preceding articles in the present volume, we 
have considered the sanitary state of the West 
Riding of Yorkshire, and incidentally that of por- 
tions of Lancashire, in each case dealing with 
manufacturing districts. We propose in the pre- 
sent article to draw more especial attention to one 
district connected in part with the remarks already 
made in regard to the report of Dr. Thorne on 
Dewsbury and adjacent towns. 

In our issue of March 27, 1874, the state of Ossett 
was described, but the following particulars as then 
furnished us by Mr. M. Paterson, C.E., may be ad- 
vantageously recapitulated, as connected with the 
recent report on the Dewsb district above 
referred to. In 1874 the estimated population of 
Ossett was 10,000 with an area of about 3100 acres. 
There was an entire want of proper drainage. 
Coupled with this, the whole of the then water supply 
was drawn from wells, public and private, sunk in 
the porous sandstone to a depth not exceeding 
15 to 20 yards below the surface. Consequently, 
the presence of typhoid fever could not be wondered 
at. The discharge of sewage into cesspools, on 
the surface of roads, yards, fields, &c., added to 
the danger, and in fact the population of Ossett had 
as their water supply a most imperfect filtration of 
every abomination that the refuse of man and 
animals could possibly afford. Added to this was 
the untreated refuse of manufactures, which, lying 





remote from the river, could only discharge their 
waste into rivulets, thus making pollution doubly 
polluted. The sanitary and commercial interests of 
the town thus suffered. For want of an adequate 
water supply, the removal of some branches of the 
woollen trade from Ossett was the consequence, 
and, perhaps, as in many other cases, this appeal 
to the pockets of the authorities had a better result 
than any previous appeal to their feelings for the 
sanitary condition of their fellow-creatures. We 
next turn to the recent return of the medical 
officer of health, Dr. Greenwood, in respect to the 

resent state of the Ossett district. It appears that 
Slag 1878 the authorities had a legacy of zymotic 
diseases due to their former neglect. Generally 
bronchial afféctions, heart diseases, diseases of the 
brain, whooping-cough, scarlatina, and diphtheria 
occurred, measles was superadded, so that alto- 
gether Ossett must have been a most unfavourable 
locality to reside in. That the picture is not over- 
drawn, the verbatim facts will show. 

‘Regular and systematic inspection of the district 
was continued throughout 1878. The scavenging of 
the township since midsummer was ceaselessly carried 
on under the direct control of the Board, 
with good and appreciable result. An accumula- 
tion of filth, however, only finding its parallel in 
the mythical stables of old, cannot be removed in 
the space of a year, and the herculean task remains 
as yet unfinished.” 

ere we find an instance of the previous gross 
neglect of the local authorities : 

‘ Qut-door conveniences have been multiplied 
and somewhat improved in construction, but fall 
very far short of what is required. Many of the 
newly-erected rye "pegs ¢ the old irregular ill- 
contrived aspect, and have been jotted down in 
defiance of all gradients, and with little or no regard 
to the preservation of a correct street line. 

“The infantile death-rate is still very high, 
doubtless arising from causes which have been re- 
viewed in former reports, viz., improper feeding, 
careless nursing, exposure, want of proper isolation 
during the prevalence of epidemics and excremental 
poisoning, arising from defective sanitary arrange- 
ments. Acute inflammatory diseases of the chest 
have proved very fatal, and there has also been 

reat mortality from brain disease. Epidemic 
Sccosen have carried off no fewer than 46 indi- 
viduals, viz., 27 children under 5 years of age, and 
19 oo above that period—11 during the firat 
half of the year, and 35 during the latter half; the 
most fatal time being the month of September, in 
which there were deaths from scarlatina, diphtheria, 
measles, diarrhoea, and enteric fever.” 

These diseases were rife throughout the year. 

In regard to dwelling houses, some improvement 
has been made in those oem | constructed, but 
unfortunately the old stereotyped pattern is simply 
that of one room on the ground, a cellar beneath, 
and a bedroom overhead. This, of course, results 
in the worst sanitary evils, and the morale of the 
place must suffer by want of Fs accomoda- 
tion. This exactly accords with the views expressed 
in respect to back-to-back houses, so common in the 
West Riding, in our previous articles. The condi- 
tion of the slaughter-houses in Ossett seems bad, 
with a few exceptions. In some cases the killing 
place is virtually a part of the dwelling house. The 
drainage is very — altogether wanting in 
some places, and when present, oe in 
every instance with the outer drains, unguarded by 
traps of any kind. As a rule the excrementitious 
matter and blood of the slaughtered animals are 
conveyed to the dungheap, and are left to decom- 
pose in the open air, producing, of course, noisome 
exhalations. In respect to privies, ashpits, &c., some 
improvements have been effected. But the old 
nuisance of these still largely continues. Many of 
the huge middens have di — During the 
last half-year ending December 31, 1878, no less 
than 1315 tons of ashes mixed with excrementitious 
matter were removed to the land as manure, whilst 
150 loads of cobble ashes and rough material were 
deposited in suitable places. 

ta Malcolm Paterson, C.E., of Dewsbury, whom 
we have already named, has been instrumental in 
improving the drainage of Ravensthorpe and Ossett 
during the last three years. In reference to the 
water supply of Ossett, which was described in our 
article of March, 1874, as simply abominable, Dr. 
Thorne, of the Local Government » in hi 


recently issued report, states that up to June, 1877, 
the whole was seriously contaminated, but Mr. 
Paterson has since secured an ample and whole- 


some supply by Megs, from the Batley corpo- 


ration. ve been laid capable of conveying 
560,000 gallons per 24 hoursto Ossett, insuring a 
constant service to every part of the latter district. 
The sewage works are rapidly —— g comple- 
tion, and they include by far the most populous 
part of the district; the ventilation of these new 
sewers has been carefully attended to by the engi- 
neer. But it is unfortunate that these new works 
do not include what are called private streets, It 
appears that at present the amount of so-called 
closet accommodation is very deficient in some parts 
of the district, there being as many as five or even 
ten houses to one midden-privy, 

While the extensive sewerage works are be’ 
constructed by Mr. Paterson, a temporary meth 
of dealing with this sewage has been adopted which, 
asit might prove of some advantage to districts 
similarly situated to Ossett, we give the following 
brief account of. ‘As the sewage issues from the 
main culvert it falls on aniron grating which has 
the effect of arresting any extraneous matters which 
may have floated down. The wisdom of this pre- 
caution is demonstrated by the fact that from this 
screen a stone of rags per week has already been 
removed. The current then passes against the 
wheel of a mixing mill, which gives a rotary 
motion to a cylindrical pan, in which quick lime and 
water are placed, in the proportion of five buckets 
of lime to 50 of water, and this is renewed about 
four times a day. This compound is then forced 
through a pipe, which is returned in such a manner 
as to allow its contents to fall in contact with the 
sewage before it passes into the tanks, thus partially 
discolouring, disinfecting, and precipitating it. 
By means of a stopcock the admixture can be re- 
gulated or suspended as the character of the liquid 
passing down seems to require. Of course the 
quantity of sewage varies greatly. The sewage 
next passes into the depositing tanks (which are 
= filled about every hour and a quarter). 

rom the extreme tank the overflow passes along a 
cemented open channel to the irrigation ground, 
over which it is distributed, After downward 
filtration the effluent water is finally discharged in 
the beck or natural watercourse. e effluent is 
free from animal impurity, clear, and bright, but 
slightly impregnated with mineral acid, doubtless 
derived from the refuse of ‘‘ extracting works,” in 
which large quantities of sulphuric acid are used. 
Considering the quantity of rags which 8 into 
the drains, a question arises as to the desirability of 
manufacturers placing some kind of grating on their 
premises, as a preventive measure. The settling 
tanks are drawn off every month or five weeks, and 
the thick deposit is then passed into the ae re- 
ceptacle, where it remains for about three weeks, at 
the expiration of which time it is sufficiently solid 
to allow of being dug out, and wheeled on to heaps 
for sale, The amount of deposit varies in each of 
these tanks. The first generally contains about 
2ft. in depth, the second 6in. or 8in., and the 
third 5 in.” 

In respect to the death-rate it is satisfactory to 
find that beneficial results are apparent. The total 
mortality for the year 1878 was 23.3, while in 
Ravensthorpe, to which we have already alluded, 
the improvements in sewage, &c., carried out by 
Mr. Paterson, show a more marked result. The 
death-rate in 1875, with untouched drains, was 
26.2, which was reduced to 17.5 in 1877. When 
the drainage was completed the death-rate fell to 
17.5. Surely these facts will teach the neglectful 
authorities of some districts of the West Riding 
of Yorkshire that their conduct has been little less 
than that involving manslaughter, and we trust that 
they will speedily be stirred up to a sense of duty, 
Pe it would be as well for the Local Govern- 
ment Board to stimulate both their heads and hearts 
with the promise of speedy legal proceedings. 





‘ EDISON’S ELECTRIC LIGHT 
APPARATUS. 

On Wednesday, the 5th inst., a person who gave 
the name of Walter H. Thelwell, but who did not 
furnish an address, called at our office and informed 
us that he could supply us with the complete specifi- 
cations and drawings of Mr. Edison's electric light 
apparatus if we would give him the sum of 10/. 
Knowing from very good authority that an authorised 


his | publication of Mr. Edison’s patents could not be 


made for some weeks, our suspicions were aroused 





that what was being offered us in exchange for a 
money payment had not been obtained by fair means ; 
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we questioned our visitor somewhat closely with the 
t of rather confirming than dispersing our 
suspicions that an attempt was being made to sell 
to us a document surreptitiously obtained to the evi- 
dent prejudice of Mr. Edison and his patent rights. 
Under these dubious circumstances we decided to 
have nothing to do with the transaction, and we 
declined to entertain Mr. Thelwell’s proposal. Upon 
that we were informed that as we declined the offer 
the documents would be taken to another technical 
journal as well as to a daily paper; and this an- 
nouncement not affecting our decision, our visitor 
left us saying that he would go to the offices 
of the journals with whom he seemed to be more 
confident of success. We have of course no know- 
ledge of Mr. Thelwell’s subsequent transactions 
with the documents in question, but it must at least 
be regarded as a curious coincidence that on the 7th 
inst, there appeared in The Engineer a short extract 
from Mr. Edison's specification, accompanied by a 
rough sketch of his automatic regulator, while on the 
Monday following the Standard published the coim- 
plete specification, and on the 14th inst. The Engineer 
gave the accompanying drawings. It is no breach 
of confidence to state that the document re- 
printed by the Standard is not, as stated by that 
journal, a translation of Mr. Edison’s French speci- 
fication, but is a verbatim copy of the original 
English specification which was sent in duplicate 
to the various countries in which letters patent were 
applied for ; and as these duplicates were produced 
by Mr. Edison’s electric pen, it follows that they 
must all have been exactly alike. The illustrations 
ublished by our contemporary are simply traced 
rom the first sheet of the drawings which accom- 
panied these copies. Having thus explained to our 
readers our own position in the matter, we propose 
now to offer some remarks upon Mr. Edison's appa- 
ratus, taking our data from the specification pub- 
lished in the Standard, and in conjunction with the 
reprint of the drawings issued ig contemporary. 
he inventions patented by Mr. Edison under this 
specification relate to the two great sections of the 
subject of electric illumination, that is to say, to the 
enerator by which the electric currents are pro- 
ar and to the lamp by which those currents are 
utilised and regulated. Mr. Edison’s generator 
differs from all other dynamo or magneto-electric 
machines, and is, to say the least of it, decidedly 
on aac in conception, It is the exact converse of 
Helmholtz’s electro-magnetic tuning-fork, which it 
somewhat resembles, and bears exactly the same 
relation to that instrument which the Gramme ma- 
chine bears to Pacinotti’s electro-magnetic engine. 
It consists of a tuning-fork about 64 ft. long kept in 
vibration by a small steam, water, or,gas engine or 
other source of mechanical power attached to the free 
end of each prong ; the driving power thus resolves 
itself into a pair of single-cylinder engines working 
isochronously, their speed being ted and con- 
trolled by ~~ tuning-fork, which takes the place 
of a flywheel. To the outer surface of each prong 
are attached two or more electro-magnets, which 
are, when the fork is in vibration, carried backwards 
and forwards in front of two other corresponding 
electro-magnets, which are fixed with their poles 
op to those of the ets attached to the 
fork ; the ends of the wires forming the helices of 
ingle pa pm are connec * an ae 
simple commutating apparatus by whi e 
direstion of the currents is reversed at every 
semi-vibration of the fork, If we imagine the 
magnets on the fork to possess so much residual 
magnetism as to produce opposite their poles 
a magnetic field no matter how feeble, an electric 
current will peters the coils of the fixed mag- 
nets every time the ting magnets toor 
recede con them, the current being ~ eine direction 
in the one case, and in the opposite direction in the 
other, and as the coils of one set of ets are in 
circuit with the other a current of electricity first 
in one direction and then in the ere would be 
transmitted through all the coils of the apparatus 
as well as into the external circui of the machine. 
When it is required to produce a current in which 
the direction is constant the commutator above 
referred to is employed, and as this mechanically 
reverses the direction of the external circuit at the 
moment that the internal circuit is reversed by the 
action of the machine, it follows that a constant 
direction is given to the external circuit by the 
of the double reversals. We imagine it 
the intention of the inventor to employ a series 
of such tuning-forks, collecting the current induced 
by them in groups and transmitting them to the 








various circuits connected with the electric lamps. 
There is no physical reason why such an apparatus 
should not work and generate an electric current 
sufficient to produce a light, in fact the principle is 
quite correct, but taking the drawings and specifi- 
cation as they stand, and in the absence of more 
detailed information, we feel convinced that such a 
current could only be produced by such an 
apparatus at a cost far greater than any other 
dynamo-electric generator within our knowledge. 

o reciprocating machine can be as mechanically 
effective as one that is continuously rotating, and 
although the application of a tuning-fork or vibrat- 
ing bar as a regulator for a reciprocating machine 
is a very pretty one, it is inferior to a flywheel and 
crank in points of economy, as more power will be 
absorbed in producing the impulse to maintain a con- 
stant amplitude of vibration against the elastic force 
of the bar than is absorbed in overcoming the friction 
in the bearings of a flywheel and connecting rod, 

Without seeing the apparatus, however, or any 
more reliable illustration of it than the drawing ac- 
companying the specification of a patent, and know- 
ing what Mr, Edison has done in other branches of 
science, we would hesitate to condemn an apparatus 
which is clearly not wrong in principle, however in- 
effective it may appear from the data at our disposal. 

Before the principle of the phonograph was 
demonstrated by Mr. Edison by actually construct. 
ing and working it, it would have been difficult to 
find a person who would not have ridiculed the 
notion and condemned it as impracticable, and as 
we know that Mr. Edison’s specification which 
forms the subject of this article represents only one 
of several arrangements suggested by him, we 
feel it only due to him to wait for his own au- 
thorised publication or exhibition of his invention 
before giving a decided opinion uponit, The in- 
formation received from America with regard to Mr. 
Edison's experiments, namely, that he has laid down 
large and powerful mon power in his laboratory 
at Menlo Park, that he is experimenting with the 
Wallace-Farmer machine, and with powerful in- 
duction coils, all seem to intimate that the tuning- 
fork apparatus with its separate little driving spqiee 
to each prong is not ¢he machine upon which Mr. 
Edison rests his hopes, but only one of a series of 
experimental machines, and that the principal secret 
is not after all divulged. Just as we a few months 
ago cautioned our readers against receiving as 
gospel the excitable ravings of a section of the 
American press, so do we now enter a caution 
against the opposite extreme, that of condemning 
the whole because a portion has been made public, 
and does not realise the expectations me ok by a 
combination of ignorance and exaggeration. 

The lamp or regulator figured in Mr, Edison’s 
specification is nothing more than an incandescence 
lamp fitted with an automatic shunt, by which a 
portion of the current is diverted from the circuit of 
the light-producing portion of the apparatus when- 
ever its temperature approaches an injurious limit. 
In connexion with this shunt is an adjustable regu- 
lator, by which the degree of incandescence can be 
controlled and maintained between certain limits. 
The portion which, by its incandescence, produces 
the light is a strip of. wire twisted into a double 
spiral, and composed of a metal having a very high 
fusion point, such as platinum, iridium, ruthenium, 
rhodium, osmium, a titanium, all of which are 
mentioned in Mr. Edison's specification, but he 
gna an alloy of platinum. This compound can 

raised to a far higher degree of incandescence 
without fusing than platinum alone, and the ad- 
mixture of platinum enables that most refractory (a 
every sense of the word) substance, iridium, to 
worked into the requisite form. When a strip of this 
compound metal is introduced into the circuit of a 

owerful electric generator, it glows with an incan- 
Sesteen very far above that at which the metal 
platinum would pour like wax, and as it may be taken 
as a rule that the same degree of incandescence re- 
presents the same temperature for all substances, it 
is clear that the higher the fusion point of a metal 
the more brilliant light is it capable of | 
under the influence of what may be calle 
electro-incandescence. Through the centre of 
the incandescent spiral in Mr. Edison’s lamp 
passes a vertical wire attached at its upper ex- 
tremity to the cap of the small cylindrical glass 
lantern within which it is enclosed and supporting a 
contact lever or shunt below the lantern, the 
position of which is so adjusted that the tension of 
the vertical wire keeps contact surfaces sepa- 
rated as long as the temperature of the incandescent 





spiral is below a certain degree. When, however, 
the temperature rises beyond that amount, the wire, 
lengthening by expansion under the influence of the 
heat radiating from the spiral, lowers the lever on to 
its contact plate and thereby shunts a portion of 
the current out of the spiral by short-circuiting the 
terminals of the apparatus. In his specification 
Mr. Edison describes various forms of controlling 
apparatus, but they all appear to depend upon 
mechanical motion being obtained by the expansion 
of a substance under the influence of heat. In one 
of these the expansion wire forms part of the cur- 
rent itself, and becoming heated by the current, 
actuates a shunt, or throws in a resistance by which 
the current through the incandescent spiral is re- 
duced. It is a curious fact that this latter method 
is identical in principle, and very similar in ap- 

ratus employed, to that devised by Dr. C. W. 
Seestens: F.R.S., which will be found figured on 
another page of our present issue, and which formed 
the subject of an interesting paper read a fortnight 
ago before the Royal Society. One of the forms of 
rheostat employed by Mr. Edison is a carbon button 
similar to that adopted by him in his carbon tele- 
phone, and Dr. Siemens also employs a carbon 
rheostat, which differs but little from M. Clerac’s 
tube, which was the first practical application of the 
principle discovered by the Comte du Moncel, and 
published in 1860,* that the resistance of imperfect 
conductors, such as carbon and metallic powders, 
varies with the mechanical pressure excited upon 
them, by which the particles of which they are com- 
= are more closely aggregated together. Mr. 

dison also includes in his specification another form 
of variable resistance suggested by the Comte du 
Moncel, namely, a helix of wire more or less ex- 
tended by the shortening or lengthening of the ex- 
pansion rod passing through the incandescent spiral. 
When all the convolutions of the helix are in con- 
tact with one another, its resistance is of course re- 
duced to a minimum ; and as they become one after 
another separated by the contraction of the rod by 
which they are supported, the resistance of the 
helix increases, and a larger proportion of the cur- 
rent is allowed to pass through the lamp. If such 
a helix form part of the main circuit instead of being 
employed as a short circuit of variable resistance, 
the mechanical arrangements must of course be re- 
versed, that is to say, the expansion rod must be so 
attached to the helix as to cause it to close together 
under an increase of temperature, and vice versd. 
The experiments of the Comte du Moncel upon the 
variation of resistance in a circuit caused by more or 
less closing together the convolutions of a helix of 
wire were begun in 1856.t 

It is clear that of the two methods of reducing 
the current when the safe limit of heat has been 
reached, viz., (1) shunting in a short circuit between 
the terminals, and (2) interposing a resistance in 
the lamp-circuit, each has its advantages and dis- 
advantages for my cases. By the former method, 
the energy absorbed in producing the incandescence 
of the iridio-platinum spiral is not thrown away and 
lost, and can be utilised for another lamp, or if that 
is not required, the generator may be driven at a 
reduced speed, giving the same light in the other 
lamps in circuit.. By the latter method the stopping 
of one light does not affect the others in the same 
circuit, nor can it have an injurious effect upon the 
coils of the generator, 

Mr. Edison in his specification describes a number 
of ways for producing the mechanical motion by 
which a shunt or resistance is thrown in automati- 
cally, One very ingenious method is to make the 
lantern air-tight, closing one of its ends with a yield- 


ing diaphragm, which under the influence of the ex- 
ion of the air by the heat of the spiral within 
it is pressed outwards, and thus actuates the contact 


lever to which it is attached. Another arrangement 
is to employ what is called a ‘‘ suction” electro- 
magnet with a plunger armature or coil similar to 
those employed in Froment’s electro-magnetic 
engine and in the distance regulator in Brunning’s 
electric lamps. The coil of such a magnet being 
interposed in the lamp circuit, and the drawing in of 
the armature core being opposed by an adjustable 
tension spring, an increase of the current overcomes 
the tension of the spring, the core enters more deeply 
into the helix; in so doing it draws a greater 
length of metallic foil from off a spring roller, and 


* Vide Exposé des Applications de UElectricité. Second 
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in so doing interposes a resistance equal to that of 
the extra fength of foil which is thus thrown into 
the circuit. It is, in fact, a Wheatstone’s rheostat 
having ribbon instead of wire, and automatically 
put in action by the current to be regulated. 

Mr. Edison’s specification may be looked upon as 
an interesting collection of ingenious scientific 
details of no decided originality individually, ex- 
cepting, always, the generator itself, but new as 
collecting under one or two heads a large number of 
methods and applications of well-known principles 
to the accomplishment of one particular object. 
Whether Mr. Edison’s system of utilising electric 
currents for the production of light can compare 
favourably with other systems can only be satis- 
factorily demonstrated by actual experiment and 
experience. It will be severely handicapped against 
all electric arc systems by the physical drawback 
common to all incandescent systems, namely, that 
for each addition to the number of lights in circuit 
an enormous reduction is made in the intensity of 
the light produced. We, therefore, cannot but be- 
lieve that we have not yet seen the system by which 
Mr. Edison states, in his most recent letters to this 
country, that he is able to place 678 electric lamps 
in one circuit, and a person does not require a very 
large electrical knowledge to see at once that it could 
not be accomplished by any of the apparatus de- 
scribed in the specification which forms the subject 
of thisarticle. The electro.incandescence of iridium 
or of platino-iridium is one of the most brilliant 
effects connected with the wholescienceof electricity, 
and when the experiment was shown for the first 
time at Dr. Tyndall’s lecture at the Royal Institu- 
tion a few weeks ago,* we venture to say that 
every one who saw it was both astonished and 
delighted at its extraordinary power and beauty. 
We have, however, not the slightest hesitation 
in saying that a large number of such lights 
could not be maintained in one circuit except at a 
cost which would be altogether prohibitory to its 
introduction; and, secondly, that it could not be 
produced by the tuning-fork generator figured in 
Mr. Edison’s specification, except at very far 
greater expense. We can neither agree with the 
writer in The Engineer, in assuming it to be a 
practical impossibility to run a small engine at a 
speed of sixteen strokes per second, or even greater, 
nor can we sympathise with the physical notions of 
our contemporary in imagining that the length of a 
tuning-fork, like that of a pendulum, determines its 
rate of vibration, independent of its mass and of its 
rigidity. Has our contemporary never heard of the 
practice of loading the prong of a tuning-fork tolower 
its rate of vibration without increasing its length, or 
has he never seen a short and slow vibrating reed or a 
long bar whose rate of vibration was extremely rapid? 
Whether the diagram in Mr, Edison’s specification 
is correctly drawn to scale is another matter alto- 
gether, buta person must have but small experience 
if he allow himself to make wild statements with 
reference to physical phenomena, having no more 
reliable authority upon which to base his calcula- 
tions than the accuracy of a drawing deposited 
with a specification of an invention for the pur- 
pose of illustrating the general construction of the 
apparatus. 





TRIAL OF A SULZER ENGINE. 

ABOUT six years agot we published in considerable 
detail the results of some very carefully conducted 
experiments on a large pair of o— made by 
Messrs. Sulzer Brothers, of Winterthur, which not 
only spoke very favourably for the design and con- 
struction of Messrs. Sulzer’s engines, but on ac- 
count of their extent as well as of the size of the 
engines tested, formed a valuable contribution to 
our TR een ge knowledge of steam engine work- 
ing. Recently alsot we printed a summary of the 
results of some much more recent and very suc- 
cessful experiments upon Messrs. Sulzer’s new type 
of compound engine, as exhibited at Paris. We 
have now before us a detailed account of four days’ 
trials of a large pair of Sulzer engines—of the 
former (non-compound) type—which were in several 
respects more complete than the 1872 experiments, 
and a summary of which, therefore, we are glad to 
be able to put before our readers. 

The pairof engines tested were of 400horse power, 
the cylinders having a diameter of 26.73in., and a 
stroke of 59.06in. The piston rods were 4.13 in. in 
diameter, both front and back of pistons. The 
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Tasze I. 
Experiments with Experiments with One 
both Cyli Cylinder 
Sept. 30 Oct. 28. Oct, 2. Oct. 27 
1 | Duration of experiment... “ae ake Loe 711 625 641 705 
2 | Steam pressure in boilers (pounds per sqr. in. 73.5 70.1 92.2 87.1 
3 | Initial a cylinders... ” ” 70.7 67.8 89.4 82.9 
4 | Vacuum in condenser ... ee a hs 18.05 v7 12.91 
5 ee cylinders e ae 11.70 11.70 10.78 11.85 
6 | Cut-off ‘ ds oo sas (percentage of stroke) 12.6 10.1 16 to 24 18 to 20 
7 | Mean effective pressure on pistons § (pounds per sqr. in. 34.05 28.61 47.21 45.75 
8 »» number of revolutions per minute... at tes 40.09 89.33 38.60* $7.88 
9 sy». indicated horse power _... pe “ pa 445.3 861.1 299.0 283.5 
10 | Feed water used per indicated horse power per hour 19.45 18.89 19.48 18.44 
11 | Pounds injection water used per pound of feed _... ‘na 27.77 34.13 23.65 25.72 
12 | Mean temperature of injection water e+ (deg. Fahr.) 56.1 55.2 57.3 57.6 - 
13 ” ” of di “= ... (deg. Fabr.) 87.3 80.7 93.2 89.5 
14 | Pounds of steam condensed in pipes and jackets per 
pound feed... os ae ose ‘i 6 bi 0.107 (0.136) 0.181 (0.145) 
15 | Calculated percentage of water mixed with steam... 7.95 7.95 12.25 11.15 
16 | Pounds coal burnt per horse power per hour 4.94 4.77 
17 » water evaporated per pound of coal ove a 3.97 4.08 
18 a i 98 9 from and at 
212 deg. Fahr.... as. ove ae ose ase Py 4.64 4.73 
19 | Mean temperature (deg. Fahr.) of feed on entering heater 87.3 93.2 
20 me 4 as. —ye | ». 190.4 222.1 
21 | Ratio of heat taken up in economiser ea en up in 
‘ler on is , oe es vn We a sh 0.102 0.13 
22 | Mean temperature of gases (deg. Fahr.) on entering 
23 | Mean temperature of gases (deg. Fahr.) on leaving 
heater ... ove on oan _ bis sill ‘s 259 ee 261 
24 | Calculated furnace temperature _... os — 1653 eee 1360 
25 | Corresponding number of pounds air used per pound fuel 12.4 th 18.2 




















* It was found during the experiment of October 2nd that the counter had got out of order 
engine on that day is therefore not known so exactly as on the others; the figure given is believed 


approximation. 


nominal speed of the engines was 39.5 revolutions 
per minute. The cylinders were arranged hori- 
zontally in the usual fashion, each driving one end 
of the shaft, on the centre of which was a toothed 
flywheel gearing with a pinion on a countershaft. 
On each side of the pinion was a crab-clutch, so 
that power could be transmitted to either side or to 
both sides at pleasure. The engines were driving 
the machinery of the spinning mill of Krauss and 
Son, at Pfersee per Augsburg), and the results of 
the experiments have been worked out by Professor 
C. Linde, of Munich. The date of the experiments 
was September and October of 1875. 

The boiler and engine-houses of the mills are be- 
side each other. The former contains nine horizontal 
‘¢ bouilleur” boilers placed side by side, and a Green’s 
economiser containing 256 tubes. Two of the 
boilers have 495 square feet of heating surface each, 
the other seven have 420 square feet each ; either 
one or two of the latter were out of use during each 
experiment. The surface of the economiser is 
3142 square feet, so that the total heating surface 
was either 6652 square feet, or 6232 square feet, 
according to whether six or only five of the smaller 
boilers were being used, The flues are arranged so 
that the gases of combustion from each furnace 
traverse the length of the rene ee boiler three 
times, and then pass through the feed heater and 
into a common chimney having a height of 161 ft. 
and a cross-section of 46 square feet. The Mehl 
grate is used, combined with Jordan’s dead plate, 
the total grate surface being 158.2 square feet when 
eight boilers were in use, and 138.8 square feet when 
only seven were employed, the ratio of grate to 


heating surface being Pa and ma respectively. The 
boilers are built for a working pressure of seven atmo- 
spheres, and are fed by a pump driven from a 
countershaft, The steam pipes are very short and 
direct, and are all covered with cement, so that 
very little condensed steam was taken from the 
collecting box. 

Experiments were made as to (1) the consumption 
of steam at different working pressures and degrees 
of expansion, (2) the consumption of fuel and value 
of the economiser, and (3) the power taken up by the 
engines themselves and by the gearing throughout 
the mill. 

], It was wished to conduct each day’s experi- 
ment at a constant cut-off (by throwing off the 
governor) and a constant steam pressure, keeping 
the speed also constant by the manipulation of a 12- 
horse power turbine and an auxiliary (older) steam 
engine. These means of regulation were not, how- 


ever, found sufficient in all cases, and theref 
the cut-off had sometimes to be and 
sionally also the steam pressure 


ore 
occa- 
By the 


throttle. 





the speed of the 
to be a very near 


frequent taking of indicator cards and the use of a 
counter, however, the average work seems to have 
been really well ascertained, The indicator springs 
were tested in the engineering laboratory at Munich, 
as was also the self-registering manometer used for 
measuring the steam pressures. The feed water 
was measured in two gauged vessels, which were 
alternately filled to overflowing and emptied into 
the tank from which the feed pump drew its supply, 
the temperature being measured each time. As a 
check upon the direct measurement of the feed the 
discharge water was also measured upon the Farey- 
Donkin plan. The discharge was conducted into a 
large wooden tank, in the side of which was a thin 
plate of metal containing two rectangular orifices 
and 24 round holes, the coefficients of discharge for 
which were calculated according to Lesbros and 
Weisbach, An overflow bay 3ft. broad was 7, 
vided on the upper edge of the tank, and the head 
kept as nearly as possible constant by closing or 
opening some of the round holes just mentioned. 

e small overflow from the bay was collected and 

measured separately. The condensed steam in the 
pipes ore jackets was also collected and measured 
se tely. 
2. The fuel ‘was measured by direct weighing. 
The temperature of the furnace gases was measured 
before entering and after leaving the economiser by 
two ordinary thermometers placed in glass tubes 
filled with oil. 

3. The experiments as to the amount of work 
taken up in driving the gearing, &c., were con- 
ducted simply by the aid of the couplings already 
mentioned. 

The principal results of the experiments, so far 
as the first two headings are concerned, are given 
in Table I., on which we may make a few remarks, 

All the experiments were of satisfactory length, 
ranging from 10 hours 25 minutes to 11 hours 
51 minutes. In two the engine was working with 
both cylinders, and in two with one only, the steam 

ressure being a good deal higher and the cut-off 
ter in the latter than in the former. The differ- 
ence in the quantity of feed water used was, however, 
very small, and the most economical results were 
obtained on one of the days when only one cylinder 
was working with 87]b. of boiler pressure, and a 
cut-off at about one-fifth of the stroke, The indi- 
cated horse power in this case was 283.5,* the piston 
2 eee 872.5 ft. per minute, and the total quantity 
water fed into the boiler 18.44 lb. per indicated 
horse power per hour. 

The quantities given in line (15) are said to have 
been calculated by deducting from the whole heat 
~@ The figures given in the Table are corrected for the 
small difference between an English and a French horse 
power. 
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taken up in the boiler (1) the equivalent of the work P 
done, (2) the heat accounted for by the discharge SIEMENS’ REGULATOR FOR ELECTRIC CURRENTS. 


from jackets and pipes, (3) the heat (if any) rejected 
in the condensed steam, (4) the heat rejected in the 
condensing water, and (5) an allowance of 2 per 
cent, for losses by radiation, conduction, and leakage. 
The larger figures upon the days when one cylinder 
only was used are thought to be due chiefly to 
leakage at the safety valves, which occurred very 
notably at the higher pressures and not at the lower 
ones, We must add, however, that we have re- 
ted these calculations for the experiments of 
ptember 30th and October 2nd (the only days for 
which the data are complete), and have failed in 
both cases to obtain figures so large as those given. 
In any case, as a purely arbitrary allowance has been 
made for losses by radiation, &c., it is certain that 
the figures given cannot be taken as representing 
the actual wetness of the steam except in the roughest 
possible way. 

Eight boilers were in use on September 30, and 
seven on October 2, so that the proportion of heating 
surface to horse power was very much greater on the 
latter than on the former day. The observations 
on the value of the feed heater are oT in- 
teresting; in the mean, about one-tenth of the 
whole heat taken up - the water was taken up 
through its surface. he temperatures given in 
lines 22 and 23 of Table were those observed by 
the method already described, the figures in the 
two last lines of the Table have simply been calcu- 
lated from them. In the experiment of September 
80, each foot of (total) heating surface evaporated 
1.32 lb. of water per hour, and in that of October 2 
0.936 lb. The mean rate of transmission of heat by 
the surface was 24.9 (British) units per square foot 

r minute in the former case, and 17.3 units in the 
atter. This includes the surface of the economiser 
in each instance, Deducting this surface, as well 
as the duty done by it, the mean rate of transmis- 
sion of heat by the boiler surfaces alone appears 
to have been 42,5 and 30.8 thermal units per square 
foot per minute on the two days respectively ; a 
slow transmission, as might have been expected. 
The quality of the fuel used, obviously very in- 
ferior, is not stated. 

Table II. gives the results of the experiments to 
ascertain the power taken up by the engine and 
shafting. In each case the speed was brought to 
40 revolutions per minute by the use of the throttle 
valve, and three sets of diagrams were taken from 
each cylinder, the figures _— being the means 
from the cards thus obtained : 


TaB.e ITI, Indicated Horse 


Power. 
Engine and flywheel with pinion and 
countershaft as farasthe couplings .. 44.1 
Engine and flywheel with left-hand coup- 


ling in gear ove ens oe one 73.0 
Engine and flywheel with right-hand 

coupling in gear ... eee ie i 80.9 
Engine and flywheel with both couplings 

in gear (i.¢., driving all the shafting, 

&c., of the mill) 102.3 


In conclusion, we can only wish that such experi- 
ments as those which the Messrs. Sulzer have carried 
out upon these engines were more common among 
engineers ; ae | would tend more strongly to im- 
prove our engine design, or hasten the process of 
improvement which is already in progress. We 
needly hardly point out that the consumption of 
water per horse power per hour—19.06 lb. in the 
mean—is very satisfactory indeed. It is distinctly 
smaller than the mean of the results of the 1872 ex- 
periments, which was 19.66 lb., although still con- 
siderably in excess of the very excellent results ob- 
tained by Messrs. Sulzer from their compound 
engine (17.58 Ib. and 17.851b.) in the experiments 
lately described in our columns. 


ARTIFICIAL DYE PRODUCTS AT THE 
PARIS EXHIBITION. 
(Concluded from page 312, vol. ezvi.) 

In a previous article we reviewed)the various 
colours derived from phenic acid, and the aniline 
dyes — mm a the two first groupe of the classifi- 

opted. 





cation ad We also pointed out that they be- 
came developed almost at the same time, but while 
the products of phenic acid, less brilliant, and more 
fugitive than the aniline hues, fell gradually into 
disuse, the Jatter, thanks to their valuable qualities, 
have constantly increased the field of their applica- 
tions, and at the present time they sustain success- 
fully the competition created by the colours which 
form the third and fourth groups, and which we are 


(For Description, see Page 164.) 
































Fig.1 

Group III. Colours derived from Azotic Bases.— 
The valuable investigations of Griess, published in 
1864, called the attention of manufacturers to the 
mode of producing colours. ‘The azotic bases are 
obtained from hydro-carburates by the substitution 
of an equivalent of nitrogen for an equivalent of 
hydrogen, and they are produced by the reduction 
of nitrogenous bodies by alcoholic potash. By sub. 
stituting in the same hydro-carburate two equi- 
valents of nitrogen for two of hydrogen, the so- 
called “‘ diazotic” bases are obtained, and they are 
produced by heating the bases with nitrous acids at 
a low temperature. The introduction of these 
chemical processes to practical industry has during 
late years created a host of colouring matters, the 
tints of which are generally comprised within the 
scales of yellow, orange, and brown, and to which 
the caprice of fashion has secured a great success, 
Aniline Yellow.—Since 1864 the house of Simpson, 
Maule, and Nicholson, profiting by the discovery of 
Griess, brought out commercially the aniline yellow, 
produced by the action of nitric acid on aniline, 
and which is only the oxalate of the amido-azotic 
base of benzine, celled amido-azobenzol. 

Phenolyn Brown.—Some years later appeared the 
phenolyn brown obtained by the reaction of nitrous 
vapours on phenolyn-diamine, resulting from the 
uction of binitrobenzol. The aqueous solution 
of the phenolyn brown dyes wool and silk without 
the use of any mordant. The colour is yellow or 
yellowish red, but when exposed to the air, or if the 
tissue is placed in dilute chlorhydric acid, it changes 
toa deep brownish red. The acetic solution of 
phenolyn brown, also im a brownish-red colour 
if it is concentrated, and a brownish yellow if it is 
diluted. 

Chrysoidine.—This colour, of a beautiful yellow- 
orange hue, was discovered in 1876 by Witt, and 
introduced to commerce by the English house of 
Williams, Thomas, and Dower, but it did not long 
remain as a monopoly of this firm, Caro having dis- 
covered it in Germany, almost at the same time. 
Chrysoidineis thechlorhydrate—solublein water, and 
highly coloured—of a base which can be isolated by 
soda, and which is produced by the action of diazo- 
benzol on phenolyne-diamine. With reference to 
their chemical composition, these three materials, 
aniline yellow, chrysoidine, and phenyline brown, 





now about to examine, 





contribute the three terms of a series of which 


Fig. 3. 


























azobenzol is the type, and in which, one, two, or 
three equivalents of hydrogen in the type, are re- 
placed by one, two, or three equivalents of the 
radical, amidogene, 

Saponine.—To the foregoing may be added sapo- 
nine, a very beautiful red colouring matter, border- 
ing on scarlet, and which has been produced for 
some time on quite a large scale, especially for dyeing 
silk. Itis obtained by transforming, by the action of 
nitrous acid, pure pseudo-toluidine, into an amido- 
azotic base, which is then treated with arsenic acid 
or bichromate of potash. In place of the pseudo- 
toluidine, pure aniline may be employed, and a dye 
is thus obtained in smaller quantities, but of a more 
brilliant colour, and known as phenylsaponine. 
Hofman and Geyger have recently studied the 
chemical constituents of saponine, and show the 
analogy it presents in its formation with roseniline 
and other ammoniacal colours. 

Colours derived from Naphthaline.—Naphthaline is 
analogous to benzine, and is obtained abundantly in 
the distillation of coal tar. It can be transformed 
into an azotic base—naphthalamine—by the same 
means as benzine is changed into an aniline, and 
like this, naphthalamine produces a large number of 
dyeing materials. Unfortunately the greater number 
of them are-deficient in freshness and brilliancy, 
and on this account have not yet been adopted for 
industry. Two of them, however, have obtained 
some success—Martin’s or Manchester yellow and 
Magdala rose red. They are both obtained by the 
aid of an azotic base of naphthalamine called azodi- 
naphtyldiamine. The former colour imparts to silk or 
wool hues of great purity, from pale lemon yellow 
to brilliant golden shades. Its dyeing power is so 
considerable that 200 lb. of wool can be stained an 
intense yellow with one pound of the dye. Magdala 
or naphthaline rose red has chemically a great 
analogy to aniline red. As a dye it is remarkable 
for its solidity ; unfortunately it loses all its bril- 
liancy in the darker shades, and is therefore exclu- 
sively used for the lighter tints; for this reason its - 
consumption is only small. 

Naphthaline Orange.—This remarkable dye was 
discovered towards the end of 1875 by Roussin, and 
worked at first by MM. Poirrier, of St. Denir, and 
later by MM. Bunschedler and Busch, of Bale. The 
first product of the kind was fabricated at the end 
of 1876 by MM, Poirrier. It isa colouring matter 
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giving a mauve tint, obtained by the reaction of the 
diazotic base of sulfanilic acid on naphthol A, and it is 
known in commerce as orange Nol. With naph- 
thol B a different product is obtained ; orange No. 2, 
is of a yellow hue of great brilliancy, and is un- 
affected by light. Orange No. 3 is prepared by the 
reaction of the diazotic base of sulfanilic acid on 
methylaniline, and orange No. 4 by the reaction of 
the same base on diphenylamine. This latter, from 
its great colouring power, advantageously replaces 
carcassia, the drawback of which is its fugitive 
character, but which, however, had previously held 
its position in commerce on account of its cheap- 
ness. 

Roccelline.—In the course of the year 1877 MM. 
Poirrier succeeded in producing the material obtained 
from the diazoic base of naphthalymine on naphthol 
B. This product, known as Roccelline, gives a tint 
very similar to madder, but much brighter ; it also 
is much more economical in its use. It is highly 
appreciated in silk-dyeing factories on account of its 
cheapness, its beauty, and fastness. For wool dye- 
ing it is not so much in favour on account of its 
extreme affinity for the fibre. In making reaction 
with the same base on resorine, phenol, and dioxy- 
a other manufacturers have obtained 
colours of the same nature as the naphthol orange, 
but of a variety of shades. 

Cxass IV. Various Colours derived from Phenol.— 
The colours derived from phenol or phenic acid, and 
comprised in the first class alfeady considered, was 
almost entirely abandoned, on account of the de- 
velopment of the second and third classes, when in 
1875 a discovery of Boeyer and Caro recalled the 
attention of the industrial world, not only to the 
derivation of phenol properly so-called, but also to 
those from all the group of phenols. For although 
it was known that as phenol or phenic acid is the 
oxide of benzine, all non-saturated hydro-carburates 
correspond to an analogous oxide, called the phenol 
of that carburate; thus naphthol is the phenol of 
naphthaline. But the phenols themselves can be 
oxidysed, producing diphenols; benzine for example 
gives three different classes, although of the same 
composition ; resoreine, hydro-quinone, and pyro- 
catechine, Besides the diphenols are the triphenols, 
containing three times as much oxygen as the 
phenols ; pyrogallic acid is the triphenol of benzine. 
According to the investigations of Boyer all the 
phenols, diphenols, and,triphenols unite with the 
organic peljuanio acids, disseminating the water 
when they are heated either alone or with the addition 
of sulphuric acid or glycerine. A great number of 
the salts thus obtained dissolve in alkalies, giving 
various colours, and, what is remarkable, they pre- 
sent a very close analogy to various natural colour- 
ing matters, especially with those obtained from dye 
woods. 

Fluorescine.—The most important product of this 
class is undoubtedly fluorescine, which Boyer ob- 
tained by heating together phtalic acid and resoreine. 
The name given to it comes from the fact that, 
mixed with water, or especially with ammonia, it 
gives a dye of great power, red in hue, and possess- 
ing a beautiful green fluorescence. Fluorescine dyes 
without any mordants, silk, and wool. Treated with 
sulphuric acid it yields a red product, turning blue 
with alkalies, and presenting some analogy to the 
action of eosine. 

Eosine—A short time after the discovery of 
fluorescine, Caro remarked that the derivation 
tetrabrome, obtained by its simple contact with 
brome, possessed the quality of daniting in alkali 




















and dyeing fabrics a superb rose-red of great bril- 
liancy, whence it was named eosine (from the 
Greek sws). It was afterwards prepared from 
tetraiode derived from fluorescine, which giving a 
less yellow hue, was called rose eosine; then from 
the property that eosine — of acting as an 
acid, and being susceptible of treatment as a base, 
methyleosine or primrose was obtained, a dye soluble 
in alcohol and remarkable especially for dyeing silk ; 
ethyleosine, phenyleosine, and benzyleosine. 

nitrous derivations from eosine have been discovered 
and given to commerce under the names of /ut¢ecienne, 
napoline, Sc. 

The two other phenols of benzine, hydroquinone, 
and pyrocatechine, treated by phtalique acid, give 
the one the dye quinazarine and the other a sub- 
stance yielding much the same hue as the dois de 
campéche but these dyes have not been yet introduced 
commercially. 

Galleine, Ceruleine.—Pyrogallic acid, or triphenol 
of bezine, treated with phtalic acid, furnishes a 
new colouring matter to which the name of galleine 
has been given. ‘The colour thus obtained holds a 
place midway between that of red dye wood and 
the bois de campéche, but is as solid and delicate as 
that of the former. Judging from its properties it 
is probable that galleine belongs to the family of 
vegetable dyes, and that it is the first colouring 
matter of this group which has been prepared arti- 
ficially. 

By heating galleine with sulphuric acid, ceruleine 
is obtained, soluble in alkali, and yielding a beautiful 
green which remains unalterable. It dyes green, 
those tissues in which alumina is used as a mordant, 
and brown those requiring salts of iron. These 
colours are not fugitive, and they bear a near 
resemblance to the /o-kas or Chinese green, They 
both, however, possess one drawback, want of 
brilliancy, and for this reason, despite their perma- 
nent character, they are but little employed. 

Artificial Alizarine.—In terminating this rapid re- 
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view of the principal artificial colours at present 
employed in industry, we must refer to that amongst 
them which 8 the highest importance, in a 
scientific point of view, because it is one of the 
beautiful triumphs of practical chemistry, because 
of the enormous application it has received, This 
is the artificial alizarine, As in the case of aniline, 
anthracine was long known to exist in heavy 
coal oils, as a chemically pure substance, and 
in 1868 Groebe and Liebermann showed that the 
principal pigment in the madder-alizarine did 
not belong to the naphthaline series as had been 
generally supposed, but to the anthracenic series, 
and starting from this point they demonstrated a 
year later the great discovery of transformation of 
anthracine into alizarine. The preparation of arti- 
ficial alizarine cannot be attributed either to chance 
or an unex reaction ; on the contrary, it was 
the result of long continued scientific investigation 
— it was anticipated, sought, and finally found. The 
precise process of Groebe and Liebermann has not 
possibly been accurately followed in commerce, but 
no departure of the least importance has been made 
from the course they laid down, and refers only to 

uestions of detail and points of economy in pro- 

uction, Anthracine under the influence of oxydis- 
ing agents, loses two equivalents of hydrogen, which 
are replaced by two equivalents of oxygen, and is 
thus transformed into anthraquinone. is deriva- 
tion, oxydised itself, by the action of sulphuric acid, 
gives alizarine, which is nothing more than bioxy- 
anthraquinone. These were the fundamental points 
discovered by Groebe and Liebermann, and starting 
from them other chemists established the fact that 
allthe other matters—purpurine, pseudo-purpurine. 
&c., which accompany alizarine in the production of 
madder, have fixed ratios with it, and thus give to 
the product called alizarine all the qualities of bril- 
liancy, firmness, and shade, which give to natural 
madice its high reputation. Thus purpurine, an 
essential element in madder of good quality, is the 
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phenol of alizarine, that is to say, the triphenol 

urpurine is a combination 
wo varieties of purpurine 
have also been separated and studied, isopurpurine 
and anthrapurpurine, which are met with in the 
artificial alizarine of commerce, and which, although 
distinct pro- 
perties, both chemically and as dyeing substances. 
Owing to its valuable qualities and its cheapness, 
artificial alizarine has almost entirely replaced 
But this great revolution in dye- 
ing industry was not brought about without pro- 

A portion of 
Southern France, especially the Department of 
Vaucluse, which during many years produced alone 
one-half of the madder root employed throughout 
the world, and representing a value of about one 
million sterling annually, saw its great source of in- 


of anthraquinone- 
of this same triphenol, 


ition, 


having the same com 


natural madder. 


ducing considerable trade disaster. 


dustry entirely and suddenly disappear. 


The land on which this plant used to be cultivated 


with so much profit is now, for the most part, 
sterile, and the ruined proprietors have not even 


the resource of planting vineyards which the phyl- 


lorax entirely destroy. 


The industry of artificial dye a so was re. 


presented at the Paris Exhibition 


exhibitor. But one nd ay was accorded by 
the jury, that awarded to MM. A. Poirrier, of Saint 
Denis. This house is indeed the most important in 
France for this speciality. It was the first to in- 
troduce into commerce a large number of new pro- 
ducts, amongst which may be mentioned Paris 
violet, a very luminous nm, methylaniline with- 
out iodine, the naphthol oranges, ine, and 
many of the derivations of eosine, The exhibit of 
MM. Poirrier was very elegantly arranged. Each 

roduct was contained in a vase, supported on a 
fone, covered with a fabric dyed with the product, 
and in addition a great number of tissues of various 
hues coloured by the dyes manufactured by the ex- 
hibitors. The French manufacturers who obtained 

ld medals are M. J. Casthelaz, of Paris, for his ex- 

ibit of dyes with aniline or resoreine bases, and MM. 
Coupier and Cie, of Creil (Oisc) for his products ex- 
tracted from coal tar, and their aniline colours pre- 
pared without arsenic. To _ = two gold medals 
were allotted, one to Messrs. Brooke, Simpson, and 
Spiller, successors to Simpson, Maule, and Nichol- 
son, and to whom are due the blue and yellow 
aniline dyes, and the second to Messrs. William 
Thomas and Dower, of Fulham, who exposed 
amongst other things various aniline and resoreine 
colours, ens of chrysoidine and its deriva- 
tions, which they brought into commerce. It is to 
be regretted that the English exhibitors failed to 
show samples of fabrics dyed with their products 
as did the other exhibitors, It was therefore im- 
possible for visitors to form conclusions as to the 
comparative value and brilliancy of English and 
foreign dyes. Switzerland was very brilliantly re- 
presented by a large number of the manufacturers 
of Bale and Geneva, who exhibited collectively pro- 
ducts derived from aniline, resoreine or anthracine, 
The task of the jury to select amongst so much ex- 
cellence was a difficult one. The gold medal was 
allotted to MM. Geigg and Cie., of Bale. 

The manufacture of artificial alizarine was not 
sufficiently represented at the Exhibition. This 
arose from the fact that the trade is almost entirely 
in the hands of German fabricants. In absence of 
competition a gold medal was awarded to the 
Austrian society for the manufacture of alizarine, 
Messrs, Pizibram and Cie., of Koonigsburg (Bo- 
hemia). That no other countries exhibited is not a 
matter for astonishment when the nature of the in- 
dustry is considered. Allied as it is to the most 
advanced physical science, practical special know- 
ledge, and capital, comparatively few countries 
are in a position to develop it with success. 





REGULATING ELECTRIC CURRENTS. 
On certain Means of yo er Ape Regulating Electric 
ren 


By C. WILLIAM SIEMENS, D.C.L., F.RB.S. 
ic machine furnishes us with a means 


aes branch circuit, especially in such 
applications as the distribution of li hbanederechantenl Sovee. 
the 19th of June last, upon occasion of the soirée 
the President of the Royal Society, I exhibited a first 


* Read before the Royal Society. 































five countries 
only: France, England, Switzerland, Belgium, and 
Austria, the two last named having each only one 


























ENGINEERING. 
which cee be range met ints a oo Ai 


the same time, I have been able to realise a method by 
which currents passing through a circuit, or branc 
circuit, are measured, and ganiy recorded. 

It is well known that when an electric current passes 
through a conductor, heat is generated, which, according 
to Joule, is proportionate in amount to the resistance of the 
conductor, and to the square of the current which passes 
through it in a unit of time, .. 

I propose to take advantage of this well-established law 
of dedeotqmanien, in order to limit and determine the 
amount of current a a circuit, and the 
apparatus I employ for this p is represented on 
Fass. 1 to 3, e 162. Letters of reference to the prin- 
mi pet of the instrument are given on the foot-note of 
the di 


agram. 

The most essential part of the instrument is a strip A of 
copper, iron, or other metal, rolled extremely thin, through 
which the current to be regulated has to pass. One end of 
this thin strip of metal is attached to a screw B, by which 
its tension can be regulated ; it then passes upwards over 
an elevated insulated pulley I, and down again to the end of 
a short lever, working on an axis, armed with a counter- 
weight and with a lever L, whose angular position will be 
materially affected by any small —- of the strip that 
may take place from any cause. The ratus further 
consists of a number of prisms of me , supported by 
means of metallic springs M, so regulated by movable 
weights W, as to insure the equidistant) position of each 

rism from its neighbour, inst the neigh- 
uring piece by the action of the lever L, in consequence 
of a shortening of the metallic strip. this action, one 
prism after another would be brought into contact with its 
neighbour, until the last prism in the series would be pressed 
against the contact spring S, which is in metallic connexion 
with the terminal T. 

The currert passing through the thin strip of metal will 
under these circumstances, pass h the lever L, 
and the line of prisms to the terminal T, without 
encountering any sensible resistance. A second and more 
circuitous route is, however, provided between the lever L 
and the terminal T, consisting of a series of comparatively 
thin coils of wire of German silver or other resisting metal 
BRR, connecting the alternate ends of each two adjoining 
springs, the first and last spring being also connected 
the lever L and terminal T vely. 

When the lever L stands in its one extreme position, as 
shown in the drawing, the contact pieces are all separate, 
and the current has to pass through the entire series of 
coils, which present sufficient aggregate resistance to pre- 
vent the current from exceeding the desired limit. 

When the minimum current is passing, the thin metallic 
strip is at its minimum working tem ture, and all the 
metallic prisms are in contact, this being the position of 
least resistance. Assoon as the current passing through 
the apparatus shall increase in amount, the thin m ic 
strip will immediately rise in temperature, which will 
cause it to elongate, and will allow the lever L to recede 
from its extreme position, liberating one contact piece after 
another. Each such liberation will call into action the 
resistance coil connecting the spring ends, and an immediate 
corresponding diminution of the current through increased 
resistance ; additional resistance will thus be thrown into 
the circuit, until an equilibrium is established between the 
heating effect produced by the current in the sensitive strip, 
and the diminution of heat by radiation from the strip 
surrounding objects. er to obtain uniform results, 
it is clearly necessary that the loss of heat by radiation 
should be made independent of accidental causes, such as 
currents of air or rapid variations of the external tempera- 
ture, for which purpose the strip is put under a glass shade, 
and the instrument itself should be placed in a room 
where a tolerably uniform temperature of, say, 15 ey 
is maintained. Under these circums , the rate of dissi- 
pation by radiation and conduction (considering that 
we have to deal with low of heat) increases in 
arithmetical ratio with the temperature of the strip ; the 
expansion of the strip, which affects the position of the 
lever L, is proportionate to the yo which is itself 

ionate to the square of current, a circum- 
stance highly favourable to the sensitive action of the 


instrument. 

Suppose that the current intended to be passed through 
the instrument is capable of maintaining the sensitive strip 
at a temperature of say 60 deg. C., and that a sudden in- 
crease of current takes in consequence either of an 
augmentation of the supply of electricity or of a change in 
the extraneous resistance to be overcome, the result will be 
an augmentation of temperature, which will continue until 
& new equilibrium between the heat supplied and that lost 
by radiation is effected. If the strip is made of metal of 
high conductivity, such as copper or silver, and is rolled 
down to a thickness not ex ing 0.05 mm., its capacity 
for heat is exceedingly small, and its surface being rela- 
tively very great, the new equilibrium between the supply 
of heat and its loss by radiation is effected almost instanta- 
neously. But, with the increase of temperature, the 
position of the regulating lever L is simultaneously affected, 
causing one or more contacts to be li » and as many 
additional resistance coils to be thrown into circuit, the 
result being that the temperature of the strip varies only 
between very narrow limits, and that the current itself is 
rendered v uniform, notwithstanding considerable 
variation in its force, or in the resistance of the lamp, or 
— extraneous resistance which it is intended to regu- 

It might appear at first sight that, in dealing with 
powerhal currents, the toabter of contacts cause 
serious inconvenience in uence of the discharge of 


the metallic continuity of the circuit is never broken, and 
each contact serves only to diminish to some extent the 
resistance of the regulating rheosta.. The resistance coils, 
by which adjoining contact springs are connected, may be 
readily c , 80 as to suit particular cases; they are 
made ly preference of ndked wire, in order to expose the 
entire surface to the cooling action of the atmosphere. 

In dealing with feeble currents, I use another form of 
regulator, in which dises of carbon are substituted for the 
wire rheostat. The Count du Moncel, in 1856, first called 
attention to, and Mr. Edison more recently took advantage 
of, the interesting circumstance thatthe electrical resist- 
ance of carbon varies inversely with the pressure to which 
it is subjected, and by piling several discs of carbon one 
upon another in a vertical tube, a rheostat may be 
constructed which varies between wide limits, according 
as the mechanical pressure in the line of the axis is in. 
creased or diminished. Fig. 4, page 163, represents the 
current regulator based upon this principle, and the foot- 
notes below the figure furnish the explanation of parts. A 
steel wire of, say, 0.3mm. in diameter is drawn tight be- 
tween the end of a bell-crank lever L and an adjusting 
screw B, the pressure of the lever — resisted by a pile 
of carbon discs C placed in a verti lass tube. The 
cnrrent passing through the steel wire, through the bell- 
crank lever, and through the carbon dises, encounters the 
minimum resistance in the latter so long as the tension of 
the wire is at its maximum ; whereas the least increase in 
temperature of the steel wire by the passage of the current 
causes a decrease of pressure upon the pile of carbon discs, 
and an increase in their electrical resistance ; it will thus 
be readily seen that, by means of this simple apparatus, 
the strength of small currents may be regulated so as to 
ba Spe with certain narrow limits. 

a tus described in Figs. 1 to 3, page 162, may be 

ted for the measurement of powerful electric cur- 
rents—an application which is represented by Figs. 5 and 
6, e163. The variable rheostat is in this case dispensed 
with, and the lever L carries at its end a pencil P pressing 


with its point upon a strip of paper drawn under it in a 
parallel direction with the lever by means of clockwork. A 
second fixed pencil D draws a second or datum line upon 


the strip, so adjusted that the lines drawn by the two 

ils coincide when no current is passing through the 
sensitive strip. The of a current through the strip 
immediately causes the pencil attached to the lever to move 


to pny Mage the datum line, and the distance between the 
two i 


es represents the temperature of the strip. This 
temperature depends, in the first place, upon the amount 
of current passing through the strip, and, in the second 
place, upon the loss of heat by radiation from the strip ; 
which two quantities balance one another during any 
interval that the current remains constant. 

If Cis the current before increase of temperature has 


en place. 
RB the resistance of the conductor at the external tempera- 


ure T. 

H the heat generated per unit of time at the commence- 
ment of the flow. 

R’ the resistance. and H’ the heat, when the temperature 
T‘ and the current C’ have been attained. 
Then by the law of Joule: 
H'=R’ 0’. 

But inasmuch as the radiation during the interval of con- 
stant current and temperature is equal to the supply of heat 
d r hy same interval, we have by the law of Dulong 
an : 


i H'=(T'—T) 8, 
in which § is the radiating arface. Then 
R'C2=(T’—T) 8 


8 
O2=—(T’—T) &, 
¢ ) R’ 


But T’ — T represents the expansion of the strip, or move- 
ment of the pencil m, and considering that the electrical 
resistance of the conductor varies as its absolute temper- 
ature (which upon the Centigrade scale is 274deg. below 
the zero Centi e) according to a law first expressed by 
Helmholtz, and that we are only here dealing with a few 
degrees difference of temperature, no sensible error will be 
committed in putting the value of R for R’, and we have 
the condition of equilibrium 

8 8 
cram S-cmnmS, . . a 

R R’ (1) 


or, in words, the current varies as the square root of the 
difference of temperature or ordinates. 
For any other condition of temperature T” we have 


C”?= = (T’—T) 


orn) 8 (T”-—T). 


and 
"3__12) = (T"—T—T'+-T 8 TT 8 
(Cc = +T) R‘ 3 ’ 


but for small differences of C” and C’ we may put 

: (C"*—C'2)=20"—0'), 

that is to say, small variations of current will be propor- 

tional to the variation in the temperature of the strip. 

In order to facilitate the process of determining the value 

of a diagram in Webers or other units of current, it is 

only necessary, if the variations are not excessive, to 

average the ordinates and to determine their value by 
uation (1), or from a table prepared for that purpose. 

The error committed in taking the average ordinate instead 

of the absolute ordinates. when the current varies between 

small limits, is evidently small, the variation of the ordi- 

= Pm their mean value averaging the variations 





extra current between the points of contact. But no such 
of importance actually take place, 


The thin sensitive conductor may thus be utilised either 
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to restrict the amount of electricity flowing ha 
branch circuit within certain mere So or pean a 
record of the amount of current passed through a circuit 
inany given time. 








NOTES FROM THE SOUTH-WEST. 
Swansea.—Trade presented last week signs of activity 
in all departments. The exports of coal exhibited an in- 
crease of nearly 6000 tons compared with those of the 
previous week. There is little or no change to note in the 
tin-plate trade. In tin there has been a limited amount of 
business done, and prices have remained nearly stationary. 


The Electric Light at the Severn Bridge.—It has been 
decided in order to facilitate the work connected with the 
second large span, directly in the channel of the Severn, 
and the principal part of the Severn Bridge undertaking 
unfinished, to introduce the electric light, and the neces- 
sary apparatus has already been provided. By this gi 
vision the contractors, whose | representative is Mr. 
George Earle, hope to carry on the work night and day, as 
well as to afford an effective light to traders on the Severn. 


The Powell-Duffryn Collieries.—On Saturday at the 
Aberaman Gas Works, the workmen until recently en- 
gaged at the Powell-Duffryn collieries held a meeting, 
when it was decided to resume work on Monday morning at 
a 10 per cent. reduction. 


Cardiff.—The week’s export returns show a decrease of 
861 tons in the quantity of coal shipped, while the quantity 
of iron and patent fuel is greatly in excess of that cleared 
in the previous week. The demand for steam tonnage 
continues good, notwithstanding that several large steamers 
were chartered last week at fair rates for Eastern and Medi- 
terrranean ports and the Cape. Both steam and house 
coal are in good demand, but without any advance in prices. 


Severn Bridge Railway Company.—The half-yearly 
meeting of this company was held on Saturday, at Glou- 
cester. Mr. W. C. Lucy, the chairman of the company, 
presided. The report referred to a joint application to 
Parliament for the amalgamation of the company with the 
Severn and Wye Railway and Canal Company. The 
engineer’s report stated that the bridge would probably be 
completed in the ensuing summer. Tho chairman, in 
moving the adoption of the report, congratulated the 
shareholders upon the progress of the works, as shown by 
the engineers’ report. The completion of the large span 
of the bridge of 312 ft. had removed all doubt as to the 
construction of the second large span. The deflection had 
been estimated at about 3in., but it had turned out to be 
only jin. The stonework on the Lydney side, which had 
been delayed for the past ten weeks by frost, had now been 
resumed. As far as the directors could judge, the brid 
would be completed towards the end of the summer. In 
the interim, the directors would consider what arrange- 
ments could be made with the railway companies to insure 
a fair amount of traffic. Nothing had occurred to diminish 
the confidence of the promoters in the soundness of the 
undertaking, while the success of the Sharpness New Docks 
had been demonstrated. Time, however, would be —— 
to develop the traffic. The report was adopted. A 
special meeting was then held, and the application to Par- 
liament for amalgamation with the Severn and Wye was 
approved. 


The Eddystone Lighthouse.—A report by Mr. Douglass, 
respecting the progress of the new Eddystone lighthouse, 
of which he has charge, states that since the works were 
commenced last July the weather has permitted only 135 
hours to be worked on the rock, although every opportunity 
has been taken advantage of. Had the work to be ex- 
ecuted at a point as high as Smeaton commenced, that 
number of hours would have been increased twenty times. 
Back dams have been built to allow of the utmost time 
being spent by the men in the foundations. When the sea 
recedes from the dams the water is pumped out by steam 
power from a floating engine lying 120ft. from the rock, 
and the men are then able to work inside the dams until 
the water again overflows. Should the work continue 
during the present year as during the past six months, the 
base of the tower will be above high-water tides by 
January next. The main difficulties will then be over. At 
any rate, the men will be able to occasionally get back to 
the steamer from the rock with dry jackets. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday on ’Change at 
Middlesbrough there was a larger attendance than usual, 
but again the amount of business transacted was com- 
paratively insignificant. Amongst makers of pig iron 
there was rather a better feeling, and prices were based on 
No. 3 selling at 33s. per ton net cash. Stocks are still very 
heavy. Messrs. Connal and Co., the great warrant store 
keepers of Middlesbrough and Glasgow, report as follows : 
* Our stock to-day is 77,800 tons. We are receiving about 
300: tons daily. Our Middlesbrough f.o.b. warrants are 
quoted nominally at 34s. 3d. net for No.3. Our Glasgow 
stock last night was 211,750 tons.'’ But although the pro- 
duction of pig iron in the Cleveland district is at present 
very considerably in cxcess of the demand, some makers 
declare that there are at last signs of improvement. 
Advices from America are more cheering, and it is believed 
that intending purchasers, who have been holding back so 
long, will now come into the market, being satisfied that 
prices have touched the lowest point. Should this be the 
fact there will be a gradual advance in the quotations, but 
it will take a long time to bring No. 3 Cleveland pig up to 
50s. per ton. 


The Clay Lane and South Bank Iron Works.—Only a 
few years ago Mr. Thomas Vaughan, the son of the late 








Mr. John Vaughan, the pioneer of the Cleveland iron 
trade, had no fewer than sixteen blast furnaces in opera- 
tion at his Clay Lane and South Bank Works, Eston, 
Middlesbrough, and was the largest pig-iron maker in the 
world, Since then misfortune has ily overtaken 
Mr. Vaughan, and for some time his affairs have been in 
the hands of trustees. The Clay Lane Works have been 
entirely sto. , and the two blast furnaces in operation at 
South Bank have been let by the mortgagees to the Wear- 
dale Iron and Coal Company, Limited, for a short period. 
The Weardale Company will use their own ironstone from 
the Belmont Mines, near Guisbrough. From time to time 
the office staff of Messrs. Thomas Vaughan and Co. at 
Middlesbrough has been reduced, and at the end of this 
month their services will be entirely dispensed with. 


The Finished Iron Trade.—There is no change in the 
condition of the finished iron trade of the north.. Prices 
continue miserably low, and contracts are keenly contested 
for. Amongst the ironworkers there was great dissatis- 
faction at the recent reduction in their wages by the award 
of Mr. evre, M.P., who acted as umpire in the arbi- 
tration proceedings. During the week a meeting of iron- 
workers was held at Middlesbrough. An attempt is being 
made to unite the men together, so that they may support 
their union better, and be more prepared for any action that 
may be deemed necessary when trade improves. Bars and 
angles can be easily procured on the buyer’s terms. 

Engineering and Shipbuilding.—There is a fair amount 
of general engineering work going on, but nothing specially 
demanding attention is being done in this district at 
present. Shipbuilderson the Tees are tolerably well em- 
ployed, and are no doubt reaping some advantage through 
their neighbours on the Tyne having some trouble in 
settling the wages question. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-Iron Market.—The market was dull at 

the opening last Thursday, but improved towards the close, 
and left off at 1d. per ton better. There were transactions 
during the forenoon at 42s. 7d. to 42s. 74d. cash, and at 
42s. 8d. to 42s. 84d. one month, buyers at the close offerin 
42s. 7d. and 42s. 8}d. cash and one month ively, an 
sellers near. In the afternoon 42s. 8d. and 42s. 83d. cash 
were paid, and the market closed with sellers asking 
42s. 9d. cash, and buyers offering 42s. 8}d. There was a 
strong market on Friday morning, and prices were fully 
over those of the previous day. Business was done in the 
morning at 42s. 10d. to 42s. 9d. cash, and at 42s. 104d. to 
42s. 10d. one month ; the closing prices being sellers at 
42s. 9d. cash and 42s. 10d. one month, and buyers 1d. _ 
ton less. The month’s price in the afternoon was 42s. 10d., 
at which business was done, and at, the close there were 
buyers offering that price, while sellers held out for 4d. per 
ton more. Monday’s market likewise opened strong, and 
improved, but was rather weak towards the close, which, 
however, still marked a rise of ld. Iron changed hands in 
the morning at 42s. 10d. to 42s. 104d. cash, and at 42s. 104d. 
to 43s. one month, the market closing with sellers at the 
higher quotations. In the afternoon from 42s. 11d. 
to 42s. 10d. cash, and from 43s. to 42s. 1ld. one month 
were the quotations, the market closing with sellers 
asking 42s. 10}d. cash and 42s. 11d. one month, with 
buyers near. Only a few lots changed hands at the higher 
rices, but there was a large business done at 42s. 104d. 
ourteen days, and at 42s. 10d. various prompts. Yester- 
day’s market was quiet, and prices declined 1d. ton, 
No business was reported in the morning, sellers being at 
42s. 9d. cash and 42s. 103d. one month, at which ces 
there were some transactions in the afternoon, and the 
close was—buyers 42s. 9d. aud 42s. 10id. cash and one 
month respectively, sellers asking 1d. per ton more. The 
market was steady to-day, and business was done during 
the forenoon at 42s. 9}d. cash, 42s. 103d. ten days, closin; 
buyers at 42s. 9d. cash and 42s. 10jd. one month, an 
ike about 1d. per ton higher. No change of any im- 
portance took place in the afternoon. There is certainly 
a manifestation of some desire to buy just now, the low 
rices prevailing being a great inducement. The stocks 
held by makers are being rapidly transferred to the public 
warrant stores in order to supply the demand for invest- 
ment ; but the requirements otherwise are so limited that 
this is really the only market in which iron can be sold at 
present. On the whole, it may be said that the trade is 
still without any animation. Most brands of makers’ 
iron can again be obtained on eusier terms. The demand 
for shipping iron is very dull, and prices still tend down- 
wards. Last week’s shipments of pig iron from all Scotch 
ports amounted 4 ah Lye as — 5722 ire ? the 
corresponding wee year. large quantity of iron 
was sent ‘ate the warrant stores last week, the total 
stock with Messrs. Connal and Co. up till Friday evening 
being 210,348 tons, showing an increase for the week 
2484 tons. One blast furnace was relighted last week at 
Quarter Iron Works, thereby raising the number in 
operation to 88, as compared with 87 at the corresponding 
date of last year. 


The Coal Trade, —- There has been little doing in the 
Glasgow coal tz:ade during the past week. The more mild 
weather that has set in has reduced the demand for house 
coal, and the curtailment in the working hours, and sto 
page in some of the mills, have considerably affected ¢ 

emand for steam coal. The arose demand has also 
been limited, last week’s reported shipments aggregating 
ont 3000 a, Ber pe gene t “yy oes 8000 pee on aaeer 
pon weeks wo years. e aggregate foreign ship- 
ments during the seven weeks justjended is 32,700 tons, as 
against 50,000 tons last year, and 48,000 in 1877. Prices may 
be said to be a shade cheaper for any large orders, but 
quotations are much the same, excepting a partial decline 
in respect of house coal. The only large its were 





999 tons to Monte Video, 756 tons to France, and 586 tons 
to Spain. In two or three im t mining districts, the 
miners are to move for an advance of wages, 
Tae ae in Fg aes ie Pewee oar a 

: Many of the miners are # i 
It is not pens that a request will be oan oe 


advance of r day in several of the mining districts of 
Lanarkshire. Miners’ and the prices of coal are 
also very low throughout Fifeshire and kmannanshire. 


The Carron Iron Company.—On Saturday last a notice 
was posted at the Blairhall Bits, belonging to the Carron 
Iron Company, at Oakley, near Dunfermline, intimating 
the intention of the company to cease in the mean time 
working operations in their two pits. Accordingly, one of 
the pits was closed on Monday, and the other stop in 
about three weeks. 


Death of a Well-known Besleoy _Voninoetne nae: 

ie, of Nethermuir, who was Lord Provost of Aberdeen 
from 1869 to 1874, died at his residence in Aberdeen last 
evening. The deceased, who was a native of New Deer, 
was a self-educated man, and distinguished himself by his 
ability as an architect, and his enterprise as a railway con- 
tractor. His greatest work was the designing and con- 
struction of Dunrobin Castle, in Sutherlandshire, which 
was built in 1845-49, at a cost of 120,0001. He also 
executed a number of important works in Aberdeen, and 
was a member of the firm of Macdonald and Leslie, which 
first started the granite polishing trade in Aberdeen. As 
a railway contractor he cons the Deeside Railway, 
the Buc and Formartin Railway, the Devon Valley 
Railway, the Perth and Dunkeld ilway, the Forfar 
Direct Line, and several others. At the time ef his death 
he was chairman of the Great North of Scotland Railway, 
of the Northern Assurance Company, and of the Aberdeen 
heey ae Y and he was also a director of the North of 
Scotland > 


Wick Harbour.—An im t announcement for the 


town of Wick was received on Mond Provost Rae 
from the secretary of the British Fisheries Y. It was 
to the effect that the directors were willing to forego tho 


society’s claim upon the harbour of 14,000. ; and it further 
indicated that there would be a modification in the pro- 

high scale of dues. It was thought that as those 
wo matters formed the chief objections to the Harbour 
Bill now before Parliament that there was a prospect of 
the measure passing unopposed. But the hope so ex- 
pressed seems not to be likely of realisation, as a move- 
ment to give the most strenuous opposition to it was 
commenced yesterday. 


Glasgow Fairfield Association.—The usual ely 
meeting of this association was held in the Religious l- 
tution ms on Wednesday evening, February 12, Mr. 
Robert Wyllie, president, in the chair. A paper was read 
MY Mr. N. Sinclair on “‘The Steam Engine Boiler as a 
eans of converting the Heat of Chemical Action into 
Available Energy.” The subject was treated in a tho- 
roughly practical manner, the experiments being pags d 
interesting and successful. There was a very large a 
tendance of members, who listened to Mr. Sinclair with 
+ attention, and on the conclusion of his paper awarded 
im a well-merited vote of thanks. A discussion then took 
place on some of the prevailing methods of fuel consump- 
tion, after which the proceedings terminated. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Application of Electric Light to Railway Stations.— 
An experiment of a very important character has been 
made at the North-Eastern rare xp A new station at 
York. It was determined as a trial ight the station 
with the electric light, Siemens’ — ing adopted. 
The experiment was made by Mr. Richard Harrison, en- 
gineer of Newcastle. Two lights were fixed over the 
general platform and about 30 ft. from it. Each light was 
enclosed in a lantern with a i om os of 16 in.'dia- 
meter, and fitted in a 5 ft. whiten The work- 
ing of the carbon points is automatic. These arrangements 
are intended to secure as far as ible an unvarying 
brilliancy and steadiness in the light. When lit the ob- 
jectionable flickering was almost entirely prevented. The 
motive power to uce the light was Tangye 
Brothers’ Soho horizontal engine, 12 horse power, and two 
of Siemens Brothers’ dynamo machines, which absorb each 
about two horse power. The lamps, made by Messrs. 
Mills and Sons, Newcastle, were each of candle 

wer, and the current sent h 100 yards of wire. 
The station was brilliantly illuminated by one Wj ; at the 
first the other did not act well. The question, course, 
is one of cost. 

A Sensible Conclusion.—A public meeting of the in- 
habitants of Gainsborough has been held, and they have 
determined to plant the streets and open places in their 
pretty market town with trees. The work, which has 


actual | already been begun, will cost upwards of 100/., and will be 


defrayed by subscription, presents of plants, &e. 

An Expensive Scheme.—The Hull Town Council has in 
hand what is known as the Ferry-boat Dock Scheme, which 
if carried out, will involve an outlay of 70,000/. The 
matter has attracted a large portion of public attention 
for some time past. A ttee appointed to consider 
the subject has advised ‘‘ that vo No. 5, ineluding a 
proper concrete sea wall and ~~ nm cr landing stage at 
an utes cost in og rs eo including ng 
for pontoon, approved.” @ years ago Mr. 
Morgan, the + inspector, reported that the 
filling up of the dock would be an improvement on sanitary 
and a he grounds. The dock company were at one 
time opposed to the scheme, but 
It has not yet been decided as to 


now concur in it. 


















































166 ENGINEERING. [Fes. 21, 1879. 
No. 397.—In service from July, 1872, to May, 1877; four | No. 416.—In service from June, 1868, to September, 1876 ; 
STEEL RAILS. —— seven months. Was in south track on tangent eight years, three months. Was in south track on 
On the Chemical Composition and Physical Properties of ny LS = of M. P., 11 from Pittsburgh. Tonnage, —~ —_  Muavtabeng Freight Warehouse. Ton- 
Steel Rails.* 935,613 tons. nage, 47,394, . 
. : : : fe. Physical Tests. ical Analysis. Physical Tests. 
By ©. B, Dusen, Fe. D, Cait, Sunytens Bel Pi ppm > ng Carbon... .... 0.283| Angle of torsion... 127° 
on prea Phosphorus '130| Moment of torsion 260 | Phosphorus 114| Moment of torsion 289 
(Continued from page 144.) Manganese ate .458 | Tensile strength at la -334| Tensile strength at 
No. 393.—In service from July, 1867, to July, 1873, in | Silicon “e 020] ruptare... ... 61,100 | Silicon .030| rupture... ww | @,915 
north track at M. P., 115 from Philadel hia ; then from ——| Tensile strength at —— | Tensile strength at 
July, 1873, to April, 1877, in No. 1, south siding, Mifflin | Total hardeners —.973| elasticlimit ... 25,850 | Total hardeners 761) clastic limit ... 28,200 
Yard. Total service, nine years, ten months. Tonnage, » inP.units 35.3 | Per cent. of elon- omen » inP.units 29.0 pines of elon- ail 
17,083,416 tons. gation ... ose \ i ES . 
; Proportional ulti- roportiona ti- 
Chemical Analysis. Physical Tests. mate resilience... 16.86 : mate nce... 29.87 
Carbon ..  .. _0.219/ Angle of torsion... 217° | No. 398.—In service from January, 1871, to March, 1877 ; | No. 417-—In service from December, 1867, to July, 1876 ; 
Phosphorus eve 065 | Moment of torsion | six years, two months. Was in north track on 4deg.| ‘ine years six months. Was in north track on 4# deg. 
Marganese os .272 | Tensile strength at curve, 120ft. west of M.P., 12 from Pittsburgh. Ton- a at Jackstown Water Station, Middle Division. 
Silicon .. 028} rupture... ... 66,975} nage, 27,296,043 tons. onnage, 34,108,667 tons. ; 
—— | Tensile strength at ; . Physical Test Chemical Analysis. Physical Tests. 
Total hardeners .584| elasticlimit ... 28,200 Chemical Analysis. ysrcat Lests. Carbon ... aes 0. Angle of torsion... 124 
» inP. units 20.6 | Per cent. of elon- Carbon... oe 0.225 | Angle of torsion... 130° | Phosphorus .075 | Moment of torsion 312 
, gation ... .. $4944 | Phosphorus -111| Moment of torsion 282 | Manganese .426 | Tensile strength at 
Proportional ulti- Manganese -318| Tensile strength at Silicon ... 041| rupture... ... 73,320 
ili | Silicon .016} rupture ... .. 66,270 Pe aren! ‘le + 
mate resilience... 49.63 - Tensile strength a 
—— | Tensile strength at Total hardeners § .887| elastic limit ... 30,080 
Total hardeners .670| elastic limit . 27,025 » inP.units 29.6 Per cent. of elon- 
No. ae service yy —~y to April, oe Th » inP.units 25.8 | Per cent. of elon- ones gation ... . 20,722 
years. as in sou on leg. curve, t. | gation ... ose 0 Fronertional ulli- 
west of M. P.,27 from Pittsburgh. Tonnage, 25,043,350 Proportional ulti- cinta. 3 
tons. mate resilience... 28.93 (To be continued.) 
¢ 333 a 334 395 396 397 
a4 cr ; ia . — 415 416 47 














Physical Tests. 


Chemical Analysis. 
Carbon... pes 0.286 | Angle of torsion... 14 
Phosphorus .083 | Moment of torsion 322 
Manganese .418 | Tensile strength at 
Silicon 023 rupture ... -» 75,670 
—— | Tensile strength at 
Total hardeners 810| elasticlimit .. 45,825 
» in Punits 27.3 | Per cent. of elon- 
gation ... «- 28.857 
Proportional ulti- 
mate resilience... 41.65 





No. 395.—In service from September, 1872, to March, 
1877 ; four years, seven months. Was in south track 
on 4 deg. curve, 1200 ft. west of M. P., 59 from Pitts- 
burgh. Tonnage, 24,606,889 tons. 


Chemical Analysis. Physical Tests. 
Carbon... ae 0.353 | Angle of torsion .. 134° 
Phosphorus -103 | Moment of torsion 338 
Manganese -576 | Tensile strength at 
Silicon 059 rupture ... -. 79,4380 

—— | Tensile strength at 
Total hardeners 1.091 | elastic limit 32,900 
» inP. units 365 Per cent. of elon- 
gation ... ... 23.860 
Proportional ulti- 
mate resilience... 37.49 





No. 396.—In service from January, 1874, to January, 1877; 
three years. Was in Subdivision 11, Pittsburgh Divi- 


sion ; records of which were destroyed by the riots; 
Tonnage, 13,683,266 tons. 
Chemical Analysis. P.vysical Tests. 
Carbon .. oni 0.350 | Angle of torsion... 105¢ 
— lp ie 
é ile s at 

Silicon .058 | rap ‘jee .. 80,370 
—-— | Tensile strength at 

T hardeners 1.168| elasticlimit ... 36,425 
» inP.anits 40.5 Per cent. of elon- 

tion ... - 15.237 
i ulti- 

mate resilience... 29.06 





* A paper read before the October (1878) meeting of the 


American Institute of Mining Engineers. 





No. 413.—In service from June, 1867, to October, 1876; 
nine years, four months. Was in single track on 8 deg. 
40 min. curve, at west end of Schuylkill Bridge, Del. 
Ex. RB. R. Tonnage, 36,901,508 tons. 





Chemical Analysis. Physical Tests. 
Carbon... eco 0. Angle of torsion... 175° 
Phosphorus -041 | Moment of torsion 280 
Manganese -208 | Tensile strength at 
Silicon -074| rupture ... +» 65,800 

Tensile strength at 
Total hardeners .556| elasticlimit ... 28,435 
» inP.aonits 19.7 Per cent. of elon- 
gation ... -- 98.239 
Proportional ulti- 
mate resilience... 39.49 





No. 414.—In service from May, 1867, to November, 1876 ; 
nine years, six months. as in west bound freight 








track on tangent, east of 35th-street Bridge, West 
Philadelphia. Tonnage, 34,839,538 tons. 
Chemical Analysis. Physical Tests. 
| Carbon... ove 0. Angle of torsion... 148° 
| Phosphorus -058 | Moment of torsion 292 
| Manganese see -326 | Tensile strength at 
Silicon .030| rupture ... «- 68,620 
—— | Tensile strength at 
Total hardeners -723| elasticlimit ... 27,730 
» inP.units 24.1 Per cent. of elon- 
gation ... -» 28.514 
Proportional ulti- 
mate resilience... 35.86 


No. 415.—In service from April, 1867, to July, 1876; nine 
years, three months. Was in south track, four years on 
| 2 deg. curve, and five years on —- near Marysville, 

Middle Division. Tonnage, 48,037,879 tons. 


Chemical Analysis. Physical Tests. 
| Carbon ... sive 0.336 | Angle of torsion... 137° 
| Phosphorus .079 | Moment of torsion 321 
| Manganese 458 | Tensile strength at 
| Silicon -061| rupture ... ». 75,485 
—— | Tensile strength at 
Total hardeners -934| elastic limit 31,725 
» inP.anits 31.3 Per cent. of elon- 
gation ... .- 24.883 
Proportional ulti- 
mate resilience... 36.75 








AMERICAN COAL IN SWITZERLAND.—The American 
Consul at Geneva has informed the Department of State at 
Washington, that the tests made of anthracite coal in several 
of the Swiss foundries have resulted favourably. The iron 
made by it is much superior in firmness, durability, and 
texture to that produced by coke. The consul thinks that 
there will be a large demand for American anthracite coal 
in Switzerland. 





PHosPHOR- Bronze Company, Limirep.—The fifth 
annual meeting of the above company was held last Wednes- 
day at the offices of the company, 139, Cannon-street. The 


company was started in the year 1874 for the purpose of 
urchasing and working a patent yoy ** phosphor- 
ronze.”’ The chai (Mr. James k) in moving the 


adoption of the report, referred to the operations of the 
company, and congratulated the shareholders on its 
flourishing condition. The directors were enabled to pro- 

a dividend at the rate of 10 per cent. for the year. 
The report.and accounts showed that a considerable trade 
had been done in the first half of the year. This was in a 
measure to be attributed to Government orders. The 
second half-year compared favourably with past years. On 
the motion of a shareholder, the two retiring directors 
(Messrs. Rock and Rouquette) were unanimously re-elected, 
and a vote of thanks to the officers of the company brought 
the meeting to a close. 





AMERICAN SHIPBUILDING INDUsTRY.—The Merchants 
and Miners’ Transportation Company of Baltimore has 
awarded a contract for building an iron steamship to the 
Harlan and Hollingsworth Company, of Wilmington, Dela- 
ware. The new steamer will be 250 ft. long, 26 ft. depth o 
hold, 38 ft. 6 in. beam, with compound engines. The vessel will 
be by several hundred tons the largest of the transporta- 
tion company’s fleet, now numbe: nine ships, and it is 
the first to have compound engines. The keel is to be laid 
at once, and the steamer will be ready for the early fall 
business. The Harlan and Hollingsworth Company have 
also contracted to build a large fi boat for the Camden 
and Atlantic Railroad Company, and an iron sailing yacht 
65ft. in length for Mr. J. R. Busk, of New York. The 
Harlan and Hollingsworth Company have built 172 iron 
ships, steamboats, and vessels. e works cover an area 
of 26} acres, and comprise over forty buildings. The 
number of men employed when everything is in full swing 
amounts to nearly 2000. 
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i of the ventilat' the 
STEEL RAILS: SUMMARY OF RESULTS OBTAINED. eT ae ee ab Anahie Gan Bote 
TABLE I.—Snow1ne Tonnage, LocaTion, AND REsuLTS OF CHEMICAL ANALYSIS OF TWENTY-FIvE lithofracteur and ordinary blasting powder had been used. 
SAMPLEs OF STEEL RAIL. The wages paid at this tna pm » had been 5s. for 
boys, 6s. 6d. for labourers, and 7s. for miners. The works 
i for the length of four miles, on the course of the 9.in. 
; : ae a ee Be Total in | main, which connected the lower reservoir with the 14-in. 
ag Tonnage. Location. Carbon. phorus.| ganese Silicon. | Total. | Phosphorus | main, comprised twenty-one creek crossings with sixteen 
0. Units. stone weirs, two heavy rock side cuttings, ire retaining 
walls across » and six tunnels te 
415 48,037,879 2 deg. curve and tangent| 0.336 | 0.079 0.458 0.061 0.934 31.3 length of yards; whilst the levels of the d 
416 47,354,754 Tangent 0.283 0.114 0.334 0.030 0.761 29.0 posed over varied from 150 ft. below to 115 ft. above 
390 47,332,411 2 deg. curve 0.291 0.057 0.354 0.068 0.770 25.9 he hydraulic gradient. As a regular gradient was im- 
262 44,636,201 9 - 0.337 | 0.056 | 0.374 0.056 | 0.823 27.1 yroctiabie, the plan pursued was to follow the bottom of 
413 36,901,508 8 » 0.233 | 0.041 | 0.208 0.074 | 0.556 19.7 he valley to the mouth of the gorge, then to tunnel through 
414 34,839,538 Tangent 0.309 0.058 0.326 0.030 0.723 24.1 the spurs, where the windings of the creek would have le 
417 34,108,667 44 deg. curve 0.345 | 0.075 | 0.426 0.041 | 0.887 29.6 this course too circuitous, and to ascend by a steep incline, 
392 $2,957,247 4 %9 0.231 | 0.087 | 0.364 0.047 | 0.729 26.0 so as to obtain the shortest route to the tunnel mouth 
398 27,296,043 4 9 0.225 | 0.111 | 0.318 0.016 | 0.670 25.8 without rising above the calculated ient. To deliver 
394 25,043,350 2 a 0.286 | 0.083 | 0.418 0.023 | 0.810 27.3 the required quantity of 750,000 ions every 24 hours, 
895 24,606,889 4 99 0.353 | 0.103 | 0.576 0.059 | 1.091 36.5 this gradient was fixed at 4 in. per chain for the 9 in. 
393 17,083,416 Tangent 0.219 | 0.065 0.272 0.028 | 0.584 20.6 pipes, and at 2 in. per chain for the old 14-in. pipes. In- 
388 37,005,142 * 0.303 | 0.166 | 0.316 0.082 | 0.817 34.6 stead of self-acting air-valves, blow-off cocks were attached 
889 $4,333,639 Curve 0.343 | 0.127 0.670 0.036 | 1.176 39.3 to the mains at the principal summits, and the maximum 
391 30,873,173 44 deg. curve 0.294 | 0.181 | 0.354 0.020 | 0.849 36.0 delivery of the new mains was often 1,100,000 gallons in 
397 21,935,613 Tangent 0.365 | 0.130 | 0.458 0.020 | 0.973 35.3 24 hours, or 350,000 gallons in excess of the calculated 
277 16,600,728 ” 0.573 | 0.075 0.853 0.182 | 1.688 52.9 delivery. The average cost of laying the new mains was 
396 13,683,266 Unknown 0.350 0.134 0.626 0.058 1.168 40.5 less than 11s. per lineal yard. This included the cartage of 
83 10,027,131 9 deg. curve 0.823 | 0.135 | 0.522 0.0385 | 1.015 36.4 the pipes for a distance of 24 miles, earthworks, petaining 
282 4,535,318 Tangent 0.354 | 0.132 | 0.552 0.050 | 1.088 38.5 ak and stone weirs, but was exclusive of the driving 
371 2,741,056 16 deg. curve 0.386 0.127 0.380 0.053 0.946 35.8 the tunnels, and of the cost of the pipes. The cost of layi 
372 2,741,056 ae 0.416 | 0.155 | 0.460 0.034 | 1.065 40.3 the mains through the tunnel came to rather more 
373 2,741,056 ” 0.300 | 0.138 0.412 0.024 | 0.874 33.2 11s. per lineal yard. The wages paid per day were 6s. 6d. 
347 Five days’ service Unknown 0.387 0.056 0.670 0.035 1.148 33.6 for labourers, and 9s. for jointers. 

32 Broke 1st train ” 0.359 | 0.156 0.505 0.0385 | 1.055 39.4 In an appendix the author gave the details of the Stony 
Creek reservoir, aqueduct, and pipe-head reservoir, of the 
lower reservoir, new main, and Anakie Tunnel, of the dis- 

TABLE IIl.—SHow1na TonnAGE, LOCATION, AND REsuLTS OF PaysicaL TEsts OF TWENTY-FIVE tances and levels of the old main, from its junction with 

SaMPLEs OF STEEL Ratt. the new main to the valve-house at Lovely reser- 

voirs, and of the service reservoirs, with a statement of the 

Tent Senet om oe ak ot Salts, te 

al iu rom the Ist o! P 

Rail T Location. fom or ae Tensile Strength Elonga- Ultimate 8lst aT dscmben, 1 5, v M ” 

No. — ‘ = : | Strength. |at Elastic| gation. |Resilience. 
Torsion.|Torsion. Limit 
‘ FOREIGN AND COLONIAL NOTES. 

deg. The Electric Light in New Zealand.—One of Siemens 

415 48,037,879 2 deg. curve and tangent} 137 $21 75,485 31,725 0.248 86.75 electric lighting apparatus, recently imported by Mr. D. 

416 47,354,754 Tangent 127 289 67,915 28,200 0.216 29.87 Proudfoot for use in connexion with an Auckland harbour 

390 47,332,411 2 deg. curve 126 302 70,970 32,900 0.213 31.95 dredging contract, was exhibited November 2nd from the 

262 44,636,201 9 * vie wa No tests made of this rail. roof of Messrs. A. Briscoe and Co.’s premises, Prince’s- 

413 36,901,508 8} ss ums - —- oo oom ne street, Auckland. 

414 34,839,538 Tangent 14 , , . . Australian Telegraphy.—An intercolonial ‘erence 

417 34,108,667 44 deg. curve 124 | 312 73,320 | 30,080 | 0.207 | 31.77 | recently held_at ee to secure a tokens cable 

392 32,957,247 4. a 151 294 69,090 | 30,550 | 0.295 | 37.24 — | between Port Darwin and Singapore having been successful 

398 27,296,043 4 130 282 66,270 | 27,025 | 0.226 | 28.93 | contract with the Eastern Extension, Australasia, and 

a) Bees .s 1, | gos | Fotagn | 33000 | 0300 | rap | Shins, Telegraph Company (Limiled), "tas been signed 

395 24, 9 ” ’ 2 . . i i i i 

393 17,083,416 Tangent 217 66,975 | 28°20 | 0.549 | 49.63 | {us rend i with Rusege ene 

388 37,005,142 pa 120 322 75,670 31,725 0.195 31.21 : P = 

389 34,333,639 Curve 121 320 75,200 | 30,550 | 0.198 | 31.02 |, Railson the Berg and Mark Railway.—The administra- 

391 30,873,173 44 deg. curve 117 333 78,255 | 33,605 | 0.186 | 32.42 | tion of the Berg and Mark Railway have published the 

397 21,935,613 - Tangent 82 260 61,100 | 25,850 | 0.095 | 16.86 | result of some inquiries which they have been making as to 

277 16,600,728 a 101 433 | 101,755 | 48,005 | 0.142 | 936.81 | the durability of rails. They have come to the conclusion 

396 13,683,266 Unknown 105 342 ‘ 36,425 | 0.152 | 29.06 | that iron rails last twelve years and Bessemer cast-steel 

83 ae 9 oe. -— 106 340 ete —. Py 28.60 rails twenty years. 

282 4,535, ‘angen see an ° made is rail. Australian Coast Sw 8.—The schooner Ariel 
: 371 2,741,056 16 deg. curve 8 | 342 | 90,870) 47,000 ; 0.102 | 2468 | returned from a survey of the north sonst of Acstralis, 
” 372 2,741,056 17 9 102 346 81,310 30,550 0.144 29.26 | During the cruise, the Ashmole shoal was taken possession 

373 2,741,056 — ” 102 281 035 25,850 0.144 23.06 of ; this shoal is estimated to contain 100,000 tons of 

347 Five days’ service Unknown 67 306 71,910 80,550 0.065 16.65 guano. 

32 Broke 1st train ” ill 333 ,255 30,550 0.169 29.80 Steel Rails on the Pennsylvania Railroad.—Some two 


























_— since, < Le gs oe Railroad Company, in bn 
of the unsatisfactory wear it was obtainin m its stee 
THE WATER SUPPLY OF GEELONG. immediate direction of the author, as resident engineer of | rails, asked to have more carbon put into "hee with the 
Ar the meeting of the Institution of Civil Engineers, held | the Geelong district, Mr. George Gordon, M. Inst. C.E., | view of making them harder to resist wear. Before the in- 
on the 1ith of February, Mr. W. H. Barlow, F'.R.S., vice- | being the chief engineer of Victorian water supply. crease, the limit of carbon for rails to be used on the Penn- 
dent, in the chair, the first paper read wason “The | The works which formed the subject of the paper were : | sylvania Railroad was from 0.30 to 0.50 per cent. After 
ong Water Supply, Victoria, Australia,’’ by Mr. | The failure and repair of the Upper Stony Creek reservoir ; | the increase the limit was from 0.40 to 0.50 per cent., thus 
Edward Dobson, Assoc. Inst. C.E. the construction of a concrete dam at the lower reservoir ; | securing on the ave perhaps about a tenth of a per 
In August, 1871, Lieutenant-Colonel Sankey, R.E., re- | the driving of a tunnel, 88 chains Jong, through a volcanic | cent. more carbon in the stecl. Mr. W. H. Brown, chief 
to the Victorian Government, recommending the | formation at Anakie Gap; and the laying of a new 9-in. | eugineer in the Maintenance of Way Department, states 
construction of the follo works, some of which had | main, for a distance of 4 miles, through the gorge of the | that rails of higher carbon are giving poorer wear than 
only been partially executed, viz.: 1. An open channel | Stony Creek valley. The failure of the Stony Creek dam | before the limit of carbon was raised. This opinion of Mr. 
from Wallace’s Swamp to the Stony Creek reservoir. 2. | was attributed to an injudicious selection of the site, the | Brown is based on his observation of the wear of higher 
A storage reservoir at the head of a Creek, 26 miles | foundation being unsuitable for its construction. This | carbon rails, and on the number of renewals of these rails, 
from Geelong, with a capacity of 754,000,000 gallons. 3. | had led to the subsidence of the puddle wall, and, after the | rendered necessary by the condition of the track. 
A brick-lined aqueduct, communicating by a natural | water had been let out of the reservoir, to a slip of the Destruction of Timber Lands.—A writer who has bee 
watercourse with a small pipe-head reservoir at Anakie Gap, | water face of the dam. The dam was repaired by pumping ; iicel Gonest iecen, thelr writer who has been 
holding 1,330,000 gallons. 4. A length of about 133 miles | out the water and slush lying below the level of the outlet ies Stetes oad their effect a aes = 
of 12-in. and 14-in. main, leading from the pipe-head re- | valve ; b cutting a new bye-wash at the north end of the that sines 1835 th forest party) avd health, 
servoir to the service reservoir. 5. A service reservoir at | dam, 27 ft. lower than the original bye-wash; by placing ako has decrensed a th 1 0 Western Homi- 
Lovely Banks, with a capacity of nearly 6,000,000 gallons, | the stone from this cntting in front of the slip; and, by | °P hook tee exten cine ad en oe 
and filter beds to pass 1,250,000 gallons every twenty-four | bringing the bank up from the new toe at a slope of 4 to 1 the U: Sted States ‘Gene nd erg bee 600 7 
hours. 6. About 4 miles of 16-in. and 2 miles of 15-in. | instead of 3 to 1. The cost of these repairs was under |; 1835 to 7000 les in 1855, at Ape. a miles 
main, leading from the service reservoir to the town of Gee- | 40001. The concrete dam at the lower reservoir had been | :" 1976 while the last ! pa Plemet e pret nee 
long. 7. About 42 miles of submains, varying in diameter | erected in a gap at the lowest of the reefs which divided | ™ 1876, w sate nth poe have boon iy Joes 
from 12in. to 3in. The tion of and its | the Stony Creek valley into basins, giving a exhaustive. Statistics for 80 years previous to 1835 show 
suburbs was under 25,000. The cost of these works, up to | reservoir of about 142,000,000 gallons, with a depth of | ‘Mat, the Americans have been wasting the supply of 
the Ist of July, 1871, had been 281,7721. Among Colonel | 42 ft. of water over the outlet pipe. The concrete was moisture to d.merican soil at ee rte Pian “ Jt mena 
Sankey’s suggestions for the completion and improvement | broken sandstone quarried on the spot, mixed with cement for each quarter of century during the last 1 yee, 
of the water supply, the reeye were important, as | mortar, made of pit sand and Portland cement, in the pro- and thet they are now wing the limit beyond whieh 
bearing on the —— history of the works, viz., that | portions of 2in. metal 4}, screenings 1}, sand 1}, and any further decrease materially influence the climate 
the water should not be allowed to rise within 15 ft. of the | cement 1. The foundation of the dam was iefly on vertical of the — - ney . fra nytt 
bye-wash, until all subsidence of the dam has ceased ; that, | strata of slate and sandstone. The form of and the mode of | ®%°2 98 Af g Sean, See, ae Miner, ote 
instead of conveying the water to the pipe head by an open | construction of the dam were described. ‘The cost of the | Possessed of « fine climate and abundant “pape 
aqueduct, a main should be laid for the whole distance ; | work was 17,0C01., exclusive of engineering superintendence. sourged by terme 20d famtus, and it is utge 
that re reservoirs should be constructed between | On the line of the new main five short rs ine pert driven | *at nee ey ama a a ame 
Anakie and Lovely Banks, to lessen the pressure on the | through spurs in the gorge of the Stony Creek, which spurs native forests. 
main ; and that there should be a jae at the service | consisted of vertical strata of sandstone and hardslate, the| The Suez Canal.—The number of ships which passed 
reservoir, to allow of the latter being shut off for repairs | strike being at right angles to the direction. The minimum | through the Suez Canal in January was li7, as compared 
— interfering with the town —. Several of | size of the tunnels was6 ft. by 3 ft., and their total cost | with 156 ships in January, 1878, and 139 ships in January, 
ese works had been successfully comp. under the | was a little more than 3/. per lineal yard. The main diffi-11877. The transit revenue collected in January was 
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168 
METALS. 
£ 
ANTIMONY On (pér ton)— 10 
Regulus (star) ....0...0--05 - 46 





(per ton) 
GUEKELS ...00cereceeesceeeeerers 5 
Chairs.... 3 
Pipes ..... 4 





Ron ORES (per ton)— 8. 





Red hematite, British r 
” ” puddling 14 
Iron Pra (per ton) — 

Barrow No.1 w.cccccceseres 62 
e A” “cmtakbsots Os 

” ‘Sl lar aeere 61 
Cleveland No.1 .... 35 
” ” 2 oo 

” 33 





» 4 orgs) 3 

Other qualities — 

Welsh (South Wales)... p< 
ed (North Wales) ... 60 






Summerlee 
Langloan ... ate 
Monkland 
Oly de 2.00000 oo @ 
Govan, at Broomielaw ... 42 
Calder, at Port Dundas... 48 
Glengarnock, at Ar- 
a messupeise 


rossan . 
Eglinton, ditto .. oe 
Dalmellington, ditto . chee >= 
Carron, at Grangemouth 60 
Ditto, specially selected 65 
Shotts, at Leith v...weynee $0 
Kinneil, at Bo'ness ......... 


(The above all deliverable s alongside). 


Shropshire... sree 60 
No Staffordshire ...... 45 
South 


60 
Yorkshire Thornaby pig. 60 
Ridsdale Nos. land? ... 90 
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S0O0Sm cobePp sooo# 
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AROHAACACABKHMoEococseooscsan 
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PRICH LIST 














Inon, WRouGHT — £ 
Cleveland angles............ 5 
» coil 5 

os ed bars. 3 

4 iler plates. 6 

pa D scoops 5 

” ship plates 5 

e ts... 7 
Seotch bars 6 
nail rods . 6 
Staffordshire bars. 6 
” ates. 8 

os ler. 9 

” ll 8 
Welsh — 8.W... etee 3 

” ae 

” boiler plates, 8 ‘SW. 9 

» hoops, 8.W » w= 
Leap ton)— 

ieee 13 

ae Y| 

Spanish .. ee 683 
PHospHor BRONZE— 

(POT COD) .....0:.ecceresrerees TOS 
QUICKSILVER (per bottle) 6 
Scrap (per ton) - 

Old rails for re-manu- 

facture .. monsesoqemes @ 

SPSLTER (per ton) — 

Silesian, ordinary ......... 16 
SPIEGELEISEN (per ton) — 

COMMON......00eceerreeeee — § 
STSBEL (per ton) — 

Best cast... eacsoceees, 90 

9 double shear ......... 45 

GID. 59 ccccccescece (38 
Bhglish sores -. ence 86 
Blister .. shiseetipande, 0 
Milan ........+ 28 
Bessemer rails. 5 

°° tyres . 8 

axles oo 1@ 
e billets .....u.0.. 6 
pa INBOts w.veceee 5 


STEEL CASTINGS (per cwt.)— 
Hydraulic cylinders in 
the rough not to ex- 


coed 6 ft. in = 8. 
guaranteed... 26 
Do. do. finished... 30 


Pinions and cog- wheels .. 25 

Hammer __ tups, faces, 
swages, s cwt. and 
above ...... 20 

Holders-up for “Tivetting 
a 3 a io to 5 
owt... 25 
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Sree. Castinas—continued 
Side cranks, cross heads, 
crane wheels, engine 
WAOR, BC. ..rercrvarnseseree 
Tumbler bars and other 
castings for dredging 
Sweopise# Iron (F.0.b) at 
Gottenburg 





TIN PLATES (per a - 
LO, charcoal. . pendhoet 
LX. 


ZINC (per ton)— 
Sheets, English... 


WIrs, fencing 


” Telegraph (gaivanised) 6 
COALS AND 


COALS (per = 
BA rTOW . .c.eccccceccceceseoe sees 





Lancashire | cond - 
Newcastle and Darna ™ 
Scotch.. - 
Staffordshire.. 
elsh .. vdinsbdssrtedsocesée 
Yorkshire . Soencestignarcedsens 
CoKkE— 
Cleveland ..... 
Durham 











OILS, GREASE, a ere 


OILs or tun) — 
Seal, DOWN .......00ecceceeee 


jc 1D deve 
Sperm body . 
Whale, pale . 
© yellow .. 
CI acadibcnebe-ccetemaneseapence 
PETROLEUM— 
Fine (per gallon)............ 
COAL oil, refined ............... 
RaNGOON engine oil ......... 
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OF MATHRIALS: 


THURSDAY, FEB. 20, 1879. 


ro ~ A sad rk ee _ 8 
sseneeetenmtes 5 
eae re | 
PLcMbAco (per owt.) — 
Ceylon lump... 
» Chips ,, 
a dust ..... - 
RAILWAY GREASE (per 
cwt.)—Rose’s 28 
Pritchard, Offer and. Goi 8 
concentrated ...... 60 
RESIN (per cwt.)— 
AMETICAN .......c000eee 5 
TALLOW (per cwt.) 
| N.American .....i.uAni 














Soe, English 13 
oe 20 
Archangel . srcsese 3S 
| ‘TORPENTINE— ‘Spirit — 
American (casks) ......... 
WIPINGS, engine (per cwt.) SS 


CHEMICALS, 
8. 


Acips— 
Aquafortis (per Ib.)......... 06 
Sulphuric acid (per lb.) o 
Sulphuric acid, brown...... ° 
AMMONIA — Muriate Hcl £ 
ton) .. 29 

| ARSENIO— 


8. 
White, lump ee cwt.) ... 2 
Powdered So  gareeee ny $- 

BLEACHING powder percwt. 5 

| Borax—refined (per cwt.) 35 

— (per ton)— £ 


MMT ctcthccccetsencsnddecsnees 5 
Flour Ir 
BROM! .crcccococeccccccccccccccoccee 8 

COPPERAS - green ,,........00 50 


CopPeR — Sulphate (pers. 
cwt. 


aoatate, WEEE ccnjessncsattie 25 
eee 22 
ae eee oo eee 17 
WHERED  cadeccccccosintapisbions ar 
LITHARGE (per cwt.) ., 19 


Porame—Bishromets (per 

b. neon 

SALTPETRE (per cwt.) 
English refined, kegs ... ar 


Sopa Caustic 
» Orystals 














86,8001., as compared with 114,3901. in January, 1878, and 


112,4051. in January, 1877. 


Metropolitan Elevated Railroad of New York.—A 
Second Avenue extension of the 
tan Elevated Railroad of New York has been 

given out, and the work is to be completed by September 
next. he ironwork includes 2000 columns and 6000 meeting of this Soci 
girders, in all 25,000 tons of iron. ' 
Clark, Reeves, and Co., of Phonixville, Pennsylvania, 
who have ae this gigantic task, are also engaged 
in building 3} miles of the western extension of the metro- 
politan line which requires 13,500 tons of iron. 
Avenue line is to be built of extra strength in view of a 
heavy traffic, the test weight being eight times the heaviest 
load which will be at on it, Express trains will ran the 
whole length of eight miles in 20 minutes. 

Victor Harbour.—A breakwater 3000ft. in length is to 
be carried out at Victor Harbour, South Australia. The | des Arts et Métiers, Paris ; 
breakwater is to be faced with 20-ton stones. At the last 


contract for i © the 
Metropoli' 


The firm of Messrs. 


dates from South Australia, the shipment of wool was | Count Dub 


proceeding briskly, and Port Victor presented a busy | Burtchael, » County 


appearance. 


The Borsig Works.—It is announced that the Borsig 
Iron Works (Germany) are about to su 
for a time. The works have been carri 


some time past. 


Fortifyin o Big oat —The great coin depository of | N.Z.; William = 
the United Treasury, at the corner of Wall and Edward 
| amare New York, fi 
building, will soon present the si 
bined treasury and fortress. E 
street side—num bering exactly two 
ings in the basement and beneath the broad flight of marble 
steps—will be heavi Bg vy: rem ndi 
or roy ens asylum, while the windows 
will be provided, in vadition with Muchicould’s 
shutters, which are constructed in 


assaults of a mob, or ite ne = The hon woold 


nd operations 
on at a loss for 


ow on the Nassau- 
wee he nciee of open- 


one of a prison 
the upper es Ahmednu 
ee on-Trym ; oseph Crawhall 
such a manner as ayo Chatterton, B.A., Stud. Inst. C. 
Patrick Churchward, Stad. Inst. ©. E., Pembroke Dock ; 
Edinburgh ; Robert Edward Creswell, 
Giovanni ‘Cuceo, Stratford, Essex ; 
Robert Edward Dunston, Stud. Inst. C. E., Diko: 
ws, coal | Arthur George Evans, L. 
James Fortescue 
Augustus Francken, 
Hon. Malcolm Fraser. Surveyor 
Australia ; Arther Robert William Fulton, Outram, N.Z. ; 
be fractured, while the | John Ward Girdlestone, Bristol ; 
greatest | Ceylon; Edward Francis 


, there to be held 
’ shield or screen, 
hese ag ee ierced for | Burton-on-Trent ; 


Ne drilled oe oe sawed off only with the 


Swansea ; 


Hong Kon 


the Custom House | the Imperial Celle 
oct tacle of a com- | mund ide Bertodan: 
well, Canterbury, N.Z.; Cecil 
Inst. C.E., Hampstead ; 
Quebec, Canada ; Edward Ernest Brice, P.W.D. 
laide, S.A. ; Bernard ‘William Cantopher, Stud. Inst. C.E., 
Brody sank Westbury. 
man, S rland ; George 
a nninater : William 








difficulty. In addition to the means of defence above 
scribed, there will be three circular iron turrets on the 
roof, each 6 ft. in diameter, pierced for musketry, like the 
shutters below. The plates will be jin. thick, and the 
bars for the gratings 14 in. in diameter. 





H. Barlow, F.R.8., 


Prof. Henri Tresea, S 


Members, viz. 
Borough Engineer of Portsmouth ; 
Monte Video; Robert Gervase 
; William Anderson, City Surveyor, Auckland, 
Aubrey, Leytonstone ; illiam 
f Bogincesing, Japan ; Charlee ‘Ed- 
re eering, Japan es Ed- 
o, Buenos are Louis Buckland Black- 
Philip William Bond, Stud. 

St. George James Bowwell, 
e- 


Claudius Albeck, 


essor of 


Frederick Couper, 


Tue InsTITUTION OF CIvIL ENGINEERs.—At 
on Tuesday, the 4th inst., Mr. W. 
ice-President, in the chair, it was 
announced that the Council, acting under the provisions 
of the Bye-laws, had recently transferred Messrs. Peter 
Th a a og ae Charlies Townshend Hargrave, Francis 

e Secon: oyle Henslowe, Witten Maylor, Frank Bailey 

m Richardson, Harco 
Thomas Finsbury 
Associates to that 


D., Ceylon ; 


C.E., Assist. Eng. 
= Stud. Inst. 
beeb Masallem, Stud. I 
i Latham, mp Bereva? Pc Middlesbrough ; Joseph 
Leacroft,- Cannock ; Robert Kennaway Leigh, 
Office of the Crown Agent for the Colonies ; Luke Living- 
ston Macassey, Belfast ; Alfred 
Bettws and Festiniog Railway; J 
Director of the Sealnider Mening Ce 
Thomas de Coure Pwo Kilburn ; lathes toon 
W.D Ceylon ; Robert Edward Norfor, 
; William Thomas = Man- 


Passmore, 
orus Hora Siccama and 
timus Wakley from the class of 
Members. The monthly ballot 
resulted in the election of one Honorary Member, viz. 
Sub-Director of the Conservatoire 
six Members, viz.: Mes: 
James Bell, —— Surveyor of the North District of ‘the 
lin ; Robert Briggs, Philadelphia, U.S. ; Peter 
Surveyor of Kilkenn any i Edward Cousins, 
Daly Ormsby, P. 
Charies ‘Wood Middlesbrough ;_sevent; four Associate 
ornelius rge Adames, 
Charles Christian 
Alford, 


Stud. Inst. C.E. > 
Ex. Eng., P.W.D 
chester ; Edward. Matthew Ring 
William de Winton Peel, t. Eng 
Samuel Matthew Pipe, ny Docks? 
Prouse, Stud. Inst. C.E., Hammersmith ; Frederick: Thomas 
Reade, King’s Bench- walk ; T 
Mon. ; Robert Runeberg, Helsi 
Sergio de Saboia-e-Silva, Rio de Janeiro ; ; Theodore — 
Assist. Eng., Imperial Railways of Ja 
William Sharp, Wellington, N.Z. ; Sam Shs 
-E., Hepworth, near Huddersfield ; George A 
Grant Shawe, Stud. Inst. C.E., Assist. Eng., P.W.D 
India; James Thomas Sheldrick, Clapton ; Joseph Bird 
Stanley, Brisbane, Queensland ; Charles Edmund 
e-on- Tyne ; Arthur Sulivan, Stud. Inst. 
ing. P.W.D., India ; Thomas Sunderland, 
Borcagh Surve or, Blackpool ; Herbert Charles Erskine 
Vernon, Stud. Inst. C.E., Apeie. ot P.W.D., India ; 
Richard Wallnutt, Ex. Eng. n 
era Hull ; William Wivellated 
‘Wilson, ‘Stud. Inst., C. ~, Demabaryj ‘and i 
ip, Borough Surveyor, 
pm viz. : : Messrs. Henry Robert 
bert rles 


Combes, Glanmire, N.S.W.; ven inal, pi Franc 
Henry Izard, Colombo, Ceylon ee 


i George Harlowe 
Gas Company ; and Willies iiligan Wyatt, — 


» Ceylon ; 
and Y. Railway, ncheste 
one 7 Fenchurch-street ; William 
sist. Eng., P.W.D., India; the 

General "of Western 


Charles Good, Colombo, 
Gordon, Stud. Inst. C. E., Assist. 





Eng., P.W.D., India; Henry Edmunds Haddon, B.A., 
Stud. Inst. C. E., Assist. Eng. -» P.W.D., India; William 
Auc » N.Z. ; : Charles William 
, King’s Lynn; Edward ” Arthur Hoare, Q. M. O. 
ilway, Quebec ; Charles William Hodson, Stud. 
Assist. Eng., P.W.-D., India; William John 
Hollingsworth, Old Kent-road; John Geor 
Glasgow ; William Hughes, Ex, Eng.» P.W. 
John Hunter, Jun., Stud. 
Isherwood, Runcorn ; Edward a Jacob, Stud. Inst. 
P.W. D., India; Joshua Per 


.E., P.W.D., D. Sydney, N-8.W: 5 
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ors, Finland ; —. 
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MINERAL WEALTH OF RUSSIA.—No. II. 
. COAL. 

In reviewing the mineral wealth of a country like 
Russia, where so much room is left for industrial 
development, and where capital and enterprise are 
alone wanted to bring to light the treasures its soil 
contains, we consider that coal, being equally neces- 
sary to every branch of metallurgical industry, may 
safely claim to occupy our first columns devoted to 
this subject. 

We had occasion to mention in our introductory 
article that several carboniferous formations cover 
very extensive portions of the Russian empire. At 
a glance at the geological map, published on page 
89 ante, one is struck by the immense tracts that 
are represented as belonging to this geological age, 


ae 
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but we must add that the larger portion is formed of 
the lower beds, and in most cases of the mountain 
limestone so well described by Murchison, Verneuil, 
and Keyserling. 

The Donetz Basin—We have already noted the 
Donetz formation as being the richest in coal measures, 
and, for many reasons, the most interesting of the 
Russian coalfields. The name is applied to a. vast 
district covering about 2,160,000 hectares, and sub- 
divided into ten distinct fields by accidental up- 
heavals and geological disturbances. The total 
surface of the Donetz is almost equal in extent to 
that of all the coalfields of Great Britain, and to 
more than four times the surface of the French 
carboniferous formations. The real and practical 
extent is doubtless far ter, for, besides what is 
apparent, we must consider that to the north, east, 
and west the beds dip under more recent formations, 
through which vestiges of the carboniferous epoch 
a out at intervals, and clearly show that the 
hidden portion of the basin is of very great import- 
ance, Similar to what has been remarked in 
Scotland, the coal seams are here constantly found 
=— with limestone strata containing marine 

e 


The Don, the Donetz, the Kalmiouss, and the 
Miouss rivers flow through the country, but the 
Donetz alone is used as a means of transport, and 
a large portion of the coal raised is carried away by 
this channel. Two railways also _ through the 
district, the Kharkov-Azov and the Voroueji-Rostov, 
and a third, the Donetz Railway, will shortly be 
the means of placing the central — of the coal 

in a position to be profitably worked. 

Coal has been known to exist in the country for 
many years. Peter the Great, who it is said was 
shown a sample, predicted wealth and prosperity to 
the bling 6 These words of encouragement have 
doubtless taken some time to develop into practical 
realities, although it can be hardly said that they 


.vinced that his predecessors had not erred. 








were entirely forgotten during the long years that 
followed. 

In 1795 the first geological researches were un- 
dertaken by M. Illyne, who besides coal, discovered 
in the same neighbourhood iron ore and argenti- 
ferous lead. In 1827 Mr. Kovalwsky, who was 
afterwards Minister of Public Works, entered upon 
a minute study of the Donetz formation, and 
described twenty-five coal seams and iron 
deposits. Shortly after this, Mr. Elie de Beau- 
mont, who doubted that the beds were of the car- 
boniferous age, had a collection of fossils and rocks 
sent to Paris, and, on examination, was soon con- 


In 1842 Messrs. Le Play Maleuveaud, and La- 
lanne, published their notes taken from 1834 to 
1839. They describe 94 coal beds containing 225 









seams; also 30 deposits of iron ore. These re- 
searches were afterwards completed by Messrs. 
Murchison, Verneuil, Cotta, Ludwig, &c. The Go- 
vernment then ordered a complete and correct ma 
of the Donetz basin to be drawn out, and the wor 
was ably accomplished under the guidance of M. de 
— ee 

e accompanying plan and approximate sections 
give an idea of the Sites of the Donets coalfields, 
and of the irregular positions given to the beds by 
geological disturbances. As we have before men- 
tioned, the carboniferous limit disappears on almost 
ali sides under strata of a more recent date. In the 
south-west direction, however, the crystalline rocks 
are seen at surface, represented by gneiss, mica- 
schists, porphyry, and granite, on which rest the 
beds of mountain limestone containing fossils of 
the Productys giganteus. Limestone containing the 
same fossil is again seen in some of the central por- 


beds, The sandstone is at times traversed by 
quartz lodes containing argentiferous lead. 

Above this lining, or basis of the partial basins, 
are found the coal-producing stratifications, divided 
according to M. Ludwig into five paleontological 
series. Placed above these again, and serving as a 
transition from the Carboniferous to the Permian 
ponte are beds of coloured clay, of sandstone, and of 

estone, with fossils of Fusulina cylindrica. Then 
follow the Permian rocks, that shortly dip under 
Jurassic, cretaceous, and tertiary formations. 

The coal seams are often very numerous, but 
their thickness is never more than 2.75 m. The 
quality of the coal found varies from anthracite to 
ges coal, with almost every intermediate variety. 

© special working difficulties have as yet been 
encountered ; although the dip or underlay of the 
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seams frequently changes and varies, few faults are 

as yet known. Water has not been found in 

abundance, and fire-damp, probably owing to the 

— state of the present workings, is as yet un- 
own. 

In the accompanying plan the large numbers indi- 
cate the Fal basins or sub-districts of the 
Donetz coal formation, We will now mention each, 
and attempt to indicate, in a few words, their rela- 
tive importance at the present date. 

I. Kalmiouss-Toretz Sub-district.—This most pro- 
ductive portion of the basin is situated at the 
western extremity. In 1875 it yielded 350,000 tons 
of coal, which is equivalent to 42 cent. of the 
total production. It covers one-sixth of the sur- 
face of the Donetz. The strata is chiefly formed of 
sandstone, argillaceous schist, and limestone. Both 
anthracite and long flamed coal are worked, and 
brown hematite and lithoid carbonate of iron 
are met with. 

This sub-district is divided into what are termed 
the north and south branches. The principal mines 
are numbered on the plan; from 1 to 7 are in the 
first division and 8 to 13 in the second. 

North Branch.—The Schterbinovka (1) mines 
contain 15 seams of coal, of which 10 are over 
0.90 m, thick, worked by Messrs. Scheyerman and 
Co. Placed between two railways, this deposit will 
he rapidly developed into active working. 

The quality and quantity of coal taken from these 





mines is shown in the following Table : 




















Deposits. | Yield of Ash. Sulphur. Leen ire tees 
| cent. per cent per cent. 
Schterbinovka (1) ...  —o. ..| 61.8 to 70.0 8.25 1.1 7.400 23,000 
Nikitskoié he 3. dp .-| 67-2 ,, 70.7] 0.7 to 5.6 1.2 7.670 500 
Gélézniausk @ how: a abd Aha ..| 54.8 ,, 63.6 5 6.348 5,000 
Korsounsk MD» Speat s' <> gue z 2theb t. jabe::, aps] Mugg SOT | OSD 1° OBS 7.560 30,000 
Sophievka @ Sets “Sohn, sier Biden. ak, Mas ees 1.4 ,, 2.7 | 7.865 
Oe errr ta vf 69 ,, 87. | 1.2,, 5.4 0.8 ? 





tions of the basin where, as shown in the sections, 
the under beds have been brought to surface, and 
in consequence form partial and ate basins. 
The upheavals have generally been di d north 
65 deg. west. 

Laying on the limestone are generally found 
beds of sandstone and clay-slate, with smaller lime- 
stone deposits and brown hematite. A few coal 





seams are found on the upper portions of these 


The Nikitskoié (2) mine contains 14 seams, 
of which 5 are over 0.90 m. thick. 

The Gélézniausk (3) mine counts 16 seams, of 
which one is 2.70 m. thick. In thesame neighbour- 
hood iron ore i# found containing 67.5 per cent. of 
oxide of iron and. 5.7 per cent. of ouides of man- 
ganese, M. Foursov is the owner of this deposit. 

The Korsounsk (4) mine is worked byM. Poliakov, 


and must be mentioned as being the most advanced 
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of the district. Eight seams are known, of which |ficant. The total quantity of coal raised in 1875 in] IX. The Grouchevka beds of anthracite, situated 
four are at preserit worked in a very regular and | No. 2 was: at the extreme south-east of the Donetz, are ex- 


creditable manner. 

The Sophievka and Vérovka (5) mines contain 
19 beds of coal, of which sonie affain 1.50 m. in 
thickness. In the neighbourhood 14 beds of brown 
hematite are known to exist, attaining in some 
cases 1.10 m. in. thickness, Notwithstanding ‘the 
extent and abundance of these deposits, they have 
not as yet been worked. 

The Volintzovka (6) and Mikhailovka (7) mines 
are also lying idle, although they are both known 
to contain numerous and abundant deposits. 

South Branch.—This subdivision only becomes 
wortliy of notice to the west of the Krinka river, 
where the deposits most likely to call attention are : 
The Makeevak beds (8), where a seam of 1.60 m. is 
worked in two places by Messrs. Illovaysky and 
Seleznev, and the Kalinovsk and Marievsk mines (9). 
All these deposits produce coal capable of yielding 
from 68 to 74 per cent. of coke. ‘the percentage of 
ash is from 0.8 to 1.7, and that of sulphur from 1.2 
to 3. The amount of coal raised in 1875 was as 
follows: 


bye 
Makeovak (8) {Mloremky 480 
Kalinovsk} Ar 
Ealinovel a a 


At the Gousselschtikv mines, belonging to Messrs. 
Rubenstein and Co., a 0.90 seam is worked, yielding 
coal containing 3.76 cent. of ash. 

The numbers (11), (12), and (13) are principally 
worked by the New Russian Company and the 
Société Miniére et Industrielle. The former raised 
in 1875 93,000 tons and the latter 17,300 tons. The 
— of the coal is shown by the following 

able : 














Pp ield of 
Deposits. ‘Ook off Ash. [Selpbur. 
Alexandra Grigorievsk ... | 683 to 70 1 0.36 
Beristovo (13) ... ese ...| 67 to 72} 1to8 | 103.5 
Tehébotarevo ... dé 79 0.79 1.2 
Smolianinovo ... = 73 to 83} 0.87 P 
Touzovo ... be 74 to 83 sales 0.2 to3 





Iron ore is also found abundantly in this part of 
the district, Between the villages of Géléznvié and 
Mikhajlovka there are extensive surface bunches of 
brown hematite ore, containing it is said 35 millions 
of tons of from 35 to 40 percent. Further south, the 
New Russian Company works some very rich and 

hematites found. in the lowest: beds of the 
mountain limestone, near the contact of these 
stratified rocks with the granite and gneiss. “ 

A refractory clay is also met with herd, that may 
some day render great service to thesmelters of the 
fature. It appears to be similar to the Dang- 
leurs. clay (near Lidge). e@ composition is as 


follows: 
Per cent. 
BMingnesin | nc ue geste oee Ss RHQ 
Protoxide of i oe ied ed rae a 
Water ... 1a 14.65 


Towards the west, in a detached fragment of the 
carboniferous formation (16), some seams of a kind 
of boghead, 1.10 m, in thickness, have been found. 
Unfortunately the percentage of sulphur is very high, 
as can be seen by the following analysis :. 


Per cent. 
a on pom eee ee san 73 
ydrogen ese eee ove eee ose - 
Oxy andazote ... one eco ia 8.09 
Sulphur ont joo “ove tee pare 6.14 
Ash ae  Y 


Il. Lissitchausk Sub-district will be found on the 
plan to the extreme north-west. Although not ex- 
tensive compared to what has been just described, 
this portion of the Donetz seems to have called the 
attention of private as wellas official interest. In 
the extreme north (18) the seams Secome thin and 
the coal is of a brown colour, with as much as 12 
per cent. of ash. To the south the coal improyes in 
character and the percentage of ash diminishes con-; 
siderably, as follows : a 


Per cent, 
Yield of coke is a a. | SB to 66 
Ash aoe ‘ re oo eee see = 
Sulphur ~~ ~~“ oon 7-7 +e - 
Calorie power we 4 _ -?* 6.700 
The Russian Government works a mine (20) that 
is prepared and ready to produce large quantities of 


coal, although at present the amount is insigni- 


Tons. 
Government mine ... of eo Pe 1,500 
Different private mines ... + ... 60,000 

Ill. The River Lougane Sub-district is composed 
of several badly-defined centres of coal beds, where 
the seams, although numerous, are very irregular, 
and for the most part little known or studied. The 
extent of workings are here insignificant, owing 
chiefly to the want of railway carriage from most of 
the mines. 

The Matrossk mine (21) belongs to Government, 
and only contains a 0.75 m. seam. Its coal yields 
61.6 per cent. of coke, and its percentage of ash and 
sulphur is 4.29 and 1.72. 

The other mines of the district (22 to 31) contain 
various seams, attaining in some cases 1.50 m. in 
thickness, and producing coal of a similar nature to 
that of the Government mine. The Golvnbovsk 
mine (24) is said to contain seven workable seams of 
gas coal, yielding 285 litres of gas per kilogramme 
of coal. Calculations have been made as to the many 
millions of tons of coal that these mines are capable 
of producing, but they are too problematic and high- 
flown to deserve any special mention. 

Iron ore has been met with here in abundance ; it 
resembles, as to quality and nature of deposit, the 
hematite found in other parts of the Donetz. 

IV. The River Belaia Deposits also contain numerous 
seams varying in quality and thickness, but as a 
general feature it may be said that the coal is of a 
less inflammable nature, and in many cases approaches 
anthracite. The proportion of ash attains 14 par 
cent. in some cases, and the coke obtained has no 
consistency. The Ouspensk mine (38) appears to be 
the most important of this fret nad Fy It con- 
tains seams of 1.50 m., and in 1875 raised 30,000 tons 
of coal. An extensive fault has divided the con- 
cession into two distinct sets of strata. 

V. The Gorodistché beds differ from their neigh- 
bours, inasmuch as they are extremely regular, and 
considering their slight underlay, we may conclude 
that they have been only slightly disturbed. ‘The 
Gorodistché deposit belongs to the Russian Govern- 
ment (40), where a few anthracite seams have been 
discovered, but are not at present worked. The 
composition of the inflammable coal found in the 
two principal mines of this district, is as follows: 








Deposits. | Carbon. | Ash. | Sulphur. 
Gorodistché (40) 75.6 $6 | (87 
Boulatztle (39) 83.8 2.7 | 0.87 





VI. The River Kameuka Basin contains numerous 
seams of anthracite that have generally been dis- 
turbed and contorted. Their thickness varies from 
1 m, to 1,80 m., and the coal is said to be composed 
as follows: 








Deposits. | Carbon. Ash, Sulphur. 
Belinkaia aoe 67.37 5.5 P 
— ts pa 73.06 3.5 P 

jie ... oes 90.53 7.26 1.52 
Ternovo ... wee 90.92 4.5 6.9 








VIL. The Ekaterininsk Basin, situated at the 
eastern extremity of the Donetz on the borders of 
the river bearing that name, contains, as far as 
is known at present, nineteen seams of anthracite, 
of which three alone are now worked: The com- 
position varies as follows : 


Per cent. 
Carbon... oe eee 89.72 to 91.25 
Ash ‘ ‘ oss ir 35 ,, 6.5 


Sulphur ... - eee ove a 
vil. Koundroutché-Rovenetz is compose 
extensive band, limited to the north by the Donetz 
Railway and to the south by a long back of Pro- 
ductus giganteus limestone. Numerous seams of 
anthracite, having but a slight dip, and containing 
on an average 92 per cent. of carbon and 5.6 per 
cent, of ash are known, and in some cases worked. 
The interesting feature of this district is the existence 
or very extensive iron deposits, where the iron ore 
is often found in the immediate neighbourhood of 
the anthracite, the two minerals being worked, in 
these cases, simultaneously, These iron. beds have 
been traced by M. Helmersen from Soulinoyo to 
Revenek, a distance of over 60 kilometres. 

Argentiferous galena and blende are also found 
in quartz lodes with sulphate of barytes, that tra- 
verse the sandstone and clay slate of the. carboni- 





ferous ground. 


tensively worked by the Azov English company 
and by the Société Russe de Commerce et de 


Navigation. The anthracite raised here in 1876 
was over 400,000 tons, containing : 
Per cent. 
Volatile substances from ... 5.54 to 7.75 
Ash ... “66 on Bo 3.12 ,, 5.5 


Sulphur oe Ses ee wes 2.5 ,, 3.09 

X. The Roussko-Golodaevsk district is small and at 
present lying idle. Coal seams of 1.75 are known 
to exist in the neighbourhood of Bolchaia, as well - 
as deposits of brown hematite. 

From the above descriptions we may conclude 
that whereas the west portion of the Donetz coal 
formation contains numerous and abundant seams of 
gas and long flame coal, anthracite alone is met 
with towards the east. We may also admit that 
from its close position to the Black Sea, as well as 
from its wealth in coal and iron ore, the Donetz 
carboniferous formation is destined to play an 
active and prominent part in the industrial develop- 
ment of the Russian empire. As yet no very im- 
portant underground workings have been carried 
on, and every mine of this interesting district may 
be said to be in its first period. Nor has heavy 
machinery been so far necessary for the hauling and 
pumping of comparatively shallow mines. Horse 
whims are, for the present, quite equal to the work 
required, steam engines being altogether an excep- 
tion, The water met within underground workings 
has always been insignificant. As to the methods in 
use for taking the coal from the vein, they are both 
simple and well-known to all miners. When the 
seams are but slightly inclined, the usual wide stope 
and pillar system is employed. When the veins 
attain an upright position, the methods of metal 
mining stopes are put in practice. 

There is no fixed mining population in the Donetz 
coalfield, and work in consequence has usually an 
intermittent character. Agricultural labourers of 
Central Russia flock to the coal mines of Donetz, 
which they look upon as their winter quarters. 





ENGLISH INDUSTRIES AND AMERICAN 
COMPETITION. 
(Continued from page 87.) 
CENTRALISATION OF INDUSTRY. 
In the preceding article we noticed the general 
tendency to~a uniformity of products in skilled 
manufactures, and we now come to speak of another 
and more apparent condition which is rapidly chang- 
ing the relations between capital and labour and 
between what are called skilled and other industries, 
the concentration of manufactures in large esta- 
blishments. 
The causes which tend to build up large industries 
and destroy smaller ones have thus far received but 
little if any. attention from economists, a fact, that 
is the more strange when we consider the vast and 
even sudden results which have been brought about 
by such centralisation. In America the effects of con- 
centration, or centralisation it should be called, have 
been much more extended than in any European 
country, Sweden perhaps excepted, and the change 
has been accomplished with but. comparatively little of 
that disturbance which must follow in older countries, 
where minor industries are destroyed and supplanted 
by extensive establishments cone capital and 
implements impossible except by such combination. 
In America the land furnishes a refuge for those 
temporarily thrown out of employment, and the 
time required to remove or modify the effects of 
centralisation is much shorter than in European 
countries. Admitting such concentration to be the 
normal course of development in skilled industries 
there is on the other hand a great difficulty to 
encounter in the license permitted to these com- 
binations in America through a faulty patent law, 
and from the want of what. may be called the 
“ paternal element” in the system of government, 
things which have led to monopoly and wrongs to the 
general interests of the people which would scarcely 
be endured in any Euro country. Of this we 
will s again in a future place. 
Skilled industry is yet in its youth, or, at least, 
in the midst of development, and its rise, in so far 
as machine processes.are concerned, has been s0 
sudden that we may well suppose but little is known 
of what the ultimate effects will be on social con- 
ditions... Thus far certainly there has been only 
weak and generally mistaken conjecture. 
Political and social tendencies throughout the 





civilised world are tending to an equality of human 
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conditions. Education is becoming general, and 
certain kinds of menial labour is more and more 
falling under the control and within the province 
of.a higher class who employ machines, but at the 
same time and in the same proportion all labour, 
be it menial or of a higher grade, which cannot be 
| ecrarig by machines, is, so to s , depressed or 
aded, So that in one sense the development of 
illed industry may be considered as antagonistic 
to social development. 

One large establishment may supplant twenty 
small ones, and fifty men who had been masters 
must become servants in the large establishment, or 
abandon their cailing. So suddenly sometimes are 
such changes brought about, that within a period 
of ten or even five years, an industry which 
had been distributed among hundreds of small 
shops will be monopolised by a few centralised 
establishments against which there is no chance 
of competition. ‘The boot and shoe manufacture in 
America is an example. Ten years ago there were 
in all American cities, as there are now in European 
cities, hundreds of small manufacturers of boots and 
shoes, who without employing machines supplied 
both their retail customers and the general 
market, but at the present time nearly all of these 
small makers of boots and shoes are gone; the 
market is supplied by large manufactories where 
machines are applied to nearly every process con- 
nected with the trade. 

The same thing will no doubt happen here, though 
more slowly, for makers cling with more tenacity 
to old methods; but even at the present time 
American boots and shoes can be found on sale 
in nearly all the provincial cities of England. 
The same result is being developed in joinery, 
small hand-working shops are giving way to what 
are called manufacturing joiners, who by employing 
large capital, purchasing large quantities of timber 
when the md is favourable, and employing ex- 
pensive but efficient machines to do the work, can 
supply flooring, doors, sash mouldings, and so on, 
at so cheap a rate that there is nothing left for 
joiners to do but fix these things, instead of make 
them as formerly. 

In America thirty years ago nearly all the cabinet 
furniture was made by hand; ten years later it 
was divided, about one-half being made by hand 
and half by machinery; and ten years ago handwork 
we may say had entirely ceased. Cabinet-makers’ 
shops were converted into stores for the sale of 
machine-made furniture, which was not only 
cheaper but better also. 

In this as in other industries the same thing must 
occur here. The small cabinet shops in Finsbury, 
the watchmakers in Clerkenwell, and indeed all 
branches of small trades where machines can be 
applied, and where the system and other powers of 
centralisation will reach, must give way. cabinet 
making it is a fact of some significance that an 
American maker has recently come London to found a 
factory, its success, as we are informed, being relied 
upon because work of a similar kind is now mainly 
done by hand in this country. What is true of the 
trades named applies in a greater or less degree to all 
others in which machine work can supersede hand 
labour. Except the higher branches of what may be 
called engineering manufactures, the course of de- 
velopment in respect to time will show an average 
difference of about eight years between this country 
and America, and comparing Continental Europe with 
England or ep a like difference exists. We stand 
in the middle, and considering the influences and im- 
pediments to successful competition, the wonder is 
that England should stand so far ahead in the race. 

Reverting now to some of the more prominent 
among the results which follow a centralisation 
of manufactures, we may note as follows: 1. A 
tendency to build up villages. 9. 'To diffuse general 
knowledge and raise the average of education by 
association. 3, To raise the social standard of 
skilled workmen and lower the standard of unskilled 
labour, 4. To promote uniformity of products, and 
generally improve quality at the same time, 5. To 
diminish the cost of production by a more complete 
division of labour nd. other causes, 6. To increase 
the consumption of products by widening the 
market, These are among the results which may be 
called advantages in so far as a country is concerned, 
The bad results are (1) monopoly of certain manu- 
factures by which prices can be temporarily con- 
trolled ; (2) lowering the standard of skill among 
workmen; (3) social disturbance due to crushing 
out small operators. 


In treating of the advantages or disadvantages of 


centralisation, the encouragement or discouragement 
of such a course to manufacture need not occupy 
any time. Such centralisation is inevitable, and 
whether desirable or not, there is no mode of con- 
trolling it farther than in Carpe legislation 

inst the abuse of power which a combination of 
capital, skill, and connected effort may employ for 
selfish ends. Each year adds to the growth and 
extension of centralisation, and unfortunately 
there seems to be no limit to the extent of estab- 
lishments when once they have gained a foothold. 
We say unfortunately because there can be no 
doubt that there is a limit beyond which the 
extent of any manufacturing establishment may 
become an injury to those employed, or in its vicinity, 
whatever the broader pas may be, as concerns 
the wealth or welfare of a country. 

To amplify the propositions just made in respect 
to centralisation it is well known that large 
manufactories promote the growth of, or create 
villages, because workpeople are drawn mainly 
from the country and not from cities, and be- 
cause the expense of conducting a factory is much 
greater in a city than in a village. 

Cities are built mainly by commerce, and to suit 
the conveniences of commerce their populations 
consist for the most part of two classes, those who 
have wealth and online, and those who perform 
menial or unskilled labour, neither of which classes 
furnish people for skilled manufacturing pursuits. 

Small manufactures, where making and trading 
are combined, flourish best in cities, because a large 
number of customers are within reach, but as 
soon as a manufacture becomes extensive enough to 
place the product in the hands of factors, agents, or 
middle men for sale, the works begin to move 
countryward to seek for cheaper land, better labour, 
less taxes, less risk of fire, cheaper investment, and 
more room for extension, so that the normal course 
of industry of various kinds is from cities to 
villages. 

Education by association in factories is a fact 
well known. A factory is in many respects a school 
where the knowledge of all becomes a common 
fund. Isolation produces ignorance and association 
forces on all acertain amount of general knowleage, 
knowledge not always, but generally, valuable and 
useful. A marked example of the educating in- 
fluences of factory association may be seen in the New 
England States of America, where the agricultural 
interest is but small and the mass of the people are 
collected in manufacturing villages. It is true that 
a sparsely settled country lies around, from which 
the villages are to some extent recruited, and which 
lends influences not known in a country so densely 
peopled as England; this may have had some- 
thing to do in forming the character of the New Eng- 
land villages, but.one thing is certain, that for the 
amount of earnings there is there enjoyed more of 
the comforts of life than has ever been seen under 
any system of small shops and subdivided manufac- 
turing. 

As to the effect of centralisation or a division of 
labour nothing need be said; it is a necessary con- 
sequence of setting a large number of people at 
work in one place, and to produce one thing. The 
widening of consumption is also an evident result. 
In proof of this need only be cited the operations of 
the East India Company or the Hudson Bay Com- 
pany. Small establishments serve local customers, 
and possess neither the means nor opportunities for 
searching out new and distant markets. 

In respect to monopoly, which centralisation of all 
kindstends to create, the danger sometimes diminishes 
through counteracting causes, as.fast as the power 
of companies increases—at least this may be said of 
England and some other European countries, but 
not of America, where combinations shielded, or at 
least not prohibited by law, have in many cases 
forced their products out into foreign markets at the 
expense of the home market. Itis not long since a 
sewing machine, costing 15/. in the village or city 
where it was made in America, could be bought in 
London, Paris, or Hamburg for less than one-half that 
sum. ‘The whole of this vast and important manu- 
facture was until recently, and is even now to some 
extent, a monopoly controlled and held by a com- 
bination between a few large companies, who, when 
their patents, or some of the more im t of them, 
expired, had by centralisation of capital, skill, pres- 
tige, and connexions, a power sufficient to continue 
a control of the manufacture, but on new and more 
just terms with the public. 

It is, however, impossible by a centralisation of 








capital and skill alone to maintain permanently 


an oppressive monopoly. The advan ined 
by dene cemtnta,” Sonat commmsclaiy Svea, 
are in a sense fair and equitable, that is, there 
is no infringement af ees right as in the case 
of -— monopoly. Such advantages come mainly 
and almost solely through cheaper production; 
no one, as in the case of patents, is forced to 
buy a commodity from a particular maker. In the 
case of sewing machine manufacture in Ameri 
nearly the whole power of the combination 
for many years, and was indeed founded upon one 

tent—of Howe, for the ‘eye-pointed needle.” 

t was one of those extremely rare cases where a 
principle or ‘‘ mode of operating” was of such a 
nature as to take a definite form in mechanism. A 
needle mounted in or fastened to a stock could not 
be | per ee! through cloth. All needles driven by 
oes i : had to _ 80 “gare and withdrawn 
ins' of passing through, consequently the e 
had to be at the point instead of the butt of 
the needles. The invention, if such it could be 
called, was one of those puzzling things with which 
courts of law have great difficulty -in dealing, and 
their construction of the matter, fair enough, no 
doubt, in a primd facie sense, had the effect of found- 
ing a monopoly more grievous pre than any of 
the kind our age has had to deal with. 

(To be continued.) 





LOCOMOTIVES AT THE PARIS 
EXHIBITION.—No. XV. 
BELGIUM. 

Tue Belgian Section at the Paris Exhibition 
contained four locomotives, besides two combined 
engines and carriages, and a locomotive intended 
specially for tramway working. Of these, one loco- 
motive was contributed by the Société John 
Cockerill, of Seraing, one locomotive and one steam 
carriage by the Compagnie Belge, of Brussels, two 
locomotives by the 1été Anonyme Marcinelle et 
Couillet, two locomotives (one rng arranged 
for tramway service) by the Société St. Leonard, of 
Liége, and the other steam iage by MM. A. 
Cabany et Cie., of Malines. The locomotives in- 
cluded in this collection were of widely varying 
types, and the show was altogether an interesting 
one. 

The engine exhibited by the Société. John 
Cockerill, of Seraing, was one for a 5ft, 6in. 
gauge, it being intended for the Seville and Merida 

ilway. It was of the eight-coupled type, with 
all the axles under the barrel of the boiler, and 
was intended for heavy goods service. The cylinders 
and valve gear were outside, the latter being of the 
Walschaert type. We hope on a future occasion to 
be able to publish engravings of this locomotive 
which possessed several features of interest, and 
which was a thoroughly good substantial job 
throughout. The enced dimensions of this engine 
were as follows : 

ft. in. 


Diameter of cylinders ... .«. ow. 1 %,7 
Stroke ooo $0 eid ab iss 2 16 
Distance apart of centres of cylinders... 7 5.8 
Diameter of wheels ove eee ooo 4 3.2 
Total wheel base... ... eee 13 7 
h of grate ... one eee oe 
Width is, ~~ fie? wo  w« @ 
Height of crown of firebox above grate 5 63 
nate deniceniattes:, 1. 
0 ween eee 
Diameter of tubes inside.., we 3% 0 177 
he 99 outside eee ooo 0 1.96 
+ barrel of boiler(mean) .. 4 11 
a chimney ... ode oo. A 
: sq. ft. 
Heating surface: Firebox ee 119.2 
Tubes... ... 1924.6 
Total . .. 2043.8 
Grate surface on pe oe 20.4 
Sectional area through tubes ... 4.24 
a of chimney oab 1,55 
Ratio of firebox surface to tube surface 1 : 16,17 
»» firegrate area to total heat- 
img SUTERCO seve tne «. 1:100 
Ratio of sectional area through tubes to 
firegrate area ... de sal oo As 47 
Ratio of sectional area of chimney to 
firegrate area ... af on o- 1:18.16 


The tractive power which the engine is capable of 
exerting is equal to Fn see = 1941b. for each 
pound of effective pressure per square inch on the 
pistons, while the total weight of the engine is 
39 tons empty, or 43 tons in working order, so that 





the cylinder power and adhesion weight are fairly 
proportioned to each other, To utilise one-sixth of 
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Fig. 5. 


Fig. 6. 
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wear in the direction of the thrust and pull of the 
connecting rods. A slight load is placed on this 
central axle-box by a light spring above. 

As will be seen from the plan, Fig. 2, on the two- 
page engraving which we gave last week, and from 
the right-hand half of Fig. 3 on the opposite page, 
the cranks are arranged close to the central bearing, 
the eccentric sheaves being keyed on the axle be- 
tween the cranks and the wheels, The valve chests 
have thus to be outside the cylinders, and their 
arrangement is clearly shown by the detail views 
Figs. 5 and 6, which we give on the present page. 


The cylinders are inclined to enable the guide bars, 
&e., to clear the front coupled axle, and this incli- 
their centre line. Above the level of 
of the frameat the frontend. This enables 
ve-chest covers to be readily removed and 


nation brin 
the to 
the a 





renders the valves very accessible. As will be seen 
from Fig. 6, the two cylinders are bolted together 
at the centre of the engine, and their connexion with 
the frames is such that they form a good transverse 
stay at this point. It will also be noticed from Figs. 6 
pos | 7 that the centre line of the valve spindle is 
very close to the valve face, so that the valve is 
very directly driven—a good feature. Fig. 5 also 
shows clearly the form of piston adopted, 

In outside framed locomotives, such as that we 
are describing, it is very difficult to get thoroughly 
efficient transverse connexions between the frames, 
and although in the case of the engine under notice 
attention has evidently been paid to this point we 
still think that the frames will be found more flexible 
than is desirable after the engine has seen some 
service. The transverse connexions, in this case, con- 








front buffer plate, next of the cylinders, 
next of the motion plate, and a plate stay 
connected to the boiler (as shown in 
the right-hand half of Fig. 3), then of 
brackets between the frames and the 
sides of the firebox casing, and, lastly, 
of the foot plate and the trailing buffer 
beam, these latter annexions being of 
much service in ins the ‘ square- 
ness” of the frames, dimensions 
of the frames and their form—which is 
very neat —are clearly shown the 
side elevation of the engine, Fig. 4, 
which we give on the opposite 4 
The arrangement of the axle- 
and traili 
» Fig. 2, of 


boxes fitted to the leadin 
axles is shown by the P 
our two- en i ast week, and 
by the iefe-band half of the cross section, 
Fig. 3, on the opposite page. The radial 
e-boxes are to move in an 
arc of 8 ft. 6g in. radius and they have a 
lateral play of about 2in. on each side 
of their central position. This arrange- 
ment is found to give the engine ample 
flexibility ; and, in fact, in leaving the 
makers’ works it was hauled by a small 
locomotive round curves of 80 metres 
2624 ft.) radius without inconvenience. 
e journals of the leading and trailing 
axles are 6in. in diameter 15.4 in, 
long, and they have a single centre 
collar 2 in. wide, projecting 0.8 in. from 
the journal, as shown by the section 
Fig. 3. The radial axle-boxes, as is 
usual in this ent, are each fitted 
with a strong cover, having a planed 
upper surface, on which a brass shoe 
fitted to the end of the spring pin slides freely. 
The boiler has a firebox of the Belpaire type, and 
its proportions are such as have been arrived at from 
more than fifteen years’ experience of these boilers 
on the Belgian State lines. As will be seen from 
our engravings, the firebox is very long, and the 
firehole is extended downwards to the level of the 






































te, while the latter is composed of wrought-iron 
ars, only 0.31 in. thick, and 0.16 in. apart rivetted 
together in groups, as shown in the detail view, 
Fig. 7, annexed. The boiler is provided with a 
large dome near the front end of the barrel, this 
dome containing the regulator, and being fitted 
with a directly loaded safety valve. The feed is 
admitted at the back of the firebox, and carried 
forward into the barrel by an internal pipe, as 
shown in the longitudinal section, the arrangement 
being that introduced by Mr. Webb on the London 
and North-Western Railway. We give hereafter 
the chief dimensions of the boiler, but we may state 
the proportions of the heating surfaces, &., here : 





. ft. 

Heating surface : Firebox éoo *ti7.9 
Tubes ... des 1190.6 

Firegrate 1952.8 
Sectional area through tubes... ose 3.05 
*” » Of chimney at bottom ... 1.45 
Ratio of Seuss papper 1: 10.01 

, area 

BEE teehee denies ond Fo 
Ratio of sectional area through tubes ‘ims 


Ratio of sectional area through chimney 
to grate area... a “ «oe 1:22.27 
The blast nozzle is variable, as shown by the longi- 
tudinal section of the engine, which we published 
last week, 
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vue ¢ engine is fitted with Le Chatelier's counter- 

rake, and also with the Westinghouse 
opted 
brake-gear is 


cnenatie brake, which has been pas 
on the Belgian State lines. 
neatly arranged so as to give a uniform pressure on 


all the brake-blocks, these being applied to the three 
pee rs of coupled wheels. The arrangement of the 
e 


gear can be readily traced out from the general 

views of the engine which we gave last week. The 
brake cylinder is arranged under the footplate at 
the trailing end, the compressed air reservoir being 
close to it, as shown. e brake is arranged so 
that it can also be applied by hand if desired. 
The feed water is in large wing tanks 
which are raised above the footplate to clear the 
springs, &c., as shown by Fig. 4 on page 172, and 
which extend right to the front end of the engine 
where they are connected. The fuel is carried in 
two bunkers at the rear end, where the footplate is 
protected by a neatcab. We have now described the 
chief features of the engine under notice, but before 
dismissing it we must say a few words for the work- 
manship, which was excellent, the general finish 
being highly creditable to the makers. In con- 
clusion we append a list of the chief dimensions of 
the engine translated into English measures : 


Cylinders ; ft. in. 
Diameter ... ine - oe ose 1 5.7 
Stroke of pistons ... 111.6 
— apart from centre to centre . 1 7.7 
Total length over le we 39 2 

uffer beams 35 13.1 
Distance between = ove 6 0.75 

Wheels : 

Diameter of coupled wheels __.. wo °8 69 

and trailing wheels 3 5.7 

Distance apart of leading and second » 2 
Distance apart of second and third 

axles ws ae ee ne po 6 6.7 

ae ps apart of third and fourth ‘a 
Distance apart of fourth and trailing 

axles = e 7 2.6 

per.. Total wheel base . 27 6.6 

‘oiler 
Mean diameter of barrel.. 4 3.2 
Height of centre of barrel above rails. 6 10.7 
Length of firebox casing .. 9 64 
Width Pa o» at top .. 4 6.2 

bottom 4 25 
Length of firebox inside .. ; 8 10.7 
Width of firebox inside at top .. 3 10.1 
ttom ... 3 6.4 
Height of crown above grate at front 4 38 
a back 8 4 
th of firegrate 8 11.9 
8 7.7 
Number of tubes... 
Length 9 between tube plates ll 4.5 
Diameter _,, outside 0 1.77 
a inside 0 1.57 
pa of chimney at top ene 1 9 
Height of to saaceguel 413 
eig t o' oP of ¢ above 14 13 
—— of Plates 
Crown eee of firebox oes. w- 0 0.47 
Lower ae ss oe “ ose 0 0.43 
Barrel ee aa tes eee 0 0.43 
Smoke- — Fae plate ... 0 0.75 
Firebox tube plate at top (copper) 0 0.98 
botto 0 0.47 
Side ‘plates of firebox Gungert 0.59 in. ‘to 0 0.47 
Crown and back plates of firebox 
(copper) ... ese 0.47 
Working pressure of boiler 
8 atmos. = 117.6 Ib. per sq. in. 


Tractive force of engine with an 
effective cylinder pressure 
equal to 65 per cent. of — 


pressure 8360 Ib. 
Capacity of water tanks 2189 gallons 
fuel bunkers 70.6 cub. ft. 
Weight of engine empty 41.9 tons 
98 in yerting onder: 
On leading wheels .. o“~+,. 
»» second ~ 12.5 ,, 
» third os id prt 13.0 ,, 
», fourth ae. | Re aa 12.5 ,, 
» trailing ,, oes 10.0 ,, 
Total aE eee 58.0 ,, 





BOILER EXPLOSIONS IN 1878. 

THROUGH the courtesy of Mr. E. B. Marten, the 
chief engineer of the Midland Boiler Inspection and 
Insurance Company, we are able to subjoin his 
report on the boiler explosions of the past year, 
and to give (on page 176) the illustrations by 
which it is accompanied. As will be seen by the 
Table annexed the osions reported in 1878 are 
slightly greater in number than in 1877, but they 
were somewhat less fatal, The numbers of ex- 
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Number of Number of 

Year. Ps sor ny Persons Persons 

Pp * Killed. Injured. 
1873 78 57 85 
1874 76 77 198 
1875 68 81 142 
1876 39 93 110 
1877 44 r 75 
1878 46 84 


As will be seen from these Pa the last three 
years compare very favourably with those imme- 
diately preceding them, both as regards the number 
of explosions and the injury to life and limb, the 
number of killed for the year 1876, however, 
having been largely increasd by the exceptionally 
fatal accident on board H.M.S. Thunderer. As we 
observed last year, these results are hopeful, 
particularly when it is considered how rapidly the 
use of steam power is increasing in all branches of 
industry. Mr. Marten’s report on the last year 
is as follows ; 

During the year 1878, records were obtained of 46 boiler 
explosions, causing the death of 47 and the injury of 84 


persons. 
Or the 131 persons killed or injured, 3 were owners ; 39 
engine men or stokers ; 6 women and 54 men employed on 
the works; and 12 women and 17 men, strangers who 
happened to be near. 

Some slighter casualties, not fairly included in the 
records of boiler explosions, but of some interest, are added 
as an appendix but not included in the Tables of purposes, 

kinds, or causes. 


The Exploded Boilers were used for the following 
Purposes : 





plosions during the past six years are as follows : 


No. Kd. In. 

Marine .. 10 10 16 
Colliery or mining 6 8 13 
Tron works . 9 19 2 
Mills, various ... aie pa 6 6 18 
Public works . eve eos 20 0 
‘arming oad oes ees 3 3 0 
Brickmaking ove ove ove 3 0 8 
Chemical one ons ot ie 
Railway - ose eco 41 83 
Cabinet work . eee eco 1 0 0 
Unknown 4 Rive 
Total 46 47 84 
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The causes of explosion are arranged under the following 
heads as in former years, to continue the tabulated form 
as suggested by the Parliamentary Committee, for whom 
these records were first thus compiled. 

A. Faults of Construction which may be Prevented by 
Inspection before Starting or after Repair. 


No. Kd. In. No. Kd. In. 
Bad ~~ yomenge or 


material eco 9 5 10 
Weak tubes - 3 6 10 
Bad repair... on TT 

——- 13 11 2 
B. Faults only to be ne by epeneee. 
External corosion ee 
Internal corrosion 10 ° i 

21 26 36 





C. Faults which could be Prevented %, ae. 
Shortness of water ... 
Not ascertained ae 1 % 3 


Total .. 46 47 84 
The exploded boilers were of the following descriptions : 
he causes are stated as in the summary, the general 
heads being indicated by the letters A BC. 


Cornish or Lancashire. 


No.Kil In. No. Kil.In. No.Kil. In. 
Bad construction... 2 0 0 








repair ... aw 's 2 
Weak tubes 3 610 
6 6 13 
B fare corrosion 6 16 22 
Internal corrosion 303 
9 16 25 
C Shortness of water 48 5 
—_—— 19 25 4 
Plain Cylinder. 
A Bad construction -sooaee: 42 9 
B Internal corrosion.. vs 
C Shortness of water 4 4 il 
—— 9 6 2 
Marine. 
Bad construction or material o. 8. % 
External corrosion... 1 1 0 
Internal corrosion... 3 4 6 3 2 
C Shortness of water ... Ass Bod 
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Locomotive or Multitubular. 
No.Kil. In. No.Kil.In. No.Kil.In. 
A Bad material om 1 0 0 
External corrosion... 1 2 0 
B 1 Seen cameos we 2 © ages 
Not ascertained ... 1 0 8 


—_——- 5 
Furnace Horizontal and Upright. 
2. 28 


wo 


B External corrosion... 


C Shortness of water... : 8-4 . ‘ 
—_ 3 
Vertical or Crane. 
External corrosion... 2 0 
B { Taternal corrosion... 1 0 2 at a 
C Shortness of water ... 1. =e 


41 8 
Total ... ae eee Sots 46 47 84 
These records are made for convenience up to the end of 
the year, and issued for the information of those havin; 
the care of boilers and others interested, although they will 
form an appendix to the engineer’s report to the annual 
meeting of the company in August, 1879. 

The explosions of the year have no ial feature, and 
the numbers of explosions and those killed or injured are 
nearly the usual average, as although the causes of explo- 
sion are better understood and led against, the total 
number of boilers in use continues to increase and there still 
remain many not under any efficient inspectiou. 

The records are only obtained by private enterprise, and 
by the courtesy of owners, and may not be complete. 
The causes of explosion may also be variously estimated 
by different minds, and therefore the Tables may vary in 
like manner, as some boilers exploded from two or more 
causes combined, but must appear under some — head 
in the Tables. It has always been a special duty under- 
taken by the various Boiler Inspection Associations to 
obtain accurate details of all boiler explosions, and to pre- 
sent them for the use of their members and the public. 

The great benefit of inspection as the best means of pre- 
venting boiler explosions is now so widely recognised that a 
great many associations for independent — inspec- 
tion with or without assurance, have been formed in Europe 
and America on somewhat the same principle as those in 
England, so that the ig: or fifty such societies with 
which correspondence is kept up and publications ex- 
changed, together ins’ between 70,000 and 80,000 boilers. 
The engineer for each society presents in his report what 
he deems most interesting and instructive, and in the og. 
gregate they give a vast mass of interesting matter, whic 
sufficiently accounts for the causes of boiler explosions, and 
should banish for ever the old idea of mysterious causes, 
still too prevalent ; or the equally common opinion that 
want of sufficient water is the only cause of explosion. 

Among other interesting results of the systematic pur- 
suit of inspection as a remedy, and the comparing of notes 
among those so en: , has been an exhibition of the de- 
fective plates that have been discovered by inspection or 
taken from exploded boilers, and a collection of models. 
As the officers of this company have persevered in makin, 
models of exploded boilers in every case where they cull 
get sufficient information, they sent a large number, 
which, in a foreign land, conveniently told their own tale 
without verbal description, where the English technical 
terms-would have been apt to mislead. An extremely in- 
teresting and instructive volume is formed by the pictorial 
representation of these specimens. 


No. 1. (See Fig. 1.) Jamuwary 18th, 4 killed, 10 injured. 
—Plain cylinder, one of two, 20 years old. tes arranged 
lengthways, with continuous longitudinal joints, 48 ft. 
long, 5ft. 3in. diameter, #in. plates, 35 lb. pressure. 
Altered from @ Cornish sad lengthened. Gave way ot 
seam over the fire where injured by overheating from the 
water being kept from the plates by deposit of scale, and by 
frequent repair. The plates opened out, and, being in 
a very confined space at the bottom of a pit, the escaping 
steam and water scalded those near. 

No.2. January 24th, 1 injwred.—Cornish. Second- 
hand 7 years ago, 14 ft. long, 5 ft. 6 in. diameter, # in. 
plates, 40 lb. pressure. Tube 2 ft. Gin. diameter, 3 in. 
plates. Gave way near the mid-feather wall at front end, 
where it was reduced by external corrosion. 

No.3. February 8th, 1 killed.— Vertical, bought second- 
hand 14 years before, 6 ft. 6 in. high. 3 ft. 8 in. diameter, 
vein. plates, 361b. pressure. Part of the plate of the fire- 
box was blown out, being reduced by external corrosion to 
a thickness of } in. The boiler was shot upwards, and fell 
about 15 yards away. The gauge was defective, so that 
the pressure was much more than was supposed, and more 
than the weakened plates could bear. 

No. 4. February 20th, 1 killed.—Marine, one of two, 
11 ft. 6 in. long, 6 ft. 6 in. diameter. Two flues 2 ft. 4 in. 
wide, 3 ft. high. Gave way in the bottom plate of the left- 
hand flue just beyond the bridge, where it was badly 
corroded. The boiler was much patched, and completely 
worn out, and in very dirty condition. The man in charge 
was scalded by the violent escape of steam and water, but 
the boiler was not moved from its place. 

No. 5. February 23rd, 2 injured.—Vertical, 6 ft. high, 
2 ft.9in. diameter. The flue tube gave way at the water 
line, being corroded nearly through on the inside. 

No. 6. February 25th, none injwred.—Lancashire, 65 Ib. 
pressure. The top of the dome was blown out, and shot 
fang ae boiler-house roof. Be was corroded round the 

Fs ge, and repairs were delayed until it gave wa’ 
being unable to bear the ordinary pr ra 








pressure. 
No. 7. March 5th, 3 killed Cornish, one of four, 
19 pease old, 36 ft. long, 6 ft. 6 in. diameter, 3 in. plates, 
— pressure. Tube 4 ft. diameter, vs in. plates. The 


completely collapsed, and some portions were blown 


out to the front, and the boiler was thrown upwards and 


out of position. The tube was of diameter, and 
entirely unstrengthened, and the crown plates were wasted 


by internal corrosion to ,, in., and were quite unfit to bear 


the ae working pressure. 
No. 8. arch 9th, none injured.—Vertical, 6ft. 6 in. 
high, 3ft. Gin. diameter, 40 lb. 


ressure- The plates of 
the shell and firebox were co: almost away at their 
junction at the base of the boiler. 
_ but there was little da: to 
o. 9. 


The boiler was blown 
mage to property. 
(See Fig. 2.) March 12th, none injured.— 
Cornish, one of two, 20 = old, 15 ft. long, 5ft. dia- 
meter, 40 lb. pressure. ibe 2ft. 5in. diameter. Gave 
way at the back end over the mid-feather wall, where it 
was weakened by external corrosion. The last ring 
plates was ly opened out, the last two seams = 
ripped, and the boiler was thrown from its seat and out o 
the boiler house. 

No. 10. (See Fig. 3.) March 13th, 8 killed, 6 injured. 
—Lancashire, bought second hand six years before, 24 ft. 
long, 7ft. 6in. diameter, ?in. plates, 501lb. pressure. 
Tubes 2 ft. 1lin. diameter, fin. plates. The feft-hand 
tube collapsed its whole length, dividing into two pieces at 
with part of the back end being blown out, and the rest of 
the tube with shell and the other tube being thrown fifty 
yards in front. The explosion was due to the weakness of 
the tube, it being of an oval shape, 14 in. wider than high. 

No. 11. March 17th, none injwred.—Lancashire, ex- 
ternally fired, one of six, 25ft. long, 5ft. 6in. diameter, 

in. plates. bes 1ft. Sin. diameter. The blowcock 

aving been left aney open the water ran low, and the 
right side of the shell over the fire became softened by 
overheating and gave way, and the issuing contents 
knocked down the brickwork, but without further damage. 

No. 12. (See Fig. 4.) March 18th, 2 killed, 1 injured. 
—Maultitubular marine, six years old, 8ft. long, 5 ft. 6in. 
diameter, vg in. plates, 70 1b. pressure. Gave way at right- 
hand side of dome, which was of very large size, bein 3ft. 
high by 3ft.6in. diameter, with stays insufficient and 
corroded. The dome was wrenched completely off, — 
100 away, and the rent continued along the ° 
oo a ee oan, Bee at 
easily over screwing them, and the 
— was dow unus high, as the vessel was 

ing pushed to its ny OY speed. 

No. 13. (See Fig. 5.) |March 29th, 1 killed, 1 inj: ’ 
Plain cylinder, flat ends, seven years old, 8ft. 6 in. long, 
8ft. llin. diameter, ?in. plates, 40Ib. pressure. Gave 
— at the angle iron, and the front end was blown out, 
and fell about 50 yards away. The rest of the boiler was 
thrown about its ownlength. The flat end was 
insec — stayed, and these stays were corroded and worn, 
so that the end gave way at the usual pressure. 

No. 14. April 7th,'1 killed, 2 ingured.—Multitubular 
marine. One of the plates in the uptake gave way, where 
reduced by internal corrosion from }in. to in., the 
steam ovens Soa the smokebox doors, which were 
open, and ing those near. 

No. 15. April 9th, 1 killed.—Cornish 36 Ib. pressure. 
The first two plates at front end over the fire collapsed 
from overheating through shortness of water, and rent 
asunder at the oy omy of rivets uniting them. 

No. 16. (See Fig. 6.) We llth, 4 injured.—Lan- 
cashire, one of two, 23 years old, 20 ft. long, 7 ft. diameter, 
# in. plates, 66 lb. pressure. Tubes 3 ft. diameter, } in. 
plates. The aes tube collapsed from end to end, owing 
to its large diameter without strengthening rings. The 
boiler was slightly moved, and the firemen injured by the 
violent issue of the contents. 

No.17. (See Fig. 7.) April 27th, 14 killed, 14injured. 
—Cornish, 20 ft. 2 in. long, 6 ft. 6 in. diameter, ? in. plates, 
30 lb. pressure. Tube 3. 6 in. diameter, ? in. plates. 
Gave way first at the back end, where it rested on the right 
hand side wall, the plate being reduced by external corrosion 
to a thickness of =; in. The shell was torn into 7 pieces, 
great damage being done to the surrounding pro i 

No. 18. May 14th, none injwred.—Plain cylinder, flat 
ends, 20 lb. —_ The front end of the boiler was 
blown out and thrown 25 yards away. The remainder of 
the boiler was blown backwards 16 yards. There being 
no stays the front end plate was so grooved round its cir- 
cumference by the alternate buckling or drumhead action, 
that the original thickness of } in. was reduced to yg in., 
and was unable to bear the ordinary wa pressure. 

No. 19. (See Fig. 8.) May 17th, 1 killed, 3 injured.— 
One tube furnace horizontal, one of three, 21 years old, 


No. 
of | 18 ft. long, 
bes 2 ft. 


the fourth cross seam from the front end, the back piece | Two 


the issuing contents sent the whole boiler high into the air> 
and it fell upside down t an office at some distance: 
The collapsed central and side tubes had much the appear” 
ance of having been softened by shortness of water, and 
that cause was given by the verdict of the coroner’s jury ; 
but the corrosion of the flanged plate f the junction 
of the tube and shell must have reduced the eta Fr 


tube considerably. Being a 
and 
have 


an angle iron, there was not m 
as it rested on the brickwork, 
place rapidly, as the boiler had been off its seat for exami- 
nation, and had stood the hydraulic test to 80 Ib. on the 
inch in the sg ro. 
0. 23. 4 10th, 3 injured.—Lancashire, one of five, 
6 ft. diameter, jin. plates, 40 1b. pressure. 
Tube diameter. Plates arranged mae with 
continuous longitudinal seams. This boiler lately 
been repaired, new plates having been put in at the front 
end for about one-third of its length. These new plates 
were torn right away from the old, owing to defective 
seams, and blown nearly 100 y away. 

No. 24. July 20th, 1 killed, 1 inj .—Multitubular 
marine, 12 ft. wide, 6 ft. long, 5 ft. 9 in. high, 4 in. plates. 

7 ft. long, 2 ft. 9 in. high, 2 ft. 3in. wide, 
1% in. plates. The crowns of both furnaces were injured 
and ruptured by the effects of shortness of water, the nuts 
of the roof stays being forced off, allowing the steam and 
water to escape violently into the fire and stokehole. 

No. 25. July 27th, 1 killed.—Lan ire, one of five, 
nine years old, 40 ft. , 7 ft. diameter, } in. plates, 
45 lb. pressure. Tubes 3ft. diameter, }in. plates. The 
right-hand tube collapsed and rent from overheatin; 
ry shortness of water. Rupture commenced abou 
8 ft. from front end, the rent extending about half-way 
round the second ring coom, the first two plates splitting 
along the The boiler itself was unmoved. 

No. 26. July 27th, 3 killed, 2 injured.—An annular 
superheater placed over marine boilers. The internal tube 
gave way, being so much corroded as to be unable to bear 
the usual working pressure, and the escaping steam scalded 
those in the confined space of a marine stoke-hole. 

No. 27. August 21st, none injured.—Cornish, 18 ft. 
long, 5 ft. diameter, }#in. plates, 25 lb. pressure. Tube 
2 ft. 3 in. diameter. Theplates at the back end in con- 
tact with the seating had me so reduced by external 
corrosion, that they could not bear the ordinary pressure, 
but little damage was done beyond throwing down the 

ue 


No. 28. (See Fig. 10.) August 26th, 1 injured.—Plain 
cylinder, 22 ft. 4 in. long, 5 ft. 8 in. diameter, j in. plates, 
30 lb. pressure. Gave Mm on the right hand side over the 
bridge from ——— through shortness of water, the 
rent being about 4 ft. long by 3in. wide. The brickwork 
was blown down, and a girl working about ten yards away 


was slightly scalded. 

No. 29. August 29th, 2 injured.—Multitubular marine, 
5 ft. 6 in. long, 4 ft. 3 in. diameter, large tube 1 ft. 10 in. 
diameter, tubes 1§ in. diameter, 60 lb. pressure. 
One of the small return 


tubes from the combustion chamber 
to the smokebox burst, owing to internal corrosion, allow- 
the steam and water to escape into the stoke-hole scalding 
the fireman and a gentleman about to purchase the boat. 
No. 30. (See Fig. 11.) tw th, 2 killed, 7 in- 
jured.—Cornish, 21 ft. long, 6 ft. diameter, ,% in. plates, 
40 lb. pressure. Tube 3 ft. and 1 ft. 11in. diameter, } in 
lates. Tube gave way from external corrosion at the 
m va beyond the bridge where the tube tapered. 
No. 81. (See Fig. 12.) September 4th, noneinjwred.— 
Patent externally fired two-flued boiler, 20 ft. long, 5 ft. 6in 
diameter is in. and #in. plates, 60 Ib. pressure. Tu 
1 ft. 9in. eter at front, 1 ft.6in. at back end. The 
plate over the fire was } in. thick, whilst the rest of the 
plates were only 4 in., and by the difference in expansion 
and contraction of the thick and thin plates, cansed the 
thinner one to shear at the rivet holes and give way. 
No. 32. September 13th, 3 injwred.—Locomotive. No 


September 16th, 2 killed.— 
9in. long, 2 ft. diameter, } in. 
lates, 60 Ib. pressure. The boiler gave way first at the 
bottom of the external plate of the firebox on the right- 
hand side, where it was corroded to a thickness of § in. by 
leakage from a defective moe Part of the front plate 
and part of the external shell of the firebox were blown out. 
A verdict of manslaughter was recorded ae the owner. 
No, 34. (See Fig. 14.) 8 tember 23rd, none injured. 
—Cornish, 11 ft. 6 . 4in. diameter, #; in. plates, 


No. 33. = Fig. ») 
Portable multitubular, 7 ft. 





20 ft. long, 6 ft. diameter, y%, in. plates, 25 lb. pr 
Tube 2 ft. 9 in. diameter. ve way in the bottom of shell 
at the junction of the tube at front end, where extensivel 
corroded both inside and out, and insufficiently sane 
with screw patches. The boiler was torn into several pieces 
and thrown to some distance. Its condition was so defective 
as to be unfit for the smallest pressure. 

No. 20. June 14th, 1 killed.—Plain cylinder, with flat 
ends, 18 ft. long, 2 ft. 8 in. diameter, 4 in. plates, 40 Ib. 
pressure. Both ends were blown out, andthe shell was 
thrown forward a few yards. The movement by alternations 
of pressure on the flat ends, sometimes ed drumhead 
motion, had caused them to ve all round, until they 
were held in by only a thin piece of plate in some places, 
and were too w the usual pressure. 

No. 21. June20th, none injured—Plain cylinder, 40 ft. 
10 in. long, 6 ft. 2 in. diameter, # in. plates a: ed length- 
ways, 35 lb. pressure. The boiler ruptured on the left side 
of the firegrate down the centre of a plate about 4 ft. long. 
The plate was softened by overheating through shortness 
of water, the blowcock having been left 498 a little. 

No. 22. (See Fig. 9.) June 22nd, 2 killed, 4 injured.— 
Two-furnace upright, 21 ft. long, 6 ft. 8 in. diameter, # in. 
, 45 lb. pressure. Tubes 3 ft. diameter, ,% in. plates. 

he internal central tube collapsed from 








tore away from the bottom of the shell, the reaction of 


. | 80 Ib, 


to bottom, and | end 


in. long, 3 
. pr e. Tube oft. diameter. Tube co from 
end to end, being reduced by internal corrosion in places 
near the ends to 4 in. thickness. The fire was blown into 
the dwelling house opposite, setting it on fire, the building 
being completely gutted. 

No. 35. October 7th, 1 injured.—Vertical marine, five 
years old, 9 ft. high, 5ft. diameter, jin. plates, 40 lb. 
pressure. Two cross tubes 8in. diameter. The firebox 
collapsed opposite the fire door from overheating through 
shortness of water, the steam and water issuing through 
the fire hole and scalding the attendant. 

No. 36. October 13th, 1 killed.—Marine, one of eight, 
eight years old, 12 ft. long, 16ft. diameter, $in. plates, 
fin. ends, 45 lb. pressure. Some defective stays being un- 
noticed, a small part of the back end opposite the fire tube 
rent open and scalded a man who was standing near the 
open fire door. ‘aia 

No. 37. (See Fig. 15.) October 14th, 4 injured.—Plain 
cylinder, flat ends, 38 years old, 15 ft. long, 4ft. 3.in. 
diameter, in. plates, 25 lb. pressure. Front end bw of 
boiler wae blown onto distance Ay 36 yards, a los being 
thrown in the opposite direction. ere being 
only one oni in. diameter to strengthen the ends of the 

iler, and this being weakened =" cotter hole at each 
, and corroded nearly through, the boiler was not 








strong enough to bear the ordinary working pressure. 
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No. 38. (See Fig. 16.) October 19t, 1 killed.—Loco- | gave way even at the redaced pressure at which it had 
motive, 30 years old, 16 ft. 10 in. long, 3 ft. 1 in. diameter, | lately been worked, owing to its known weak state. The 
ye in. gets, 100 Ib. pressure. The boiler gave way first | shell rent into so many pieces that they could not all be 
at the longitndinal seam at the bottom of the third belt of | found, but the tubes were thrown out whole. 
plating from the firebox, the barrel of the boiler being | No. 40 (See Fig. 17.) October 24th, 4 injured.—Plain 
wn into five pieces. The plate where the rent com- | cylinder, one of fifteen, 60 ft. long, 4ft. 6 in. diameter, } in. 
menced was Sent to be reduced to a thickness of y in., | plates, 50Ib. pressure, fired by blast furnace gas. It gave 
the result of internal grooving. | way ata seam rip at the third transverse seam, and the 
No. 39. October 23rd, 3 injured.—Lancashire, 22 years | front end with two rings of plates was thrown 150 yards 
old, 27 ft. 6 in. long, 5 ft. 6 in. diameter, } in. plates, 15 lb. | to the front, and the remainder of the boiler was driven 
ressure. Tubes 2ft. diameter. The shell was in defec- | back about 50 yards. These long boilers are subject to 
ive condition from internal corrosion, and had been | peculiar strains from expansion and contraction, as they 
frequently repaired, and was completely worn out. It | alternately rise off their bearings at the centre and the 


——— MATING pipe 





1878. 
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Fie. 18. 


ends. The iron requires to be extremely ductile to bear 
this action without seam rips, and in this case the hardness 
of the metal appears to have been unable to accommodate 
itself to the strain, as two other rips had occurred before, 
but had not extended far enough toendanger the seam. A 
previous explosion of a boiler from the same bed is given in 
the Records of 1872, No. 44. 

No. 41. (See Fig. 18.) November 24th, none injured.— 
Locomotive, 6 years old, 11 ft. long, 4 ft. diameter, 7% in. 
plates, 901b. pressure. A seam at the right side of the 
barrel gave where two or three rivets had been leaking, 
and the rents extended round the barrel, allowing the top 
to open, and a part of the plates of the right side and the 
dome were thrown a great distance, the former never being 
found, as it is supposed to have sunk into the mud ofa 
river. The tubes of the boiler were bent outwards by the 
sudden escape of the steam and water, but little damage 
was done to the surrounding property, and those standing 
quite near escaped injury. - 

No. 42. (See Fig. 19.) November 28th, none injured.— 
Galloway, 28ft. long, 7ft. diameter, # in. plates, 201Ib. 
pressure. The part of the shell resting on damp brickwork 
at the left side was corroded so thin for a length of 10 ft. 
that it rent open, and was thrown to the right, while the 
back end with the tubes was turned bottom upwards, the 
front end being thrown forwards. The part which gave 
way was so thin as to be unable to bear the ordinary pres- 


sure. ‘ 
No. 43. November 28th, none injured.—Cornish, one 
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STEVENSON’S VENTILATOR AT THE HIGH BLANTYRE COLLIERIES, NEAR GLASGOW. 


CONSTRUCTED BY MESSRS. DICK AND STEVENSON, ENGINEERS, AIRDRIE. 
(For Description, see Page 178.) 
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of three, 33 Ib. pressure. Being in very defective condition, 
= injured by the acidity of the feed water, it was unable 

to bear th the ordinary working pressure, and was torn into 
many pieces, doing much damage, but the exact details 


have 4g ascertained. 
November 30th, none injured.—Locomotive. 
While standing at a station, just clear of the roof, the cast- 


iron dome off, and mounting high into the air fell on 
some empty carriages. The cause of the failure of the 
dome has not been ascertained. 

No. 45. December 2nd, 1 killed, 5 injured.—Lanca- 
shire, one of three, down a pit, 28 ft. ‘long, 7 ft. diameter, 

- pressure. he water ran low owing to escape from 

a badly fitted manlid, and the top of one of the — rup- 
oan: ae om overheating, while the men were 
tersibiy vent mischief, and me Sy moins mf 

N seabed, ec, ey morn such ened space. 

o. 46. (See. Fig December 6th, none injwred.— 





ae linder, 24 ft. long, 4 ft. 6 in. diameter, lates 
caamenl ways, 3) Ib. pressure. i for Seles 
solhen cal hesine alten , the water became low, and the 
sides of the boiler softened with overheating, and ruptured 
on the left hand. The boiler was thrown off its seat a 


short distance. 
APPENDIX. 
Slight collapses or explosions, not dommes of sufficient 
importance to be included in the general list 
0.1. January 21st, none injured. —Cornish, 20 ft. 
long, 5 ft. 6 in. diameter, 55 lb. pressure. Tube 3 ft. dia- 
meter. poly: wee ree plates of tube over fire collapsed 
and rent h shortness of water. 
No. 2. 2ist, 5 ‘he ai —Economiser. Some 


man teres te d 
, the fires bei — 
the economiser « 





inlet and outlet valves were left closed. a a short time, 
there no escape for the sone, andthe. safety valve 
spindle being found quite fast in the bonnet, some of the 
pipes of of the economiser exploded. 

0. February 1st, none ¢ seg —Cornish, 12 ft. 
long, 4 ft. 6 in. dikmeter, vy in tes. rae 2 ft. 4 in. 
diameter, ? in. plates. Tube collapsed through shortness 
of water for a Tength of about 4 ft., being wn down 
about 8 in. 

No. 4. April 3rd, noneinjured.—Lancashire 17 ft. 6 in. 
long, 5 ft. 6 in. diameter, 20 lb. pressure. Tube 2 ft. dia- 
meter. The second plate from Se end of right-hand tube 
slightly oy" ; foo shortness of 

reaking e Bin 1} 

No. 5. oe Bik t batted, 3 injured.—Stop valve was 
being opened when the hollow cast-iron bracket broke owing 
to defective castin, oo steam in the boiler to 


water, owing to the 


escape and scald 
ND. 6. a t ‘29th, 1 1 kiiled.—Steam drying table, 
12 ft. long, 6 ft. wide nnd 1 ft 8in. deep. _ Top was blown 
off into many pivces, being weakened by exteraal corrosion 
sent ee t. 
e 


September 1st, none injured. —Locomotive, slight 
omens of one of the small tubes. 
ae ow 21.) prenavee 9th, 1 killed, 2 injured. 
for hea a greenhouse, 2 ft. long, 
in Zin. wide, 1 ft. deep. e boiler was made up of an 
old bosh with a pare re Aa ee anda small gas tap was used 
for a drain pipe, choked with dirt there 
was no outlet for the steam, and it soon reached the burst- 


pa of. so weak a vessel. 
0. 9. September 13th, 7 injured.—Esparto boiler. No 


No. 10, October 14th, 1 killed,— 10 ft. 
poe Camctes, gave ‘way at the lid ee. 


No. 11. October 23rd, 3 injured. Bag boiler, 10 ft. long, 
5 ft. 6in. diameter. The lid sane gove way, allowing escape 
of the scalding contents of the 

No. 12. MH 9th, 1 injured.—Plain orate, one 
of four. The prrneahavi way and allowed the boiler 


to bog — 
a Desonter Lich 1lth, Titled, 1 injured.— Domestic. 
No Metall, but most likely through frozen pipes preventing 


= oo accumulated pressure. 
14. December 12th, none injured. — Domestic. 
No details, but most likely frozen pipes preventing escape 
o! 

No. 15. December 26th, 1 killed, 1 injured.—Domestic. 
Pipes frozen, so that the steam could no 

Ko. 16 December 18th, 1 # whoa —Domestie. Exploded 
on pesbenF of the being 

N-, 17. December I 16th killed, 1 injured.— Domestic. 
a but had exploded on account of the pipes being 
rozen. 





Srexzt Raits on THE Peay to CENTRAL i Mase npAD. 
—The Illinois Central Many gf 
16,000 tons of steel rails upon its New in. ‘in 
4000 tons more similar have been purchased 
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STEVENSON’S MINE VENTILATOR. 

Tue duplex ventilating fan of which we give illustrations 
on page 177, was erected a short time ago at High Blantyre 
Collieries, near Glasgow, at which, as will be fresh in the 
memories of most of our readers, a calamitous fire damp 
explosion took place towards the close of 1877. Fully a 
dozen single fans on Mr. Stevenson’s patent, and such as 
might be tolerably well represented by either half of 
Fig. 1 of our illustrations, have lately been erected at 
collieries around Glasgow, and have been generally much 
liked for their compactness as well as their efficiency, 
but the duplex fan under consideration is the first 
of its class that has been put to work, since which its 
performances have upset a theory which has obtained to 
some extent amongst mining engineers, to the effect that 
two fans could not be made to work in unison on one 
upcast shaft. As regards this point we may remark that 
it has even been seriously argued that two fans of equal 
diameters could deliver only a very small percentage 
more air than either of them working singly, and follow- 
ing this dictum the cumbrous single fans, as seen at those 
of our collieries where the more modern system of venti- 
lation is practised, have been extensively adopted. 
Commonly, such fans are provided with two engines, one 
to drive while the other is standing ready for connexion 
in a few seconds, in the event of accidental stoppage 
through derangement of the other; but this is at best 
obviously only a half measure of precaution, and perhaps 
the least half, as experience has shown that of the two 
main parts of the machine, viz., the fan and the engine, 
the former is the more liable of the two to encounter un- 
foreseen interruptions to duty. Any system, therefore, 
which promises additional security against unexpected 
stoppage of the air currents, through fault of the ma- 
chinery which impels them, must be regarded with con- 
siderable interest, particularly in connexion with the 
more explosive mines, from which now and again our 
mining fatality records are so frightfully swelled up. Ac- 
cordingly Mr. Stevenson's innovation has been watched 
attentively at High Blantyre, and various trials of the 
capabilities of the machine have been made. Before de- 
scribing the ventilator more minutely we may quote 
results of one set of these trials conducted by Mr. Ralph 
Moore, Her Majesty’s Inspector of Mines, his deputy in- 
tor Mr. Robi , Mr. Simpson, civil and mechanical 
and Mr. Watson, the manager of the 





engineer, Glasgow, 
mines. 

No. 1 Triql—Both fans running at 160 revolutions 
per minute, 2} in. water gauge, delivering 75,072 cubic 
feet of air per minute as ascertained by the average of 
three readings of anemometer, 30 ft. from top of up-cast 
shaft, all the air being carried round the whole course of 
air-ways. 

No. 2 Trial.—Both fans running as above, part of the 
air being admitted through the separation doors of air- 
ways so as to increase the quantity admitted to the fan, 
24, in. water gauge, delivering 96,768 cubic feet of air per 
minute, being the average of three readings of anemometer 
as above. 

No. 3 Trial—Both fans running 180 revolutions, and 
separation doors as above, 2} in. water gauge, delivering 
124,160 cubic feet of air per minute. 

No. 4 Trial.—One fan running 150 revolutions, 1,4, in. 
water gauge, delivering 60,000 cubic feet per minute. 

No. 5 Triak—One fan running 125 revolutions, {¥ in. 
water gauge, deliv 40,000 cubic feet per minute. 

Each of the fans at High Blantyre is 14 ft. diameter, 
and each is driven by a single engine with a cylinder 
16 in. in diameter and 10} in. stroke, These engines are 
very strongly built, with extra large bearing surfaces to 
all the working , they are throughout carefully de- 
signed and seem likely to be durable, and well suited for 
running at a high speed. Each fan is carried on one 
bedplate, and middle space between the two bed- 
plates is enclosed by a casing divided by a vertical parti- 
tion into two compartments, the inlets to which from the 
shaft are provided with doors or valves, When either 
fan is not working the correeponding door is closed so 
that the current of air to the other fan may be effectively 
maintained. 

At High Blantyre pit the ventilation is easily kept up to 
the desired point by the running of one of the two fans, 
the engine of the other one being kept heated and ready 
for instant action by moving at a few strokes per minute, 
all that is necessary in any emergency being thus the 
turning on of steam and raising the air valve on the 
mouth of the upcast shaft, 





THE QUILLACQ WINDING ENGINE. 

We give this week a two-page engraving of the 
winding engine exhibited at Paris last year by the 
Quillacq Company (Société Anonyme de structions 
Mécaniques d’Anzin—Etablissements de Quillacq), an 
engine which was in many respects the finest of its 
class in the Exhibition. It is, like all the other larger 
winding engines, a double cylinder engine, the two 
cylinders and frames being entirely separate, and the 
drums and brake placed on the shaft between the two 
journals. The general form of each bedplate is that of 
the Corliss engine, the cylinder being bolted end on to the 





are in four pieces, the upper one being of cast iron, the 
sides and bottom piece of brass. Sulzer (double-beat) 
valves are used, the valves of each pair (for one cylinder 
rong being vertically above one another in a box bolted 
to the side of the cylinder. The cylinders are steam 
jacketted, the jackets receiving steam on its way to the 
valves ; the exhaust valves are placed so that they can 
drain the cylinders. 

The valves gear is somewhat complex in appearance, 
but its general nature can be explained very briefly. Two 
eccentrics are used driving a Gooch link in the ordinary 
way. By the links }, and 5, a catchplate b, receives a 
continual reciprocating motion, whose extent corresponds 
to the degree of linking up employed. The centre of the 


a,, having a fulcrum about its centre. The lower end of 
the lever is connected by the link a, with the lever a,, 
whose upper end earries the catchplate above referred to. 
The catch at the top of 5, receives thus a kind of ellip- 
tical motion, and so gears alternately with steel edges on 


selves suspended (by 4,) from a lever g working on a 
fixed pin. The rod f, comes from the governor and 
through the spindle e and the links f, and f,, it determines 
the position of g, and consequently the cut-off ; dis the 
reversing shaft, shifting the connecting rod 6, up or 
down by the lever c, and the link c,. 

Very particular pains seem to have been taken with 
the arrangement of the working handles—a point of 
special importance in a winding engine,and they have 
been brought in very conveniently at one starting 
platform beside the engine, as shown in Figs. 1 





and 8. The lever d, is the main reversing lever, keyed 
on to the shaft d already mentioned. Beside it is the 
lever ¢,, which is so connected with the spindle e as to 
give the engine-driver control over the cut-off, inde- 
pendently of the governor, when required. The foot- 
plate n, is for opening the valve of the steam brake 
cylinder r,, which it does through the intervention of the 
spindle m and gear n,. Going still further out, the lever 
1, is for opening and closing the main throttle valve, by 
means of the spindle / and linkwork /,. The horizontal 
hand-wheel m,, lastly, works the brake gear through the 
spindle m by Sevel gearing. The gearing is controlled 
by a powerful Porter governor, which is said to act very 
promptly. The relation between the speed of the 
governor and the cut-off can be altered at will by the 
arrangement shown. During manwuvring of the cages, 
and so on, the speed is always slow, so that the governor 
does not then act on the cut-off, and the engine can work 
with as full steam as may be wanted. The gear isalso so 
arranged that when the reversing lever is in its mid 
position and thelink, consequently, in mid gear, the steam 
valves do not open, and the engine simply sucks in air 
through the exhaust valves, sending it out again through 
+ | valves on the sides of the valve chest shown 
in Fig. 1. 

The valves are made of cast iron, which is believed to 
answer quite as well as gun-metal. The piston rods and 
other working parts are of steel. The finish and work- 
manship about the engines as exhibited were very good, 
considerably better, we thought, than in the exhibit of 
the same firm at Vienna. Two winding engines similar 
to the one we illustrate have been supplied by the Quillacq 
Company to the Compagnie des Mines d’Aniche (Nord), 
whose manager speaks very highly of the way in which 
they have been working, both as to regularity of speed 
and convenience of handling. 





THE LATE MR, P. LB NEVE FOSTER. 
WE reprint from the Journal of the Society of Arts the 
following notice of the late Mr. Peter Le Neve Foster, whose 
sudden death we record with much it: 
‘The members of the Society will have been made 
aware, by the announcements in dail rs, of the 
severe and unex loss which has the Soci 


had attained to a good he was in his seventieth year 
when he died—none of his many friends had any anticipa- 
tion that he would not, for some time yet, able to 
continue the work at which he had been so long engaged. 
It is true that, since Christmas last, he had been suffering 
rather severely from the gout, but it was ho that the 
illness had left him, for he was apparently quite re- 
stored to health, and he was able to resume his duties 
at the Society, for some time interrupted. However, on 
Thursday, the 20th inst., immedia on his return to 
his own house at Wandsworth, he was seized with a 
sudden attack of angina pectoris, the result of fatty degene- 
ration of the heart. There were no previous sym of 
anything wrong, till some of his family coming into the 
room, where he had been sitting by 
minutes reading the newspaper, found that he had fallen 
back from his chair dead. So little expected was the 


attack that he had finished his ordi day’s work 
at his office, and had even walked up m the rail- 
way station to his own house. ing the day, none 


of the friends who saw him noticed any alteration in 
his manner or appearance, nor was there the slightest 
ae his so sudden end. Mr. Foster was born on 
the 17th of August, 1809, and was the son of Mr. Peter 


link is caused to move nearly in a straight line by alever | 


the links 4, which work the valves, and which are them- | ticnlarise 


by the death of Mr. Le Neve Foster. Though Mr. Foster | ¢ 


imself for a few} mod 


Arts in 
appointment as secretary, Mr. Foster had been connected 
intimately with the Society. His father had been a member 
as early as 1807, while, even before this, in 1800, another 
relative, Mr. Abraham Osorio, had joined it. This gentle- 


man was a very active member, on committees, and 
taking a considerable part ia the Bociety’s work. Its 
future became a member in 1837, on the proposal 
of Mr. (afterwards Sir) W. H. Bodkin. Later on he came 
upon the Council, and also filled the officer of b 
On -4 re ey, 4 the Society *. 7 to take Se 
secretaryship of the Crystal Palace, . Foster resign 
his seat on the Council, and became in his 
. It is needless to say that since that time all the 
work of the Society was conducted through him alone. 
Work of so varied a character left little leisure for other 
pursuits, and so it is that in the records of the Society 
and in those alone, that we must look for the history of 
Mr. Foster’s later life. It would be impossible to par- 
i ise any portion of the Society’s action with which 
he was more specially connected than with all the rest. It 
a almost be said that in every department of it he 
took an equal interest, and, at any rate, to each one he 
loyally devoted his powers and his time. How much of the 
success gained by the various movements of the Society 
was due to Mr. Foster can, indeed, never now known, 
for he was ever ready to do the work without ever seeking 
to obtain for himself the credit that was often his due. 
His individual contributions to the Society’s Proceedings 
are to be found in every volume of its journal. The prin- 
cipal were the two pa) he , one on ** Aluminium,”’ 
in February, 1859, and one on “ + Weaving by Elec- 
tricity,” in February, 1860. Mr. Foster was intimately 
associated with all the earlier international exhibitions. 
He was appointed to into effect the provisions of the 
Act for the protection of inventions in the Exhibition of 
1851, and was also named treasurer for payment of all 
executive expenses in the original Commission. With the 
arrangements for holding the Exhibition of 1862 he was, 
of course, ——_ ¢ connected from the beginning, since, 
as is well known, these were in the first instance entirely 
in the hands of the Society. He was also to the 
department of photography in that exhibition. The 
Moscow Exhibition in 1872 he was also closely associated 
with, as that was ae by a committee of the 
oa With that of Dublin in 1865 he was also con- 
nected, though not so closely, but he was one of the 
committee, and took an active share in its working. In 
the same way he may be said to have taken part in all 
the various exhibitions previous to + of Vienna. 
From his boyhood upwards Mr. Foster took a keen and 
enlightened interest in many branches of science. He was 
one of the first to take up and practice, as a scientific 
amateur, the art of photography, and on this y= he 
has written a deal in the pages of the British 
Journal of Pho graphy, and other periodicals; he also 
wrote the article on ‘‘ Ph phy,” in the series of 
volumes on “‘ British Industries,’’ edited by Mr. Phillips 
Bevan. He was one of the founders of the Photographic 
Society, and served on its council for many years. 
He was president of the Queckett Microscopical Club 
for a year. m 1863 to 1866 he served on the 
Council of the British Association, the meetings of 
which he has attended regularly for the past twenty 
ears. For thirteen years he acted as secretary of the 
echanical Section of the Association, the last time being 
at the meeting at Brighton in 1872. Mr. Foster was 
married in 1838 to Miss G. Chevallier, daughter of the Rev. 
C. Chevallier, Fellow and Tutor of Pembroke, Cambridge, 
and a man of some University distinction, Chancellor’s 
medallist, &c. T were eight sons and two daughters 
born of the marriage, all of whom are now alive. Mrs. 
Foster also survives ~ a -, 7 a a. Pn gr 
special er: qualifications for the e 80 
long so ably, few who knew him will need to be 
reminded. His kindly, genial nature, his readiness to 
receive and assist all the many applicants who came on 
such divers errands to the Society, made him loved and 
liked ———_ whom hecamein contact. Those who knew 
him intimately will be long before they find such another 
friend, always so kind, so helpful, and so willing. Perhaps 
‘ew men a larger circle of acquaintances, none id 
pass away with kindlier wishes, or amongst more sincere 
regrets. ae he lived to a ripe old age, anage at which 
many men would be seeking rest from the cares of work, 
no one ever seemed to think that it was time for Mr. 
Foster to be getting rid of the troubles of office, he was 
so full of life and vigour. The very day of his death he 
was oy wn the preparations for the coming conference 
by the Society on ‘‘ Health,” a subject in which he had for 
the last few years taken a special interest. The many 
friends who have contributed to his testimonial will be glad 


to learn that, though he was destined never to receive it, 
its satisfactory p: was a source of ware geet gratifi- 
cation to him. It been s » and — 


will certainly be acted upon, that a fresh effort 
le to increase the fund collected, now that a stronger 
ry mate made than was at all called | in So nee of 
what was but a complimen expression e 

but is now likely to bea valexble assistance where it 
certainly be wanted.’’ 








Exrata.—In our article upon Mr. Edison’s “ Electric 
Light Apparatus,”’ in our issue of last week, the following 
corrections shoul 


made : a 160, second column, 
“ » insert the 
oo i po any line 10 








frame and supported by a separate foot. The guides are 
bored, and have good surface. Tho main bearing brasses 


Le Neve Foster, of Lenwade, Norfolk. He was educated 
under Dr. Valpy at the Norwich Grammar » from 
whence he went up to Trinity Hall, Cam After 
having taken his as thirty-eighth in the 
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TWIN SCREWS. 

WE recently discussed somewhat briefly the ques- 
tion of twin screws (see ENGINEERING, p. 137 ante), 
and from the correspondence which has since reached 
us it is clear the subject is one that is at the 
present time a’ considerable attention. It 
may not, therefore, be out of place if we pursue 
the matter somewhat further than our space allowed 
us to go on the former occasion, 

The —— which chiefly exercises the minds 
of people who have to decide in practice between 
fitting twin screws or single screws to a vessel is, 
which system will afford the most economical means 
of propulsion? There are many other questions 
connected with the subject of course, such as those 
relating to the inconvenience of twin screws in dock 
or lying alongside wharves, the chances of fouling, 
the relative safety of twin screws against total 
breakdowns at sea, and the relative cost of fitting, 
working, and maintenance for single and twin 
screws ; but these are all questions that can be dis- 
cussed and decided any day on common sense and 
commercial principles, without the aid of scientific 
data and according to the trade the vessel is to be 
ep in. The real question at issue, viz., the 
relative efficiency of the two as means of 


propulsion, cannot be so decided, and that is why 
we have given it the chief prominence, and why 
an answer to it is so much sought after. 

We have also endeavoured to keep distinct two 
separate branches of this question that seem 
get mixed up with 

ess misapprehen- 


always to have had a tendency to 
each other, and to cause more or 





‘| that then there might be an advantage in adopting 


sion and confusion. There is in the first place what 
may be called the —— case, where both systems 
have fair play and can work under advantageous 
conditions. And we have the other case where 
the single screw cannot work advantageously owing 
to the limited draught of water, while the twin 
screws are not similarly hampered. 

The first case is one of general importance, and 
has reference to the thousands of steamers that com- 

our mercantile marine. The second is obviously 
imited in its oe to a small number, and 
therefore is of less general interest to the mer- 
cantile shipowners and shipbuilders of the country. 

Many false impressions of twin screws have been 
conveyed by comparisons favourable to them as 
against single screws in vessels of limited draught 
being applied too generally, and in our former article 
on the subject we were chiefly concerned to show 
that the comparison between the efficiency of single 
and twin screws, where both systems can be 
with average effect, where in fact the comparison 
can be fairly instituted, remains yet to be made. 
We are by no means sure that when it is made it 
will be seriously unfavourable to twin screws, espe- 
cially when their action is viewed by the light o 
that very able and interesting paper read in 1876 
before the Institution of Naval Architects by Pro- 
fessor Osborne Reynolds “‘ On the Unequal Onward 
Motion in the Upper and Lower Currents in the 
Wake of a Ship; and the Effects of this a 
Motion on the Action of the Screw Propeller.” e 
comparatively narrow margin of advantage claimed 
for twin screws years ago by Mr. Dudgeon and 
recently by Mr. White, under circumstances decidedly 
unfavourable to the single screw, almost preclude, 
however, the hope that we should gain rather than 
lose in propelling power by a general adoption of 
twin screws. 

Of course in arguing from cases where the effici- 
ency of the single screw has been hampered by 
limited draught of water and insufficient disc area, 
it is important to consider, if possible, how far this 
disturbing cause has operated. This is a difficulty, 
we think, that should have been recognised or met, to 
render the argument of Mr. White’s paper complete, 
if he intended to give it a wide application. His 
letter to us, which we published last week, is also 
silent on the point, and apparently admits the 
limitation to ic es. We might agree 
with Mr. White that the Atlantic mail steamers may 
either in the near or remote future, increase their 
engine power from 5000 to 9000 horse power, and 


twin screws equal to that existing in the heavy 
ironclads, without at all affecting our argument, 
which was that his figures did not prove anything 
beyond this. We realise, however, the magnitude 
of such a step, and believe another revolution in the 
marine engine, materially altering therate of coal con- 
sumption, would be necessary to make it commercially 
possible ; but apart from that, suppose it to come 
about, and sup sing we did apply such powers on 
a single screw, ins of being ‘‘a departure from 
established practice,” as Mr. White calls it, it would 
be only a conformation to much of the Admiralty 
practice of recent years in putting so much power on 
about the same diameter single screws. t the 
single screw would not ‘be able to economically 
utilise the larger powers” we quite admit, and this 
bears out what we said of the single-screw ironclads, 
and of the danger of arguing from them to merchant 
ships generally, especially on this pipers of twin 
versus single screws. Speaking of the performances 
of the Vanguard class, we said in our last article: 
‘¢We have not seen the point raised yet whether 
the twin-screw Nepean were y good, or 
whether the single-screw performances on which the 
Admiralty predictions were based were indifferent. 
If the single-screw ironclads have not had draught 
of water enough to render a single screw efficient, 
twin screws with larger disc areas ht easily 
y= single screw, and yet be indifferent pro- 
pellers. 

A few figures will suffice to show how much the 
single-screw ironclads used by Mr. White for pur- 
poses of comparison had become pinched for disc 
area before the Admiralty adopted twin screws for 
these heavy ships. Starting with the earliest iron- 
clads, we find the engines of the Warrior, Black 
Prince, and Achilles all developed less than 6000 
horse power, and had single screws of 24ft. to 
24 ft. 6in. diameter. ‘Those of the Agincourt, 
Northumberland, and Minotaur developed under 


veloped 6500 horse power on a screw of 23 ft. 6 in. 
diameter, we have for the ingle-screw 
vessels, given in Mr. White’s Table, the Monarch 
developing 7842 horse power, with a diameter of 
23 ft. 4in., the Hercules developing 8529 horse 

wer on a screw of 23 ft. 6in., the Sultan develop- 
ing 8629 horse power with a screw of 23 ft. 7 in., 
and the Independencia developing 8832 horse 
power with a single screw of ar 22 ft. 6 in. dia- 
meter. We need scarcely repeat the contrast be- 
tween this state of things and that of the Trans- 
atlantic merchant steamers that have a screw 
diameter of 23 ft. Gin. with less than 5000 horse 
power, 

When we pass from the single-screw to the twin- 
screw ironclads, the contrast in the amount of disc- 
area is very striking. Taking the Invincible class, 
we find an average, at 14 knots speed, of 17.75 
horse power per square foot of screw disc area in 
the single-screw ships, whereas in the twin-screw 
vessels there is 1 square foot of disc area to 11.4 
horse power, or 55 per cent. more disc area per 
indicated horse power in the twin than in the single- 
screw vessels, 

Taking the five larger single-screw vessels, and 
the three corresponding twin-screw vessels at the 
uniform speed of 14.6 knots, Mr, White’s Tables 
show for the former a mean of 19.52 horse power 
per square foot of disc area, and for the latter 
11.51 horse power per foot of disc area, or 70 per 
cent. more disc area per horse power in the twin- 
screw than in the single-screw vessels, 

These facts make it surprising perhaps that the 
single and twin-screw ship performances alluded to 
came out so nearly equal as they:did. At any rate 
they show it would be rash to argue from such per- 
formances to those of vessels in which it is possible 
to keep the same disc area, whether single or twin- 
screws are adopted, or to adopt such areas as will 
give the best results with single as well as twin 
screws, 

In discussing this matter so freely as we have 
done we fully recognise the value of the facts con- 
tained in Mr, White’s paper, and we, therefore, do 
not quite share the views expressed by the corre- 

ondents whose letters we _ on another page. 
tis true those facts do not w much light on the 
subject of twin screws versus single screws as 
it affects the mercantile marine generally; and 
although it may be easy enough to infer that where 
the draught is too limited to use single screws 
effectively it is better to use twin screws, there 
is far more than this to be considered. (Quantita- 
tive results are always valuable, and those in 
question enable us to more nearly the limiting 
position where it becomes advisable to depart from 
the single in favour of the twin screw, and more- 
over the figures given confirm the wisdom of the 
step taken by the mer gs A adopting the twin 
screw for heavy ironclads, e do not care to dis- 
cuss whether or not Mr. White intended in his paper 
to argue in favour of the superior efficiency of twin 
screws in vessels generally, as could easily 
be quoted on either side; and Mr, White’s letter 
sufficiently shows that he is now, and probably has 
always been, alive to the difficulty of generalising 
far beyond the particular type of ship to which his 


data a: plics, especially in questions of propulsion. 
Wel ve he #4 word to say against the recom- 
mendation to adopt twin screws in the Trans- 
atlantic steamers of the remote future, and until 
the time is ripe for their appearance, we qui 
e with Mr. White that the Australian line 
ers a promising field on which to make a trial 
of twin screws. e large variation in draught of 
water arising from the large coal consumption 
would favour twin screws, and twin screws would 
doubtless add to the security of passengers. The 
speed, however, on this line is not, and is not likely 
to be, so high as to prevent single screws being 
worked advantageously, and no one can therefore 
count with certainty upon “even amoderate economy 
of er,” or even on a moderate loss, arising from 
a change to twin screws. And so it is with vessels 
like the present Atlantic liners, ‘where the single 
screw can be made sufficiently large to economically 
utilise the power of the engines,” much more could 
be said for and against them than has been said, but 
the main and only difficult question to solve is whether 
they could be propelled as economically or nearly 
so with twin screws as they are being propelled by 


single screws? And this we must repeat is not in 





7000 horse ey with practically the same diameter 
of screw. 





we except the Bellerophon, which de- 





any way answered by Mr, White's or by the 
souls of tes then tells yet published, 80 oe as 
we have been able to gather them. 
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THE NEW PATENT BILL. 
We have to congratulate the Attorney-General 
on having produced a Bill which, if in some respects 
not all we could wish, is unquestionably a very t 
improvement on his former attempts to amend our 
tent laws. We shall not on this occasion enter 
ully into the various points which we desire to see 
altered, but shall probably recur to the subject at 
an early date. Meanwhile we may mention that 
among other things the Bill now before Parliament 
provides for additional unpaid Commissioners ; ex- 
tension of provisional protection to twelve months ; 
publication of complete specification three months 
at least before the end of provisional protection ; 
the referring of only opposed cases to the law officer ; 
an appeal by petition to the Lord Chancellor against 
the oo officer's report; extension of term to 21 
years, the power of prolongation by the Judicial 
Committee of the Privy Council being abolished ; 
relief on accident, mistake, or inadvertence prevent- 
ing payment in due time of periodical stamp duty ; 
large power of amendment before and after sealing ; 
improved procedure as to disclaimers and alterations ; 
the binding of the Crown, with power for con- 
tractors to use, on terms; compulsory use or licens- 
ing; abolition of scire facias; restrictions as to 
patents for imported inventions ; power for the law 
officer to take evidence on oath ; power for the Lord 
Chancellor to appoint a judge of the High Court to 
hear patent petitions ; the requiring of pe od parti- 
culars of objections or of breaches in all cases; the 
assistance of experts in patent trials; large powers 
to regulate procedure by general orders, and office 
practice by general rules of Commissioners; pro- 
vision for the Patent Museum; and reduction of 
stamp duty, the first cost of a patent to be usually 
177. 10s.; or if no amendment be required before 
sealing, 12/. 10s., instead of 25/. as heretofore. 

One of the most satisfactory features of the Bill is 
the absence of the objectionable examination clauses 
which have in one shape or another appeared in all 
the previous patent Bills introduced by the present 
Government, Against this gain, however, there is 
the provision that the complete ea merig shall 
be made public before the grant of the patent. This 
is a point requiring very careful consideration. If 
instead of this the office on receipt of a complete 
specification would privately notify the inventor of 
anything known likely to bear on his claims, so that 
he might, if he desired, cut them down by amend- 
ing his specification, we think the result would be 
more satisfactory. We do not like the undue increase 
of facilities for obstructing the granting of patents, 
especially because applicants are even now, to our 
own certain knowledge, sometimes prevented from 
getting their patents for want of pecuniary means to 
meet the expenses involved by an opposition. We 
consider additional facility of opposition the less 
desirable or needful in view af the additional 
facility that is provided for procuring the revocation 
of a patent by petition to the Lord Chancellor. 

The nineteenth clause provides that a patent 
shall be liable, at any time after the end of three 
years from its date, to be revoked on the ground 
that the patentee fails to use or put in practice the 
invention, by himself or his licensees, to a reason- 
able extent, within the United Kingdom, or to 
make reasonable efforts to secure the use or practice 
thereof there, proof to the contrary whereof shall 
lie on him. This most objectionable provision clearly 
shows the Attorney-General is not experienced in the 
practical working of the patent laws of foreign coun- 
tries, where analogous provisions are common. The 
German authorities themselves do not as yet seem to 
know how they will interpret their own law in this 
— a oe, then, is a patentee to know whether 
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The powers proposed to be given to the Com- 
missioners in the way of making rules seem to be 
somewhat extensive, and must not escape attention. 


COWPER’S WRITING "“ELEGRAPH. 
THE most recent of the brilliant series of tele- 
graphic marvels which has from time to time, and 
especially of late, en the attention of the 
world, is the ‘‘ telegraphic pen” of Mr. E. A. Cowper, 
hovubreesgge Men ineer of Great Geor ymca 
estminster. is ingenious apparatus, which con- 
atitutes the first real elegpegh wes publicly shown 
Py its inventor at the meeting of the Society of 
elegraph Engineers on Wednesday, February 26, 
before one those overflowing audiences which 
only assemble there on great occasions, such as the 
exhibition of the telephone, the phonograph, or the 





microphone attracted. The telephone enables us to 
talk to a distance by wire; but words are fleeting 
things in spite of phonographs; and an instrument 
which permits us to write at a distance is a valuable 
addition to telegraphy. 

There had been no lack of copying telegraphs 
hitherto. We have Bakewell’s, Casselli’s, Meyer's, 
and D’Arlincourt’s, so recently tried at our General 
Post Office by Mr. Preece, All of these instru- 
ments telegraph an almost perfect copy of the 
writing or sketch submitted to them by means of 
synchronous mechanism. But the process is neces- 
sarily complex and slow ; whereas by the new de- 
vice a person may take the writing pencil in his 
hand, and himself transmit his message in the act 
of writing it, so that could his eyesight reach so far 
he would see the duplicate pen at the distant end of 
the line tracing out the facsimile characters as he 
formed them, just as if his arm had been lengthened 
out to that extent. The simple speaking telephone 
pe gem: a number of more complex tone telephones ; 
and so it is also highly probable that Cowper’s 
writing telegraph will in time supersede the older 
copying telegraphs we have mentioned, 

he principle which guided Mr. Cowper to a 
solution of the problem which he has successfully 
overcome, is the well-known mathematical fact that 
the position of any point in a curve can be deter- 
mined by its distance from two rectangular co- 
ordinates. It is upon a similar principle that a ship’s 
course at sea is plotted upon the chart by means of 
latitudes and longitudes. It follows, then, that 
every position of the point of a pencil, stylus, or 
pen, as it forms a letter, can be determined by its 


distance from two fixed lines, say the adjacent 
edges of the paper. Moreover it is obvious that if 
these distances could be transmitted by telegraph 
and recombined so as to give a resultant motion to 
a duplicate pen, a duplicate copy of the original 
writing would be produced. But inasmuch as the 
writing stylus moves continuously over the paper, 
the process of transmission would require to be a 
continuous one, that is to say, the current travers- 
ing the telegraph line, and conveying the distances 
in question (or what comes to the same thing, the 
up and down, and direct sidelong ranges of the 
stylus) would require to vary continuously in 
accordance with the range to be transmitted. 

Mr. Cowper effects this by employing two sepa- 
rate telegraphic circuits, each with its own wire, 
battery, sending and receiving apparatus. One of 
these circuits is made to transmit the up and down 
component writing of the pencil’s motion, while the 
other simultaneously transmits its sidelong com- 
ponent. At the receiving station these two com- 
ponents are then recomposed by a pantograph 
arrangement of taut chords, or levers, and the re- 
sultant motion is communicated to the duplicate 
pen at that place. The plan adopted by Mr. Cowper 
to transmit each continuously varying component is 
to cause the resistance of the circuit to vary very 
closely with the component in question. The annexed 
diagram shows how the apparatus is theoretically ar- 
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ranged for this purpose. P is the writing style which 
is held in the writer's hand in the ordinary way, while 
he shapes the letters one by one on paper pulled 
uniformly underneath by means of clockwork. To 
P are attached, at right angles, two arms aa, one 
for each circuit ; but as it is only necessary to con- 
sider one of the circuits, say that sending up and 
down motions, we will confine our attention for the 
resent to the arm a. One pole of the sending 
ttery B is connected to the arm a, the other pole 
being connected to earth. Now the arm a is fitted 
with a sliding contact at its free extremity, and as 
the pencil P is moved in writing, a slides lengthwise 
across the edges of a series of thin metal contact 
plates C, insulated from each other by paraffined 








paper. Between each pair of these plates there 











is a resistance coil C, and the last of these is 
connected through the last ? ange to the line L. It 
will be seen that as a slides outwards across the 
plates the current from the battery has to pass 
through fewer coils, since a short-circuits a number 
of coils proportional to its motion. But the fewer 
of these coils in circuit the stronger will be the 
current in the line ; so that the extent of the motion 
of the arm a in the direction of its length, that is to 
say the direct component of the motion of the pencil 
along the line of the arm a, is attended by a corre- 
sponding change in the current traversing the line. 

If the pencil makes a long up and down stroke 
there will be a strong current in the line, if a short 
one there will be a weak current, and soon. A 
precisely similar arrangement is used to transmit the 
sidelong motion of the pencil along the line L. 

The current from the line L flows at the receiving 
station through a powerful galvanometer G to earth. 
The galvanometer has a stout needle, one tip of 
which is connected to a duplicate pen P, by a thread 
¢, which is kept taut by a second thread stretched 
bya spring s'. The current from the line L' flows 
through a similar galvanometer G' to earth. The 
needle of G' is also connected to the pen P bya 
taut thread ¢/, stretched by means of the spring s. 
Now, since the needle of each of these galvano- 
meters deflects in proportion to the strength of the 
current flowing through its coil, the points of these 
two needles keep moving with the varying currents. 
But since these currents vary the motions of the 
sending pen, the receiving pen controlled by the 
united movements of the needles will trace out a 
close copy of the original writing. We annex a 


Leg amr firm—our—own_toverflrndit 


facsimile of a sentence written by Mr. Cowper's 
telegraph, samples of which were distributed at the 
meeting last Wednesday. 

The receiving pen is a fine glass siphon drawing 
off aniline ink from a small glass holder. There are 
thirty-two coils C in each circuit with a correspond- 
ing number of contact plates c, so as to get accuracy 
of working. A few Daniell’s cells are sufficient to 
operate the apparatus, and writing has been already 
sent successfully over a line 40 miles in length. The 
writing may be received either of the same size or 
larger or smaller than the original as the case may 
be. At present the writing must not be too hurried, 
that is, unless the characters are bold and well 
formed; but further improvement will of course 
quicken the working of the apparatus. 

Cowper's writing telegraph is destined to supple- 
ment the telephone as a business telegraph, its great 
merit over the latter alone, consisting, as was before 
pointed out, in the fact that it gives a written record 
of the message, and if need be, a record written in 
the very handwriting of the correspondent. This 
property of allowing any one who can write to 
manipulate it, will also render it useful as a field, 
military, and a private and confidential telegraph. 
It will, of course, admit of all kinds of general 
orders from commanding officers or code and cypher 
dispatches being sent, and it will prevent cabalistic 
signs, unintelligible to any except those in the 
secret. In the same way, shorthand reports may 
be sent direct to newspaper offices by “‘ our own 
correspondent.” ; 

The engravings, Figs. 1 to 4, on the opposite , 
illustrate'the actual apparatus. Fig. 4 isa plan of the 
sending instrument withthe writing pencil a, the tra- 
velling paper 4, the light connecting rods or arms d 
(which correspond to a in the theoretical diagram 
above), the series of metal contact plates over which 
thesearms slide, the resistance coilsconnected to these 
plates, and the battery and line wires. It will be seen 
that each arm d is connected to its particular battery, 
and each set of contact plates to its particular line. 
Fig. 3 is an elevation of the sending instrument, 
in which a is the pencil as before, cc the contact 
plates over which the arms d d slide, ff the coils, 
and 4 the travelling slip of paper. ‘ 

Fig. 2 is a plan of the receiving instrument, in 
which 44 are the light pivotted needles surrounded 
by coils of fine insulated copper wires ii, and con- 
trolled in their zero position by the electro-magnets 
jjij placed underneath, the whole forming a pair 
of galvanoscopes or current detectors, one for each 
line. It will be understood that the vary 
currents from the lines are allowed to flow throug 
the coils ii, so as to deflect the needles, and that 
the deflections of the needles follow, so to speak, 
the variations of the currents, The electro- 
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magnets are magnetised by a local battery ; per- 
manent magnets might, however, take their Bsn 
with a gain in simplicity. Now the writing pen k 
is connected to the nearest tip of the needle 
h of each galvanoscope by threads ax, which are 
kept taut by the fibres 0, 09 05, the springs o and the 
pins o,. In this way the motions of the needles are 
recombined in the motion of the duplicate pen upon 
the paper p. Fig. 1 is an elevation of the receiving 
instrument, in which i 7 are the coils as before, 7777 
the controlling electro-magnets, & is the writing 
syphon dipping with its short leg into the ink-well 
m, and / is the bridge from which the writing syphon 
18 suspended by means of a thread and spring. The 
long leg of the syphon reaches down to the surface 
of the paper p, which is pulled along beneath it in 
contact with the film of ink filling the point of the 
tube. When the syphon is at rest its point marks a 
zero line along the middle of the paper; but when 
the receiver is working, the syphon point forms each 
letter of the message upon the paper as it passes. 





THE PROGRESS OF THE ELECTRIC 
LIGHT. 

In the face of the most determined opposition, 
and notwithstanding the extravagant and ill-founded 
rumours started into circulation by the gas com- 
— and kept alive by interested as well as 

Y ignorant parties, the electric light continues its 
onward progress with extraordinary rapidity and 
reat mas It could only have been expected by 
usiness men as well as by all who, by watching the 
times, are able to take a calm common sense view of 


things, that so mad a scare as was occasioned a few 
weeks ago in the share market on no more solid 
foundation than a few unscientific and unauthen- 
ear newspaper parapraphs, would, of necessity, 
a ollowed by a great reaction, anil that when the 

pressing action of extravagant claims had subsided, 
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the inherent resilience of the share-market would 
come into play, and a similarly opposite effect would 
be produced. On the other hand, but few observing 
commercial men can have been blind to the fact 
that although under the forcing atmosphere of a pass- 
ing excitement, scores of so-called ‘‘ new” systems 
for electric lighting had sprung up in the night, only 
to wither and disappear in the daylight of common 
sense and experience, the electric light on a whole 
was marching steadily onward, gaining rather than 
losing strength by opposition, and surely asserting 
its right to be considered for its own legitimate 
pu 8, as the light of the immediate future. 

ne of the principal stumbling-blocks in the 


-way of the public taking a reasonable view of the 


electric light question, and which has undoubtedly 
contributed more than anything else to the com- 
mercial agitation to which we have referred, is the 
ignorance which exists as to what is and what is not 
the legitimate field in which electric illumination, as 
it exists at present, may be advantageously employed; 
and newspaper writers, with a few exceptions, hows 
much to answer for in increasing rather than dis- 
persing that ignorance. A great deal of nonsense 
has been spoken and written in condemnation of the 
electric light because it has failed, or at all events 
has not accomplished hitherto, the supplanting 
of other illuminants in our dwelling-houses and in 
small rooms; and even its inapplicability to the 
lighting of inferior streets has been cere against 
it, as if that and the illumination of dwelling-houses 
were what its —- claim as among its principal 
advantages, Nothing is easier than to conjure up 
a giant for the sole purpose of laying him fiat, 
unless it be the latter operation itself, and it is 
interesting to notice how persistent is the inapplica- 
bility of the electric light to purposes for which, in 
its present stage, it is obviously inappropriate, not 
more on account of its] cost than by reason of its 
great power. Similar objections might be raised, 
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for interested motives, against lighthouse apparatus 
for the reason that a first-order dioptric apparatus 
is inapplicable to the illumination of a dining-table, 
or against public bells because ‘‘ Big Ben” could 
hardly, without inconvenience, take the Baer 3 of a 
dinner gong. Within its proper domain the electric 


light, in good hands, has no competitor worthy of its 
steel, and although we would far from saying 
that electricity will never at any period produce the 


light of the future, even for illumination of 
private dwellings, still that is to all intents and pur- 
poses as far off as it was fifty years ago, and unless 
some discovery be made which will be little 
short of a revolution of the whole science of 
electricity, gas shareholders need not have their rest 
disturbed on that score for a single moment. They 
have far more to fear from other quarters, and per- 
haps the philosopher’s dream of “ ing up” sun- 
light and using it in the hours of darkness, may 
yet prove not so visio after all, at all events 
there are upon the scientific horizon in this direction 
indications of the rising of a little cloud no bigger 
than a man’s hand — may Se come to be re- 
ed as not altogether insignificant. 
or Withont overstepping the boun line which 
encloses its special domain, the electric light has a 
great immediate future before it ; its perfect appli- 
cability to the lighting of great halls, theatres, and 
other public buildi gs as well as to the illumination 
of shops, factories, docks, squares, streets, and ex- 
tensive building operations carried on at night, to 
say nothing of its special oe to lighthouses 
and ships, and to naval and military operations, give 
to it an impregnable commercial position, and one 
which menaces the gas interest in some of its most 
valuable prvi and it is little but short- 
sighted folly for the gas companies to content 
themselves with issuing to their shareholders, or 
publishing in the public press, unscientific and 
absurd reports w! can only have the ultimate 
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effect of defeating the “7 object they are a 
attempting to support. ey are confronted wi 
a powerful gone and they must look the 
ifficulty fairly in the face and pre them 
selves there to bring about peace if they cannot 
effect an alliance, or abide by the consequences of a 
war. 
The use of gas for the illumination of large public 
buildings has received a very severe blow in the 
important success which has attended the electric 
illumination of the Albert Hall at Kensington, 
which is exceptionally well qualified for testing 
the merits of any system of illumination. On 
Wednesday evening for the second time the in- 
terior of the Albert Hall was illuminated exclusively 
by the electric light, during the performance of 
andel’s ‘‘ Messiah” by the Albert Hall Choral 
Society, and the most prejudiced of ‘ gasophils,” if 
any such were present, must acknowledge that it 
was in every sense of the term a complete and 
triumphant success, From eight o’clock until past 
eleven the great hall was bathed in a soft brilliant 
purely white light, which neither fluctuated nor went 
out, and a conclusive practical answer was given to 
the allegations that the electric light cannot be 
maintained with steadiness, and that it is dazzling 
and distressing to the eyes. 

Suspended by cords from the central elliptical 

lantern of the great hall, and about 150 ft. from the 
floor, were four of the smallest size Siemens regu- 
lators enclosed in glass lanterns, the form of which 
was the frustrum of an inverted cone, slightly 
clouded by being coated for about five-eighths of 
their height with a translucent white paint, and sur- 
mounted with octagonal conical shades of clouded 
glass, which, receiving the direct rays of the electric 
arc through the clear portions of the lanterns, re- 
flected them downwards, mingling their soft light 
with that ing through the lower portions of the 
lanterns. The regulators carried a length of about 
20 in. of carbons, which were about six-tenths of an 
inch in diameter, and which, in order to reduce their 
resistance were coated by electrolysis with a thin film 
of metallic copper. Such carbons are calculated to 
burn for six hours, so that a very — margin of time 
was available for the continuance of the light. The 
lamps were fed by four medium size Siemens ma- 
chines, each capable of giving a light of 6000 normal 
sperm candles, at a speed of 743 revolutions per 
minute. ‘This speed is about 60 revolutions in 
excess of that at which the machines are driven 
under ordinary circumstances, but as the external 
resistance of the circuit is increased by the great 
length required for the conducting cables, the ma- 
chines have to be driven a little faster to give their 
maximum efficiency at the lamps, The machines 
were fixed in the basement of the building close to 
the conservatory of the Horticultural Gardens, and 
were driven by the pumping engine aleady there 
installed. 
It had been intended, as on the previous occasion, 
to employ five electric lamps, but before the per- 
formance commenced one of them was removed 
with a decidedly marked a in the beauty 
of the jillumination, as the object was not so 
much to show with what powerful intensity a great 
hall can be illuminated by electricity, as to give the 
most perfect light in the sense of brilliancy and 
purity, keeping in view the question of personal 
comfort. 

In addition to the lights suspended from the 
central roof, the orchestra was illuminated by four 
Jablochkoff candles mounted on four temporary 
lamp-posts fixed in the organ gallery, and sur- 
rounded with the usual opal g globes, and 
capable of emitting a light = the globes re- 
moved) of 300 candleseach. Each globe contained 
four electric candles, as in the lamps at Paris, and 
were switched into circuit in succession once every 
hour. The characteristic rosy tint of the light of 
these lamps, due partly to the opal globes, but 
chiefly to the chemical constitution of the insulating 
material between the carbon pencils; made a ve 
agreeable contrast to the perfectly white light wi 
which the body of the hall was illuminated, 

The principal point of interest in connexion with 
the Jablochkoff lights at the Albert Hall lay in the 
fact that they were fed not by their usually accom- 
panying alternate-current Gramme machine, but by 
a new Siemens machine constructed to give alter- 
nate currents. This machine, or rather pair of ma- 
chines, was also placed in the basement with the 
other generators, and was driven from the same 
countershaft. Like both the alternate current 


electro-magnets of the Siemens double-current 
generator are excited by a smaller or pgs Senet 
chine, which in this case consists of an ordi 
Siemens dynamo-electric machine of exceptionally 
mall dimensions, thecurrent from which has nothing 
to do but to traverse the coils of the magnets of the 
second machine, and so excite the magnetism by 
which the alternating electric current is induced. 
The larger machine consists of a ” of annular 
vertical frames, from the face of each of which pro- 
ject eight horizontal cylindrical electro-magnets 
arranged in a circle, the free ends of one crown of 
magnets being opposed to the free ends of the other, 
having a space of about 3in. between them. Within 
this space revolves on a horizontal axis, which 
passes through the centres of the annular frames, 
a dise carrying eight cylindrical coils, having their 
axes parallel to the electro-magnets, and united in 
series. These coils are connected to a cylindrical 
commutator similar to that employed in both the 
Siemens and the Gramme machines, and upon 
this the collecting brushes press. The magnets 
are wound in alternate directions, so as to 
present to the revolving coils north and south 
poles alternately, and a north pole of any parti- 
cular magnet of one frame is opposite to a south 
le of its corresponding magnet on the other 
rame. From the construction of this machine it 
will be seen that a rapidly alternating current of 
electricity must be induced in the circuit of the 








Gramme machine and the Lontin apparatus, the 


revolving bobbins, and by means of the com- 
mutator and brushes is sent into the external circuit. 
This machine, driven at a speed of 660 revolutions 
per minute, works with great steadiness, produc- 
ing a current which is reversed no fewer 80 
times per second, and it appears to be entirely free 
from that humming sound so often associated with 
rapidly alternating machines. The four electric 
candles at the Albert Hall were worked by this 
machine in one circuit, and they, too, did not emit 
any perceptible sound at all. 

As regards the cost, the working of the seven 
machines (that is to say the five dynamo machines, 
and the pair of machines for the Jablochkoff 
candles) for four hours consumes under one ton of 
coals, which includes the getting up of steam, and 
the trial experiments before the actual lighting for 
the evening. The following is a close approxima- 
tion to the cost of illuminating the Albert Hall for 
four hours with the seven machines (the pair of 
machines for producing the Jablochkoff current 
being about equal in cost of working to one of the 
others) : 





£& s. 4d. 
Coal eee eve eee eee eee 1 0 0 
Carbons..... oe ove om 010 0 
Wages ee owe one jee 010 0 
Wearandtear ... ove » 010 0 
£210 0 

which is at the rate of 12s. 6d. per hour. 


To this must be added interest on capital about 
800/., which would be considerably less than the 
capital represented by the gas fittings and con- 
nexions of such a building as the Albert Hall. The 
amount of gas consumed during the same period of 
3$ hours, deducting the half hour, which represents 
the cost of getting the electric light ready to work, 
is 42,000 cubic feet, which at 3s. 6d. per thousand 
cubic feet amounts to 7/. 7s., or at the rate of 2/. 2s. 
per hour, as — 12s. 6d. for the electric light, 
and this is making no allowance for wages of at- 
tendants nor for depreciation of capital. 

There could ly be a more critical occasion for 
a trial of the success of the electric light than dur- 
ing the performance of so subline a work as Handel’s 
‘* Messiah ;” for lovers of music cannot brook the 
slightest occasion of disturbance or anything which 
can detract their attention from the music. The 
smallest fluctuation of the light, or hissing or other 
noises emitted by the lamps, would be fatal to the 
comfort of a musical audience, and we can but bear 
testimony with any one who was present on Wednes- 
day evening that the behaviour of the electric light 
left nothing to be desired, and was in every sense of 
theterma complete and conclusive success. Weought 
to mention that the arrangements of the installations, 
as well as the management of the apparatus, were en 
trusted by Messrs. Siemens Brothers to Mr. Alexander 
Siemens, whom we must congratulate for having 
demonstrated by actual working on two important 
occasions the fact that the application of electricity 
to the illumination of public buildings is a proved 


TWIN SCREWS. 
To THE Eprror oF ENGINEERING. 

I HAVE read with some interest a letter in ENGINEERING 
of the 21st inst from Mr. W. H. White upon the subject of 
twin screws. It shows how unsafe it is to generalise 
upon insufficient data. Mr. White read a paper in 
April last before the Institution of Naval ‘Architects, in 
which he advocated the superior efficiency of twin screws to 
single screws, and the general adoption of twin 
screws upon mercantile shipowners and shipbuilders. This 
he did apparently on account of the result of some trials of 
the two Cog me in the broad and _ heavil. iron- 
clads of the Royal Navy, and in spite of the fact that the 
—— trials of two merchant steamers, to which he 
all , show the advantage to be in favour of the single 
screw. You have drawn attention in your article of the 
14th inst. to the weakness of Mr. White’s argument, and 
now he explains that he only advocates twin screws in 
cases where you cannot get draught of water sufficient to 
admit of a sufficiently large single screw ; although he adds, 
**much more might be said in favour of the use of twin 
screws even in vessels such as the Britannic, when the 

ingle screw can be made to economically utilise the power 
of the —— 

It would be interesting to know what the ‘‘ much more”’ 
is to which Mr. White refers, and which he now carefully 
avoids saying, as it is nothing new to tell us that if we 
cannot get draught of water enough for a single screw we 
shall probably do better by having twin screws. Nobody will 
dispute this. Twin screws are at present used in the 
mercantile marine when limitation of draught renders them 
clearly superior to the single screw. You appear to have 
fo Mr. White to admit that he has nothing more than 
this to say, and meant no more by his paper—thongh the 
attempts to cover the admission by mysteriously giving out 
that “‘ he could an’ if ha would.” 

In reading Mr. White’s paper I notice he refers to the low 

first attained by the Iris, and the great improvement 
that resulted from afterwards reducing the blade areas. 
I should like to ask him if the Constructors’ Department 
had not pronounced her a failure in speed, and if it was not 
Mr. Froude who pointed out and proved that such failure 
was due to the screws being ery Ag rtioned, and who 
converted it into the success that Mr. ite describes. 

Your obedient servant, 
MERCANTILE MARINE. 
Glasgow, February 24, 1879. 


To THE EDITOR oF ENGINEERING. 

Srz,—I have followed with much interest the leading 
articles you have recently published on screw propulsion, 
and I gather from them that in your opinion nobody knows 
much about the subject. That is very much my opinion. 
I have thought several times I was getting near the subject 
by one propeller after another, and by altering the 
form and pitch of the blades, but erally found myself 
very soon back at about the same bm as I started from. 
This isa frank admission. I did not expect, however, to 
find that your sweeping assertions of general ignorance, 
although you did not claim superior knowledge yourself, 
would pass unchallenged. Surely, I thought, those people 
who pretend they have found out the correct thing in pro- 
pellers will say something in defence of the faith there is 
in them, and justify their claims to public confidence. They 
seem, however, to shrink from public discussion, and if 
their ideas of the action of the screw propeller are as f 
as my own, although I have made many attempts to clear 
them up, I do not blame them. 

The merest could understand the absurdities you 
gue out in the advertisement that was published by the 

nstitution of Naval Architects asking for papers on the 
screw propeller to compete for a gold medal. 

Your last article was on twin screws. I have not Mr. 
White’s paper by me at the present moment, and I may 
mistaken, but I understood him to be arguing that twin 
screws would generally be found more economical than 
single screws. Your article on the subject, therefore, 
surprised me somewhat. Mr. White’s letter published by 
you last week, however, seems to give up what I thought 
was the main point of his paper. No doubt when you have 
not draught of water enough to use a single screw economi- 
cally it is better to use,twin screws. this is all that has 
been proved I can only say that I have once more got back 
to about the same point as I started from. 

: I am, Sir, your obedient servant, 

Liverpool, Feb. 24, 1879. Screw PROPELLER. 


MINE VENTILATORS. 
To THe EpiTor or ENGINEERING. 

Srer,—In your issue of the 14th inst. a letter was 
published drawing attention to the subject of mechanical 
ventilators for mines. Your correspondent having had 
i of apparatus recommended, each 
t, naturally inquires whether it would 
not be possible to determine their respective merits by ex- 
SS It is certainly possible to try all the various 

of ventilators ‘‘ under preci iy simi circum- 
stances ;’’ not only, however, would the iment be a 
very costly one, but I venture to doubt whether after all it 
would be conclusive ; because no two mines are 
alike, and that form of ventilator which proved to be best 
in certain cases, might not be so under other circumstances. 
The two circumstances which a) to me to be most 
essential are (1) the quantity of air required, and (2) the 
friction eis Jes to be age eet by me, _. its 
ssage through the mine. In proportion as the friction 
 grester or less, a ventilator of higher or lower exhaust- 
ing power will be necessary. The case resembles that of 
pumping water from a given depth. 2 
If it is required to raise a moderate quantity of water 











success, and is both in efficiency and economy with- 
out a competitor worthy of the name of a rival. 


from a great depth, a lift or force pump is employed ; but 
if it i ti of ss ti from little 

















Fes. 28, 1879.] 


ENGINEERING. 


183 





are certain mine ventilators which act as suction pumps ; 
others as centri pumps; and of those mention 
your correspondent, I would refer to the Cook, Root, 
Strave as examples of the former, and to the Gnuibal, 
Leeds, Rammell, Schiele, and Waddle as examples of the 
latter. The former are capable of extracting a nearly 
constant quantity of air at each stroke or revolution under 
a high degree of exhaustion ; but the quantity is limited 
by the capacity of the machine. The latter (the centri- 
fugal ventilators) are able to produce very large quantities 
of air, but are limited in point of exhausting power. Cen- 
trifugal ventilators may be further disti hed into those 
which are provided with an outer and deli 

66 chimney,’ of which the Guibal is the original » an 
those which, not having this addition, are called ‘‘ open- 
running fans,” of which the Waddle is perhaps the most 
successful example. The open-running fans are of simpler 
construction, and require less masonry; but I believe that 
the encased fans are theoretically and aegrengy Page per- 
fect, though, to give adequate reasons for this opinion 
would occupy too much of your valuable space. 

I would remark in conclusion, that the only useful object 
of mine ventilation being to circulate as large a quantit 
as possible, the more the friction of the air can be reduced, 
the less — will be expended; and although a certain 
degree of friction is unavoidable, practical miners are able 
by various devices (of which the most important consists 
in splitting the air current underground into several 
branches) to reduce the frictional resistance to a trifling 
amount, even while. the quantity of air in circulation is 
very great. The degree of exhaustion required seldom 
exceeds 25 lb. per square foot, and in the large majority of 
cases is much below this fi 4 

I am, Sir, your obedient servant, 


Newcastle-upon-Tyne, February 21, 1879. 





To THE EDITOR OF ENGINEERING. 

Srr,—I trust that the discussion which is now being 
carried on under this heading will not be limited to me- 
chanical ventilators, but that our good old servant the 
furnace will come in for some share of public attention. 

In these days of deep sinkings there must be many 
places where a furnace would prove so incomparably 
superior to any of the mechanical contrivances yet intro- 
duced that there seems no reason, except the helpless 
follow-my-leader fashion into which we have fallen, why 
these should so often be resorted to. : os 

I shall probably be reminded that all the “‘ chief mining 
engineers of the districts’ are of opinion that a furnace is 
not the sort of thing best suited to fiery mines, but I know 
that with proper arrangements a furnace is as safe as any- 
thing else. The danger of causing an losion has been 
much exaggerated, but in spite of this it is every day be- 
coming more and more clear to many of us that there is 
less chance of an explosion when dealing with the gas 
below, than with that which most ‘“‘ chief mining 
neers” are full of. I hope the ventilator just started 
your journal will get rid of some of it. 

As one who has always taken a great interest in this all- 
important question of ventilation, I mayask your permission, 
later on, to reply to some of the letters you have published. 
I will only say now that ‘‘M.’s’’ idea is a novel one, and 
that there is more in it than would at first sight appear. 
I fear, however, the various fans would behave so differently 
under these same conditions of complete boarding up of the 
drift that new difficulties would arise. 

**One of the Eight’? can hardly be serious, I should 
imagine. Why stop at two fans? What fun he could have 
with all eight of them in a row! For what purpose he in- 
troduced the Royal Commission (which was not appointed to 
a Fn is not very clear. 

en writing about the excellence of any particular 
system, it is very difficult to frame a recommendation which 
shall not take the shape of an advertisement, and I think 
that some of your correspondents would do well to guard 
against this. 

I have nothing to sell ; so if I have been too warm kindly 
put it down to a strong 


February 25, 1879. 


in 
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To THz EpiTor oF ENGINEERING. 

Sir,—I beg to thank you for allowing my letter of the 
4th inst. to appear in your columns. I am loth to trespass 
again, but, as some of your correspondents seem to be goin; 
rather wide of the mark, I hope you will permit me to add 
a few lines, my object being to prevent unnecessary waste 
of your valuable space hereafter. 

ne writer says that in his opinion such a fan is the best; 
and another requests that I should “apply to the parties 
most likely to be able to form an opinion,” &c. Now the 
opinion’ formed by **the chief mining engineers of the 
districts” about mine ventilators is really worth very little, 
and many of these good people have been honest enough to 
say so when I have spoken to them on the subject ; the 
best of them assuring me that they would gladly hai! the 
introduction of any method of comparison which would 
enable them to give a plain statement of facts instead of a 
mere expression of “opinion.” This is what we must try 


to arrive at. 
Yours obediently 
London, February 24, 1879. Onz oF THREE. 
To THe Eprtor or ENGINEERING. 

“ Sir,—I noticed in your last week’s impression a sugges- 
ion from ‘‘ M,, viz., to the behaviour of a fan with 
reduced areas of intake, and I quite agree with him that 
there is something in it, for by so doing, and then noting 
pnd wy of gevelations and the height of the water 
us obtained, wo ive a correct measure of the 

amount of leakage of the fan o0 tried. 


If such an experiment were tried with a fan of the cen- 





trifugal class, ‘say, a Guibal for instance,”” I believe 
that if the intake were completely closed the fan would still 
continue to go round on account of the slip of the air past 
the blades, while it is evident from the construction of the 
Cooke ventilator, being placed under the same conditions, 
that it would either stop, or some part of its mechanism 
would give way ; therefore, from this fact the Cooke venti- 
lator may be assumed practically to have no slip, hence the 


high water gauges obtained by the latter over the former 
are thus accounted for. 
Yours truly, 
JoHN CHATTO. 


February 26, 1879. 


NOTES FROM THE NORTH. 
‘ GiLascow, Wednesday. 
Glasgow Pig-Iron Market.—The warrant market was 

again a last Thursday, and a farther improvement 
in prices to the extent of 3d. yng ton took place. Business 
was done in the morning at 43s. 2d. to . 1d. cash, and 
at 43s. 3d. to 43s. 24d. one month, the market closing with 
sellers at the lower " buyers near. In the after- 
noon from 43s. 14d. to 43s. 4d. cash, and from 43s. 2d. to 
—_ pe oe — R; id. + Peeper = ire 

uyers at the er quotations, and sellers asking 43s. 44d. 
cash and 43s, 64. one month. Firmness was also the rule 
on Friday, and although opening 1d. Ee ton better, the 
close was the same as on the preceding day, and an advance 
of 7d. over the week. There were transactions during the 
forenoon at 43s. 5d. cash and 43d. 6d. one month; and in 
the afternoon at 43s. 5d. to 48s, 4d. cash and 43s. 6d. to 
43s. 5d. one month. Sellers at the close asked the higher 
So and buyers remained at 43s. 4d. cash, and 

. 5d. one month. The warrant market was very buoyant 

on Monday, and a further improvement in prices was re- 
corded, closing at the best point 2id. ton over last 
week’s closing quotation. . Iron changed hands during the 
forenoon at 43s. 6d. to 43s. 5d. cash, and at 43s. 7d. to 
43s. 6d. one month, the market closing with sellers at the 
latter prices, and buyers offering 4d. per ton less. In the 
afternoon from 43s. 5d. to 48s. 6d. cash, and 43s. 6d. to 
43s. 74d. one month were quoted, and the market closed 
with buyers at 43s. 6d., and sellers at 43s. 7d. cash, and at 
13d. more for the ;month’s price. Buoyancy was again the 
rule yesterday in the warrant market, and at one time 

ices were 5d. per ton over those of Monday; the close, 

owever, was not so firm, and only 34d. of an advance was 
shown. The prices paid during the forenoon were from 
43s, €id. to 43s. 94d. cash, and the market with 
sellers at the higher quotations,’ and \— at 43s. 8id. 
In the afternoon the quotations ranged from 48s. 10}d. to 
43s. 11}d. cash, and from 48s. 10}d. to 44s. one 
month; and at the close sellers were asking 43s. 10d. 
cash and 1ld. one month, buyers offering 1d. 
per ton less. The market was very strong this fore- 
noon, when business was done at 44s. cash, at 44s. three 
weeks, and at 44s. 14d. one month fixed, closing buyers 
44s. cash, and 44s. 44d. one month fixed, sellers gone. 
per ton more. The afternoon market was steady 
44s. 14d. cash, and 43s. 10}d. one month, buyers very near. 
The low prices which have lately prevailed seem to have 
attracted attention to pig iron as a safe investment and a 
= speculation, the consequence being that warrants 

ave been rapidly bought up for those purposes. Still, 
there are no signs of any improvement in the iron trade. 
The demand remains exceedingly quiet both for shipment 
and for home consumption ; but a large amount of business 
has been done by the G.M.B. makers for iron to go into 
Messrs. Connal and Co.’s stores, and the prices of those 
brands have advanced somewhat in sympathy with the 
prices of warrants. It can scarcely be said that there is 
any real or bond fide improvement in the consumptive 
demand. A very large quantity of iron has been sent into 
the public warrant stores, and the total stock with Messrs. 
Connal and Co. up till last Friday night amounted to 
213,708 tons, the increase over the week being 3360 tons. 
There is no further change to report as to the number of 
blast furnaces in operation, the total being still 88 as 
against 87 at the same time last year. The shipments of 
pig iron from all Scotch ports last week were 8996 tons, as 
compared with 5124 tons in the ey gry week of {ast 
year, the increase for the year up ti 
9342 tons. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday on ’Change at 
Middlesbrough there was a decided improvement, and 
prices were about -a- shilling sper ton better than 
they were last week,’ the quotations being based on 
No. 3 Cleveland pig selling at 34s. per ton net cash. 
Messrs. Connal and Co., the warrant store keepers of 
Middlesbrough and Glasgow, report as follows : ‘‘ Our stock 
of Cleveland pig iron stands at 79,000 tons. Weare re- 
ceiving 300 tons daily. There has been considerable 
inquiry during the last few - for our f.o.b. warrants, 
and they are now quoted at 34s. 9d. buyers, sellers 35s. 
net cash for ‘No. 3... Our Glasgow stock is 214,810 tons in- 
creasing at the rate of 600 tons or 700 tons daily.” It will 
— that a stocks of Cley 
anuary were very heavy. 
believe that the official m- 
’ Association for February will show that the stocks 

have much reduced, almost to m/l. Should this anticipa- 
tion be verified, there will of course be no necessity 
to think further of blowing out blast furnaces at 
present. It will show that the advices to which we 
alluded last week were really genuine. It is sincerely 
hoped that the worst of the d ion has 














passed, and that there will now be a gradual improvement 
trade. The facts connected with other branches 





of the 


in : 
staple industry certainly argue better for the future. 


last Saturday being | been 





Engineering and Shipbuilding.—On the Tyne the strike 
of shipbuilders continues. -The and Tees shipyards 
are actively 5 ing the past few days there 
have been several steamers launched on the Tees, and at 
the various establishments there are vessels on the stocks 


in different stages of construction. Te 
builders are busy. At Stockton Messrs. Blair and Co., 
whose reputation for marine work seems to wider, 
a Bridge builders are fairly well em- 
ployed. 


The Coal and Coke Trades.—The cold weather has 
revived the demand for household fuel. There is little 


request for man coals, and prices are the same 
os Soy Guten: ase ago. Steam coal is in poor 





NOTES FROM THE SOUTH-WEST. 

The R Valley.—Matters are improving quietly in 
this valley. Atthe new Tredegar Big Pit, the men are 
—— very regularly, and at the house coal collieries in 
the ey trade is brisk. In the Pengaur district there is 
a hopeful —e great ~ yy at the collieries, as 
pany 05 wack tha aval toioe thi chaiiay ta and ahnaann 
pany to work the under the c 
od it, through — — Rhos ge _—, Price Foe * 

ve e Pentrepoeth Colliery 
week, and Messrs. Steward and Jones ue to oe 
things ready to start their new pit early in the coming 
week. Messrs. E. and W. Beddoe are pushing on 
operations to their new ‘“‘ drift’’ ready for work, as 
they have reached the coal. 

The Severn Tunnel.—The directors of the Great Western 
Railway Company report that the shafts for the Severn 
Tunnel have been completed, and the headings from them 
are in progress. The engineer reports that more than a 
mile and a half of the heading under the river has been 
driven, leaving about three-quarters of a mile still to be 
cone lished, and that 

ese 


quantity of water in all the new workings has 
moderate. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Swinton and Knottingley Railway.—This new line 
railway, which for some time past has been in course of 
re) mn, so far that the wooden huts, 
chapel, and other buildings erected for the accommodation 
of the navvies engaged in constructing the line at 
Moor, have been disposed of by auction. The line is 
completed, and it is expected will be opened for traffic in 
the course of a few months. 

New Railway.—The section which runs southward of 
the Middlesbrough, Redcar, and Whitby Railway, 
been commenced. This is the; remaining portion of 
scheme. The line will complete an important link in the 
chain of coast communication and give di access for 
the Cleveland district to Whitby and Saltburn. 


Lonpon AssocrIaATION oF FoREMEN ENGINEERS AND 
DRAUGHTSMEN.—Mr. Richard Christopher Rapier, C.E., 
has consented to E ny» at the twenty-sixth anniversary 
festival of the London Association of F'oremen Engineers, 
to be held at the Cannon-street Hotel, on Saturday, March 
15, in lieu of Lord Dufferin, who would have done so had 
he been then in England. 


METROPOLITAN WATER SuPPLY.— 
sand at Caterham has just been at the de 
851 ft. from the surface, and an abundant supply 
water is now flowing therefrom, and will shortly be 
in the district supp by the Caterham Spring Water 
cement The boring ions were commenced 
= of July last, be pa a 
e lower greensand was yesterday 
of 15in., solid cores of the strata passed 
btained. Other borings are 


ad 











dep 
Caterham has been carried 
Boring Com » who ly 

—— at Meux’s Brewery, Tottenham Court-road, in 





Woopv-Worxine Macuinzry.—We notice that an im- 
Semeesiions sed nik eae, he pekiaeeliy A Aman 
P ion, an 8 pu . en- 

ud, Ainé, of 45, Rue du Saint Sebastien, Paris. The 

circle of readers who are acquainted with Armen- 
ad’s admirable Publication Industrielle des Machines 
tils et Appareils will remember that sca’ 
through its twenty-four volumes, are a large number of 
excellent examples of steam saw-mills and wood-working 
machi . These plates and the letter-press accom 
form the basis of M. 


of an exhaustive treatise on the tt. Considerab! \ 

will also be devoted to all varieties of timber, their properties 
and uses, strength, methods of preservation, &c. work, 
which professes Lely dogpteen mn mans any other on the 
same t appeared jpossess an un- 
doubted value both here and on the Continent. It will be 
in quarto, with numerons illustrations and forty plates. 
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STEEL RAILS. 
the Chemical Composition and Physical Properties of 
" Steel Rails.* 
By ©. B. Dupuszy, Ph. D., Chemist, Pennsylvania Rail- 


0 Ieled foom page 167.) 
ota ensed statement of the results 


To a study of this statement, attention is now directed. 
But first a brief discussion as to the influence of the 





which have been broken or crushed in service, as well a 
those which bave endured long 


would seem that we ought to find what amount of these 
hardeners or brittle- is so great that the rails have 
a tendency to break or crush in service ; and this point 


they can : words, if the 
limit of hardeners or brittle-makers is known, it is obviously 
Serre eee aay ee one 
as ible.* 

word now as to method of studying the hardeners. 
If we take any single hardener and follow it through the 
cosien, sqquning © Glencetn Be menenes Se 
will usually fin Gb Gas ae Se ee 
will be, that if any one of these r 
the rail broke in actual service. We will also learn that in 
the twelve rails which did not break or crush in service, 


TABLE III.—Suowtne Tonnagez, Location, Resutts oF CHEMICAL ANALYSIS, AND PHysiIcaL TEsTs oF 
Twenty-Five SAMPLES OF Strezt Rai. 
























































s| | ¢ aE lescle «|S S138 
| : oe t ‘ 32 . 

3 LE Location. § 3 2 d He ifs HEA a3 EB 

q eae g g | & jes eRers HE 

ay signi a| & re Ea) Pa 

415 | 48 |2deg. curveandtangent| 336 | .079 | .458 | .061 | 313/ 75 | 92 | 95 | 37 |) 58 
416 | 47 7 Tangent. see" | ‘oss | ‘114 | ‘334 | <o80 | 29.0| 68 | 98 | 22 | 30 4 
390 | 47 2 deg. curve .291 .057 354 .068 25.9 71 $3 21 32 E 
262 | 45 ioe 337 | .056 | .374 | .056 | 27.1 No tests made 

413 | 37 at - 233 | .041 | 208 | 074 | 19.7| 66) 298 | 38 | 39 || Be 
414| 35 ‘angent 309 | .058 | .926 | .030 | 241] 69 | 28 | 28 | 36 | Lue 
417 | 34 44 deg. curve B45 | 075 | 496 | .o41 | 29.6) 73 | 30 | 21 | 32 | /8 i 
392 | 33 pit ot 231 | .087 | 364 | .047 | 260] 69 | 30 | 299 | 37 || 52% 
398 | 27 feed 225 | 111 | .318 | 016 | 258] 66 | 27 | 23 | 29 |!% 
394 | 25 So we 286 | 083 | 418 | 023 | 273 | 75 | 46 | 29 | 42 5 
995 | 25 on™ 353 | 103 | 576 | .059 | 365] 79 | 33 | 24 | 37 [Is 
398 | 17 Tangent 219 | 065 | .272 | 028 | 206] 67 | 28 | 55 | 50 [Ja 
388 | 37 Tangent 308 | 166 | 316 | 032 | 346] 76 | 32 | 19 | a1 1) 

989 | 34 Curve 343 | 127 | 670 | 0386 | 393] 75 | 30 | 20 | 31 

391 | 31 44 deg. curve 294 181 354 020 | 36.0) 78 | 34 | 19 | 32 ||-8 
997 | 22 Tangent 365 | 130 | 458 | .020 | 353] 61 | 26 9/7 IIy% 
277 | 17 ~~ 573 | 075 | 858 | .182 | 529]101 | 48 | 14 | 37 |/e. 
396 | 14 Unknown 350 | .134 | .626 | .058 | 405]. 80 | 36 | 15 | 29 B $ 
83 | 10 9 deg. curve 323 | 135 | 522 | 085 | 364] so! 33 |115 |. 29 | $8 
ogo | 5 Tangent 354 | :192 | ‘552 | .050 | 38.5 | No tests made 8 
371; 3 16 deg. curve 886 | .127 | .380 | 053 | 358 | 80 | 47 | 10 | 25 | z 
372| 3 1 . 416 | .155 | 460 | .084 | 403] 81 | 30 | 14 | 29 11% 
373 | 38 300 | .138 Al2 024 | 332 |) 6 | 26 | 14 | 23 | a 
347 | 0 Unknown 387 | .056 | .670 | .085 | 33.6 | 72 | 30 6 | 17 

92| 0 ve 359 | 156 | .505 | 035 | 394 |] 78 | 30 | 17 | 30 J 
various substances affecting the quality of steel, viz.,) the average of the carbon is 0.287 per cent., while in those 
carbon, , silicon, and manganese, upon the | which did break or crush in service it is 0.366 per cent. ; 
metal haps be in order. And here, at the start, [| while in the eleven rails which withstood the highest 
should Tike to { confess that our knowledge of the | tonnage, the average carbon is 0.30 per cent. Also, that 


influence of these su upon each other, and upon 
steel, is far from being as os as we could wish. How 
thoroughly this lack of knowledge is recognised, may be 
inferred from the fact that one of the important duties 
with which the United — Test a, op ape 
some two years ago, was charged, was this very point o 

the infisence of the various impurities which exist im iron 
and steel upon the metal and upon each other in the metal. 
In view of this lack of knowledge, we can only, as it seems 
to me, apply what is already known, and, at the same time, 
study the results which we ourselves have obtained, with a 
view of deriving from them, as far as possible, the informa- 
tion they are calculated to teach. t, then, is the in- 
fluence, so far as we know, of phosphorus, silicon, carbon, 
and man , upon steel for rails? Phosphorus, even in 
v all qnantliien, hardens steel and makes it brittle, 
and, at the same time, seems to render it especially liable to 
fracture from poe or blows. Silicon ns steel 
and renders it brittle, but in less degree than phosphorus. 
Carbon hardens steel and makes it brittle, and, at the same 
time, up to certain limits, adds to its strength, but seems 
to diminish its ductility or percentage of elongation, almost 
directly in proportion to the increase in carbon and strength. 
M hardens steel and renders it brittle, and adds to 
its muath, much like carbon, but in less degree, while, 
at the same time, it does not seem as rapidly as carbon to 
diminish the ductility, or percentage of elongation, pro- 
portional to the increase of ese and strength. 

Now it will be noticed that it is said of each of these four 
substances, phosphorus, silicon, carbon, and manganese, 
that they harden steel and render it brittle. Phosphorus 
and silicon seem to harden steel without adding any other 
desirable qualities, except, perhaps, wear; while carbon 
and manganese seem likewise to have important influences 
upon the strength and ductility of the metal. 

Leaving this point now for a moment, let us examine 
what qualities a steel rail needs to . A steel rail, 
as it seems to me, like every other ‘piexe of metal which is 
subject on the one hand to strain, and on the other to 
abrasion or wear, has two thi to avoid. On the one 
hand, it must not be so hard brittle as to break under 
the strain or blows to which it is to be subjected ; while on 
the other, it must not be so soft as to yield too ao the 
abrasive action which it is to be called upon to withstand. 
If, now, this ~~ be correct, if the influence 
which we have ascri to the carbon, phosphorus, man- 

anese, &c., be such as t' , it —— 


that we ought to ind, by 0 sty of the results 
chesslanl annvese~ehess ¢ series analysed embraces rails 
°A read before the October (1878) meeting of the 
Mining Engineers. 
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in the twelve rails which did not break or crush in service, 
the average of the phosphorus is 0.077 per cent. ; while 
in those rails which did break or crush in service, the 
average of the phosphorus is 0.132 per cent. And just here 
I may be permitted to call attention to what seems to me 
a very significant fact, viz., that in every case in which 
the phosphorus is above 0.12 per cent. the rail either broke 
or crushed in service. We will also learn by inspecting 
the analyses as to single elements, that the average man- 
ganese in the rails which did not crush or break is 0.369 
_ cent. ; while the average in those which did crush or 

reak is 0.521 per cent., and that the average silicon in the 
unbroken rails is 0.044 per cent., while in the broken or 
crushed rails it is 0.047 per cent. 

But it seems to me that the true way to study the in- 
fluence of the carbon, phosphorus, &c., u steel is not 
to regard each one separately, but since all are known to 
render steel hard and brittle, to consider them all as 
hardeners or brittle-makers, and study them in connexion 
= each other. There are two ways in which this may be 

one. 


(1.) We may simply add together the percentages of high 


carbon, Cy ee — -_ mangenee, as oe — 
given in the analyses, the sum obtained being regarded, 
course, as a com tive measure of the hardness of the 
steel. Doing this, we find that the average sum of these 
constituents in those rails which did not break or crush 
in service, amounts to 0.778 per cent. ; while in those rails 
which did crush or break it is 1.030 per cent. It would, 
therefore, almost seem fair to conclude that we cannot 
with safety have the total sum of the carbon, phosphorus, 
silicon, and manganese in our rails as high as one per cent. 
(2.) There is another way of looking at these results of 
analysis — —, to A to — ye results a 
are obtain y simply ing together the percentages o 
the hardeners. Itisa -— & which has been somewhat 
i among m urgists, how much carbon, for 
example, would have the same influence in rendering a 
steel and brittle as 0.01 per cent. of p . Or 
again, how much silicon or manganese would have the 
same influence in this respect as 0.01 jper cent. of phos- 
phorus. Iam not aware that any definite relations have 
ever been discovered between these substances in this 
* In connexion with this paragraph, upon the relation 
between the hardness and wearing quality of steel, I would 
like to call attention to a more fall discussion of this ues- 
tion in a paper in these ings under the title, “‘ 
the Weartag Power of Btoal Raiisinerense with the Hardness 
of the Steel?” As will be Se te 
— does not seem to be fully sustained by the in 
e case. 








respect. But it is, of course, evident if we wish to express 
numerically the hardness of steel as derived from its 
chemical composition, we must estimate the influence of 
each of the hardeners in the same unit. Now I have 


assumed 0.01 per cent. of horus as the unit of 
measurement, have this 0.01 per cent. a phos- 
phorus unit. I have likewise assumed that 0.02 per cent. 


of silicon, 0.03 per cent. of carbon, and 0.05 per cent. of 
have each the same influence in rendering a steel 

hard and brittle as 0.01 per cent. of phosphorus. In any 
analysis of steel, therefore, the phosphorus units are found 
by adding together the phosphorus, one-half the silicon, 
one-third the carbon, and one-fifth the manganese, ex- 
in hundredths per cent. Applying these data to 

the chemical — of the series we find that the 
average sum of the hardeners—expressed in phosphorus 
units—in the rails which did not break or ouk in service 
is 27, while the average sum of those which did break or 
crush is 38. ining now Table III. a little in detail 
and we find that with one exception, No. 395, the total 
sum of the phosphorus units in the rails in no case 
exceeds 31, while most of them are 29 or below ; while, 
when we examine those rails which either crushed or broke 
in service, in no case is the total sum of the phosphorus 
units less than 33. It would almost seem fair to conclude, 
therefore, that, measured in phosphorus units, in the 
manner ibed, we cannot have rails whose total sum 
of hardeners in phosphorus units is over 31 or 32. Now, 
as has already been stated, I think no one will affirm that 
for successful wear the hardeners should be lower than is 
consistent with safety. But in the rails which have not 
broken or crushed in service we find only one, No. 395, 
whose sum of is over 31. Therefore, measured 
in phosphorus units, it seems clear that the sum of the 
hardeners in rails for use on Pennsylvania Railroad should 


not vary far from 30. The “total eners’’ and “ phos- 
phorus units’’ given in the pages of this report, which con- 
tain the diagrams of the analysed, are obtained in the 
manner described above. 


And now, how shall the hardeners be distributed? It 
has already been mentioned that in every case where the 
phosphorus is above 0.12 per cent., the rail either crushed 
or broke in service. Examining the phosphorus in rails 
which did not crush or break in service, we find that in 
no case is it above 0.114 per cent., while in almost every 
case it is below 0.09 pe cent. Remembering now that 
phosphorus makes steel brittle and especially liable to frac- 
ture from blows, and it would, perbaps, seem fair to place 
the limit of phosphorus at 0.10 per cent. As to silicon, the 
less in the rail the better. Nevertheless, as by the Bessemer 
process it is impossible to make rails entirely free from 
silicon, a small limit must be allowed for silicon. As the 
ay is ww? worked, perhaps 0.04 per cent. will not 

too high a limit. 


The ability of rail-manufacturers to control the amount 
of carbon and yo ym in the steel, requires a little 
broader limit for these two elements. If, now, we place 
the carbon at from 0.25 per cent. to 0.35 per cent., and the 
man at from 0.30 per cent. to 0.40 per cent., and 
are able to obtain rails on this formula, which are not 
injured or spoiled during the manufacture, I think we will 
get rails which will be entirely safe, and, at the same time, 
give satisfactory wear. The sum of the hardeners, measured 
in phosphorus units, for the limits of the formula, amounts 
to 26 for the lower limite of carbon and manganese, and to 
32 for the higher. In view of the tendency to higher 
carbon which seemed to prevail for a few years past in 
rail manufacture, it may appear that the carbon limits 

iven above are low. But that this is correct will, I think, 
evident from the considerations which follow. Of course 
if we could make a formula _ as we would like, it would, 
perhaps, be entirely scientific to take the average of the 
carbon, phosphorus, manganese, &c., in the best rails as 
the stan for this formula. Doing this for the rails 
which did not crush or break in service and we have, 
carbon, 0.287 per cent.; phosphorus, 0.077 per cent. ; 
manganese, 0.369 per cent. ; silicon, 0.044 per cent. ; an 
the same for the 11 rails which withstood the highest 
tonnage, and we have, carbon, 0.30 per cent. ; phosphorus, 
0.091 per cent. ; manganese, 0.38 per cent. ; silicon, 0.045 
per cent. But in view of the difficulty of obtaining low 
hosphorus in this country, we have put it has high per- 
as it should be, viz., 0.10 per cent. If, now, we make 
igh carbon, we must diminish the ese, or our total 
hardeners will be too high. That carbon should not be in- 
creased at the expense of manganese will, I think, be evi- 
dent from an examination of the formula given just above, 
derived from the ave ccmposition of the best rails, as 
well as the separate yses in Table III. 

Both the formulas given above show the carbon to be 
lower than the manganese, and both are within the limits 
which we have given for carbon and manganese, viz., 0.25 
per cent. to 0.35 per cent. for carbon and 0.30 per cent. to 
0.40 per cent. for manganese. Again, in the separate 
analyses of the rails which did not crush or break in service, 
in only one case, No. 413, is the carbon higher than the 
manganese. Moreover, if the influence which we have 
ascribed to ese, viz., that it increases strength and 
hardness of steel without diminishing mas much 
as carbon would do, be correct, the rails which we get on a 
formula in which manganese is higher than carbon, will be 
less liable to break or crush in service, and at the same time 
will, perhaps, give as satisfactory wear as if the carbon had 
been increased and the manganese diminished. 


II. Puystcat Tests AND INSPECTION. 
The question now arises what physical tests and inspec- 
tion shall the lvania Railroad Company prescribe to 
the rail manufacturers to enable it to secure rails uniform 
in quality ? 
i dhe ing ion which is at present employed seems to be 
amply cient to enable us to discard rails whose defects 
are evident to the eye. The question as to physical tests 
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NOTES FROM RUSSIA. 

A New Furnace.—Mr. , ® Russian engineer, is 
at the present time engaged in some experiments concern- 
ing the utilisation of the waste gases of metallurgical 
furnaces. His reheating furnace is grounded on the 
principle of regeneration of the products of combustion of 
~ fuel, ar ing a 0 . quantity < aoe alt 

is is execu y i © gases ti a cylinder 
filled with coke or dase, and heated in the same time 
by a certain quantity of the gases, externally. By this 
operation the carbonic acid is transformed into carbonic 
oxide, which is next introduced into the furnace through 
the . The inventor claims that in his furnace the 
available action of the fuel is about 75 per cent. The 
drawings are kept secret until a patent is granted. The 
invention is supposed to be important. 


Russian Trade ts.—The reports of the Russian 
Board of Trade show the feilo ing state of affairsin Russia 
in the year 1877. The value of the goods are in paper 
roubles : 

Years. Exported. Imported. 
1875 381,951,803 531,056,406 
1876 400,700,449 477,581,561 
1877 527,935,826 321,036,987 

The trade in gold and silver coins and bullion was as 
following : 

Years. Exported. Imported. 
1875 28,034,617 6,441,376 
1876 103,254,167 5,425,394 
1877 19,250,650 10,949,942 


There was a depression of trade in 1877; in comparison 
with the year 1876 there was a loss of 110.11 millions of 
roubles, in other words, nearly 11 per cent. 


The Russian Navy.—The Government seems to be very 
busy as the construction of new ships. In Peters- 
burg, at new Admiralty, three gunboats are in the 
course of erection. These vessels will be of the of the 
boat Torsh, viz., 97 ft. long and 28 ft. 6 ia. in ith ; the 
draught will be 6 ft. 8 in. armament consists of one 
11 in. steel gun placed on elevated platforms and two 4 

anders, also guns of steel mounted on ordinary carriages. 

he boats will have double screws and the engines are 
to have a power of 240 indicated horse. New 
ers for a set of three meats peyee tyre ave cayested 
in December. The second torpedo boat, Sultanka, con- 
structed by the firm Bellino-Feindrich, was lately launched 
at Odessa ; the trial showed it to have a speed of 15 knots, 
hee a regulations require not less than 14 
ots. 





The Nevsky Locomotive Works, near Petersburg.—These 
works, formerly belonging to Semiannikoff and Poletica, are 
working presently very well. This summer they launched 
a handsome war ship—Razboynik—and now they are build- 
ing a similar vessel partly mide of steel. About 200 tons 
of steel plates and angle steel for this ship were ordered from 
the Obouchoff Steel Works. The ingots which were 
supplied by these works were rolled at the Nevsky Works. 
Very excellent plates were obtained, which bore the 
Governments tests, which require not more than 30 tons 
per square inch as breaking weight and 25 per cent. of 
elongation. The keel plates (}in. and y, in.) stood well 
the ee of bending and shaping them. The steel was 
supplied for 124 roubles per ton ; it was manufactured by 
the mer process, which is conducted at the Obouchoff 
Steel Works in a very able manner. 


The New Russia Iron Works.—These works, under the 
management of Mr. John Hughes, have erected a Siemens- 
Martin furnace, and it is expected that shortly they will 
commence the rolling of steel rails. They received this 
year a Government order for 30,000 tons of steel rails. 


The Donetz Railway.—This line is now opened ; it em- 
braces the best coalfields of the south of Russia. The 
railway will have a favourable influence on the coal trade. 
But as this line at one end comes into connexion with the 
Azow line and at another with Voroneje line, it will depend 
entirely upon these lines, so that the prolongation of the 
Constantinovsky line to Marionpole is desired. This will 
allow the Donetz line to supply the coal to all the ports of 
the Black Sea, where at present all the fuel consumed by 
steamers and works is foreign coal. Only a small quantity 


of Russian coal is here used. Many alterations are wanted 
on the Russian lines, the regulations concerning the con- 
veyance and delivery of pcs 9 are very bad. us, aS a 


curiosity, we may mention that a load of 10 tons of com- 
feet, dry coke was sent in a covered wagon to Petersburg. 
he distance was some 800 miles. The receiver was 
rather astonished to receive a little more than6 tons. The 
4 tous were counted by the railway agents as loss in 
drying. ; 
Steel Rails.—The quantity of steel rails la ordered 
from the New Russia Iron Works amounts, with the ad- 
ditional order, to 43,225 tons; the relation between the 
carbon and phosphorus in the steel is fixed by the Govern- 
ment regulations as follows : 
Phosphorus 0.05—0.06 0.06—0.08 0.08—0.09 0.09—0.10 
Carbon 0.40—0.36 0.36—0.32 0.32—0.29 0.29—0.25 
These rails are ordered by the Government Department of 
Railways at the price of 2 roubles 30 copecks per pood. 


Compressed Steel.—Mr. Greenwood ‘has completed, at 
the Obouchoff Steel Works (St. Petersburg), the erection 
of the hydraulic steel-compressing machine. The trials 
were successful, and nearly twice a week hollow — 
are compressed for the manufacture of cannon rings. e 
metal used is crucible steel, and after the compressing no 
blowholes are remarked in the ingot ; the weight of the 
ingots is 3 tons. 

The Electric Light.—In the boiler-shop of the Nevsky 
Locomotive Works, in Petersburg, the electric light was 
tried some days ago during several evenings. In one case 
two Gramme machines were used for two lights. Some 
experiments were also executed with three lights, when an 
extra machine was working. The light was very pleasant ; 
the shop was well illuminated. tors, on Serrin’s 
system, were used; and per hour every light is stated to 
cost about 6d. The machines and re tors for the 
lighting of this shop cost ubout 3001. The shop uses 
at the present time twenty-four big mineral oil lamps, the 
maintenance of which is certainly dearer than the electric 
light ; as at the present time, a in future if the electric 
light is to be in constant use, the use of candles or small 
oil-lamps cannot be avoided, as the work in the interior of 
the boilers, during the fitting of them, requires this sort of 
lighting. - 

The Proposed Poti and Batoum Railway.—The idea of 
constructing a railway from Poti to Batoum is abandoned. 
The railway was proposed to be erected along the shore of the 
Black Sea, but as in such case it may be i of ag" 
by an enemy’s fleet, the Government instead of the con- 
struction of this line, will improve the harbour of Poti. 
The Government assigned two millions of roubles for this 
purpose. 

Cotton Mills in Poland.—Many cotton mills in Poland 
use at the present time more and more of Tashkent cotton. 
It is said that this cotton is cheaper than the American ; 
but the cotton from Central Asia one defect, the fibres 
are rather short, so that about one-fifth is lost during the 
spinning. Notwithstanding this, the Asiatic cotton is 
widely used, owing to its cheapness. 

The Obouchoff Steel Works.—At the Obouchoff Steel 
Works, the erection of the two 10-ton Siemens-Martin steel 
furnaces is nearly completed. It is proposed to cast big 
steel guns from these furnaces. 

Russian Railway Tyres.—The price of the Russian 
railway tyres is astonishing, for instance, the Pouteeloff 
Works and most other works charge 210 roubles per ton 





for Bessemer roughly finished tyres. 
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GRINDING PROCESSES. 

GRINDING as a mechanical process may in a 
historical sense be called the first and last —_ 
Cutting metal with edge tools is comparatively a 
ew oe invention, while shaping and polishing by 
grinding on stones is as old as history; yet within 
twenty years past grinding has began anew, and 
assumed a‘ very important place among the various 
means employed for shaping and finishing metal 

roducts, especially in the more exact kinds of work. 
it is no small evidence of the progress made, and 
the increase of industry during this time, that the 
new grinding processes have not, except in a few 
cases, supplanted cutting with edges, but have been 
demanded by new kinds of material, or by new modes 
of using material already known. Tempering and 
case-hardening, for example, are extensively applied 
where previous to emery grinding only soft iron and 
steel were employed. :; 

The process of grinding may be divided into 
cylindrical, flat, and face work, the conditions being 
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very nearly the same whether wet or dry stones, 
emery or corundum wheels are used. At first thought 
these different methods will seem quite the same in 
so far as results are concerned, but in practice they 
are widely different ; so different indeed, that from 
cylindrical grinding, which is generally an easy and 
free cutting process, the effect almost wholly ceases 
in face grinding. By cylindrical grinding is meant 
dealing with round pieces such as shafts, rollers, 
cylinders, gauging pins, and so on ; by flat —— 
the preparation of plane surfaces; and by face 
grinding, placing the material on the face or flat 
side of stones or wheels. 
Throughout all grinding operations there will be 
found one constant factor governing the speed of 
isplacement, the hardness and durability of wheels 
and stones, and, in short, the useful effect produced, 
that factor being the amount of area in contact ; in 
other words, the success of grinding both as to speed, 
truth, and quality of the surfaces produced seems to 
be inversely as the area of surfaces in contact, 
Attention was called to this fact some time since 
by a skilled friend of ours who remarked that the 
limit of depth or width of surface which could be 
successfully ground on wet stones, was from # in. 
to }in., owing to the porosity or softness of the 
stones. This, which may at first seem a strange 
proposition, is nevertheless a true one, confirmed b 
all experiments in wet, dry, or other grinding whic 
— this time be referred > 
e particles or grains of quartz, emery, or co- 
rendent’ sand, of which abrading wheels are com- 
posed, project above the surface like the teeth of a 
file or rasp. These teeth or cutters are imbedded in 
and held by lutinous, silicious, or other cementing 
material which may be compared to the fastenings of 
a tool, or the setting of a diamond. These edges or 
projections scrape away the material ground off, and 
the main point in all grinding, not to include the 
truth of movements, is in getting rid of the displaced 
particles. In moving for a half inch there may be 
room in some cases for the dust or ground-off les 
to be carried in front of the teeth, without being so 
closely packed as to remain fastened on the surface, 
and cause “ glazing” or filling as it is called; but to 
exceed this limit ever so little may pack the stone or 
wheel. The more friable the material to be ground, 
the more free will be the of the dust, and the 


harder the particles are, and the more crystalline 
their structure, the less liable they will be to pack 
into the face of the wheels; hence hardened steel 
can be more easily ground on emery wheels than 
soft iron can. 











The limit of cutting depth or the width of con- 
tact can, therefore, be increased with the hardness of 
material, or as it becomes ine. Shavings or 
cuttings from soft iron or steel ground under favour- 
able conditions are in appearance like wood, and form 
a fibrous mass which in very free grinding, and when 
tolerably clear from sand, will hang together like 
flexible fibre.. A stone or wheel picked with these 
cuttings is ‘‘ glazed” and ceases to cut, heat is rapidly 
generated, and free cutting stops. Water which is 
generally used in grinding processes carries off the 
heat, and also facilitates the loosening and escape of 
the dust or cuttings; it hasalso a third object in wet 
stone grinding, because as a solvent of the cement 
which holds the particles of sand together, it permits 
their loosening and escape, so that the surface of the 
stone is continually being renewed, and a new set of 
edges presented. 

ere is perhaps no better way of forming a com- 
prehensive opinion of grinding processes generally, 
than to conceive of all stones, wheels, or other 
abrading implements as a mass of irregular cutting 
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edges cemented together with caoutchouc, shellac, 
glue, glass, or clay, and that the renewal of the 
cutting faces of such implements depends generally on 
using some liquid solvent of this cementing material. 
Taking common grindstones as an example, they 
are composed of sand held together by an admixture 
of clay, and instead of being pressed in moulds as 
emery wheels are, they have been compressed by 
nature on a vast scale, and throughout ages instead 
of hours, 

The composition of wheels made from emery or 
corundum must cease to be a trade mystery, and 
become a matter of common knowledge g ren 
abrasive grinding attains much perfection, and in 
any establishment where very large numbers of such 
wheels are employed, especially on various kinds 
of operations, they should be made on the premises 
from selected material, and adapted to the different 
requirements of the work. The numerous establish- 
ments now engaged ing grinding wheels is a 
sufficient evidence that the art is not one of much 
difficulty, and the suggestion in respect to large esta- 
blishments preparing their own wheels, comes from 
observing the matter in a case where that method is 
— even to crushing and sifting the stone or 


There is no doubt that this, like other industries, is 
one cee eS ee 
branch, but not always successfully or ly 80 
far as consumers are concerned so long as the trade 
is conducted upon the mysterious omy 
purchasers are expected to put their faith in a firm 
or brand instead of knowing what the wheels are 
made from and how cemen This, if a matter of 
common knowledge, or if it were made a matter of 
common investigation, would soon produce a great 
improvement in grinding processes. ; 
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The crushing preparation of emery for wheels igan 
important matter. The cu or corners 
of the particles may be almost broken off and 
destroyed without much vemerer Sess ce of 
the sand to common obser y this taken 
with varying of hardness may constitute the 
difference between good and yr useless emery, 
The same rule applies to all the different kinds of 


stone or corundum employed for making wheels ; 
however, the sharp angles are more easily pre- 
served in preparing North American corundum 
or “‘ adamantine spar” than in the case of what is 


called emery. The stone is more crystalline, and the 
fracture less of a granular nature, if that term can 
be applied. The use of strong magnifying glasses 
for observing all which pertains to grinding and the 
composition of wheels would soon lead to consider- 
able information of a very — kind, and the 
employment of such glasses is recommended in all 
cases even with wet stone grinding. 

Returning now to emer a same we a safe to 
draw ana y between the emery wh: gintioget 
our time, and the development of what is 
‘*machine” or ‘‘ gauge” grinding on wet stones 
commenced in America twenty or more years ago, 
and from such to infer how much is yet to 
setNfnohin - ~ yay F grinding’ is 

ine grinding, or ‘ gai inding” as it 

generally called in Action, Noreen the articles 
ground are reduced to gauged dimensions, ccm- 
menced with the tion of circular saw plates, 
the position of the stones and the saw being as indi- 
cated in Figs. 1 and 2; a being the saw, and ¢ the 
stone. This operation belongs to the class which has 
been termed flat grinding, that is, the stone meeting 
a plane, and the area of contact being only a line 
theoretically. 

The conditions were very favourable in this case, 
and no impediments beyond the invention of various 
mechani tails to revolve the saw, traverse the 
stone, and so on, were to be overcome. The ma- 
chines came rapidly into use, and the work _ 
formed was so much better than hand grinding 
for a long time, and even now in some cases, circular 
saws _ stamped as “ patent ground” or “ machine 
groun ” 

No such ——_ however, attended on further 
attempts to apply inding to long saws and 
other similar ee oe ‘ons the diffi- 
culties met with that in some cases machines were 
abandoned and hand ing resumed, The success 
or failure in these cases, while due to various causes, 
hereafter to be noticed, seemed to depend more 
upon the area in contact than anything else, and so 
‘* sensitive,” if we may use the term, was this con- 
dition that the difference between grinding on a 
plane and on a convex surface determined the glazing 
of stones, the hardness they might have, or even 
the success or failure of experiments. 

Figs. 3, 4, and 5 show methods of mounting and 
moving straight saws for gauge grinding, a repre- 
senting the saw, and ¢ the stones. Theoretically, 
the difference between the area of contact in the 
three cases would not be much, yet as before said, a 
stone which would work and cut free, as in Fig. 5, 
would not operate as in Fig. 4. Neither would the 
same stone answer for two machines respectively 
operating as in Figs. 3 and 4. 

Whether the difference was due to the area in 
contact alone, or to the admission and exclusion of 
water, it is difficult to determine. The writer in an 
experiment made in 1866 found that a strong jet or 
jets of water forced in between the stone and 
material, as indicated by the arrow Fig. 4, made a 
great difference in glazing, so much so that stones 
which had been rejected because of their hardness 
were afterwards used successfully, The ro g 
or ‘‘hacking” of stones, which is nearly always 
done in grinding even, seems to be more to 
secure a free admission of water than provide for 
the escape of débris, 

The revolving drum shown in Fig. 5 belongs toa 
system known in America as that of Messrs, Blake 
and D , and seems to have for its mera 
the securing of a narrow line of contact ca by 
two circles meeting. Flexible articles like saws 
were bent on the perpeery of a drum, as shown in 
the diagram, while inflexible pieces were mounted on 
ns connected by links like a chain, the whole 
revolving around a and guided by forms, while 
in contact with the stones. 

Mr.’ Dodge, who has given much attention to 

is now, we believe, in Manchester, 





and has no doubt during late years added many im- 
provements to his ingenious machinery, The present 
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remarks on Mr. Dodge's arrangements are made 
mainly from an examination of the machines con- 
structed in 1865. 

Some of the earliest and most extensive experi- 
ments in gauge grinding, were made in the cele- 
brated saw works of Messrs. Henry Visston and 
Son, at Philadelphia, U.S.A. A machine operating 
on the plan indicated in the diagram, Fig. 3, was 
cotistructed for hand-saw grinding, the purpose of 
the concave carriage being to allow the thin saw 
plates to be held by end pressure, and so that the 
** pall” of the stone would not lift or double up the 
saws. The machines were constructed a dozen or 
more years ago on the plans of Mr. Baker, now 
engineer of the Enterprise Works, Philadelphia, 
to whose opinion respecting the necessity of fixing 
the limit of contact for wet stone grinding at from 
# in. to } in. we have already alluded. 

Another method of gauge grinding on long saws 
in use at the works of Messrs. Disston and Sons is 
shown in the diagram, Fig. 6. The saw a is raised 
and lowered by a vertically reciprocating frame a, 
and passes up and down between two stones ¢ and ¢, 
which are driven in opposite directions as indicated 
by the arrows. There are not at hand any data in 
respect to this method of grinding, but the ma- 
chinery remained a long time in use at Messrs. 
Disston and Sons’ works, and has =" recently or 
within a few years been superseded by more im- 
proved meth 

Without going further into the history of gauge 
grinding, a matter not wholly relevant to the point 
under consideration, the result can be summed up 
by saying that notwithstanding the experiments 
mentioned, and perhaps twice as many beside, gauge 
grinding in so far as becoming a subject of popular 
mechanical knowledge, is very much where it rested 
twenty years ago. In large establishments, where 
there have been means at command and where the 
extent of the trade permitted experimental ma- 
chinery to be made, gauge grinding has become a 
successful fact, and has contributed no little share 
towards building up various vast establishments now 
in existence, but, as before remarked, popular know- 


ledge of the art has not kept oes There are at this | 


time but few engineering establishments where grind- 
ing machinery is made, and among well-qualified en- 
gineers it is a rare thing to find one who has made 
abrasive grinding a study, a matternot to be wondered 
at when it is remembered that until recently grinding 
had but a limited place among the processes of an 
engineering workshop, and was regarded as a coarse, 
dirty kind operation without exactness to be 
learned by habit instead of intelligence. 
(Tobe continued.) 


CANADIAN RAILWAYS.—No. XV. 
New Brunswick AND CANADA RalLway. 
THe great experiment between Liverpool and 
Manchester had not long proved itself a success, 
before thinking men on the other side of the Atlantic 
foresaw in the new system of railway locomotion, a 
remedy for the evils of that isolation, which 
rendered all of old Canada helpless and idle during 
the winter months. The first public suggestion of 
the political importance of railways for this purpose 
* to have been made in the United Service 
ournal in 1832, by Henry Fairbairn, who pointed 
out that Quebec, both strategically and com- 
mercially the most important point in Canada, 
might by means of a railway to St. Andrew’s, on the 
Bay of Fundy, not over 250 miles distant, have 
an open access to the Atlantic and England the 
year round. The idea once started was actively 
taken up by Mr. John Wilson, of Chamcook, near 
St. Andrew's, the leading landed proprietor affected, 
and who possessed considerable influence with both 
the civil and military authorities in the province. 
After some time lost in canvassing these, and ob- 
taining assurances of support, in October, 1835, the 
first public meeting was held for the ow oy of 
ventilating the scheme and organising the St. 
Andrew’s and Quebec Railway. At this meeting a 
deputation was nominated to wait upon Sir Archi- 
d Campbell, the Governor-Generel, through him 
to solicit the support and co-operation of the 
Government, and a party was organised to make a 
preliminary survey and to report at a subsequent 
meeting. The survey followed generally the route 
of the existing railway from St. Andrew's to Wood- 
stock, then on the west bank of the St. John River 
to Mar’s Hill, 120 miles north of St. Andrew’s, and 
turning westwardly through what is now the Are- 
stook County of the State of Maine, ended on the 
height of land at the source of the Etchemins river, 





to which point a survey had been made, at the in- 
stance of Lord Aylmer, Governor of Canada, by 
Captain Yule of the Royal Engineers, The report 
of this survey was made to the St. Andrew's Com- 
pany in January, 1836, and in the mean time 
Quebec and Montreal had both taken up the project 
warmly; an Act had been promised by the Legisla- 
ture of Lower Canada, and a recommendation had 
been officially given to the imperial authorities, be- 
speaking their favourable consideration to a project 
of such general and national importance. A deputa- 
tion was now sent to England, and the result of 
these negotiations was that ]0,000/. was donated by 
His Majesty’s Government, to — for a thorough 
exploration of the country and a survey of the pro- 
posed railway. This survey was entrusted to Cap- 
tain Yule, who commenced at Point Levis, opposite 
Quebec, in July, 1836, and passing over nearly the 
same ground as before, went up the Etchemins 
Valley to the height of land, crossed the St. 














John and Arestook rivers, and passing round 
Mar’s Hill followed the old course to St. An- 
drew’s; the whole line showing no very difficult 
country, and the greater part of it being remarkably 
free from any obstacles, requiring no heavy work, 
and but few bridges in its course of nearly 300 
miles, and the cost was estimated at only one 
million pounds sterling. The project was received 
most favourably throughout the country, and all 
parties looked upon this as the commencement of a 
series of great arterial communications, which would 
extend ultimately to the Far West, and make St. 
Andrew's the outlet of the Canadas. The people of 
the United States, however, foresaw in the scheme 
a formidable rival to their interests; New York by 
means of her canals was at that time the mart for 
Canada, and this business was threatened, and 
would probably be lost, if the projected line should 
make St. Andrew’s more accessible to Quebec than 
~*~ United States port. 

n 1837 Canada was in the throes of a rebellion 
against English rule, the troubles that surrounded 
her were an opportunity too tempting to be lost, 
and the United States Government made a formal 
objection to the route proposed, on the ground that 
it infringed certain stipulations of the unsettled 
boundary question between the two countries. The 
deputation on the railway business to London 
heard, for the first time, through Sir George Grey, 
Under Secretary of State, that a formal protest had 
been made against the prosecution of the under- 
taking, until this boundary question should be 
finally settled. This for a time abruptly brought 
all proceedings to an end, and when the inter- 
national difficulty was removed by the Ashburton 
Treaty, signed in August, 1842, all that portion of 
New Brunswick, north of Mar’s Hill and west of the 
St. John River, through which Captain Yule’s 
survey passed, had been ceded to the United States. 
This disastrous treaty, proceeding from utter igno- 
rance on the part of the British, acting against 
American commissioners, four of whom were from 
the State of Maine, and knowing thoroughly the 
value and resources of the country, placed the 
formation of a short intercolonial railway at an im- 
menseé disadvantage, expropriated 5000 square miles 
of valuable land, the undoubted property of New 
Brunswick, and settled on that supposition by a 
hardy loyal population, who deemed themselves 
British subjects, besides interposing an awkward 
wedge of foreign territory between the maritime 
and inland portions of British North America. If 
it were not for the unfortunate shape and location 
of this ceded district, the Intercolonial might have 
been 200 miles shorter, Montreal only 650 miles 
from Halifax, and the distance between Quebec and 
a British seaport less than to any Atlantic port in 
the United States. 

Thus terminated the national and political im- 
portance of the St. Andrew’s and Quebec Railway, 
and for a time the undertaking was forgotten; but 
in 1845, when railway speculation in England was 
at its height and money seemed forthcoming for any 
line, the scheme was again submitted, but in a 
modified and reduced form. The section proposed 
to be constructed was only 90 miles from St. 
Andrew's to Woodstock, the superstructure was to 
be a light strap rail, spiked down to longitudinal 
sleepers, and the expenditure was modestly estimated 
at 160,000/. This was proposed to be raised in two 
halves, to be known as A and B, the former to be 
subscribed in England, the latter in New Bruns- 
wick, a preferential dividend of 5 per cent. being 
assigned to the former, before the latter were to 
participate. After 40,000/. of the New Brunswick 





stock had been subscribed, agents were despatched 
to England in 1847, and as the result of this, con- 
siderable capital was raised, and the first four miles 
from St. Andrew’s were commenced by day labour. 
But difficulties ensued from the non-payment of the 
New Brunswick subscriptions, and no great progress 
was made until 1851, when a reorganisation of the 
company was effected, a new contract for grading 
the first 10 miles was let, and the rails and other 
material were sent out from home, but again the 
New Brunswick shareholders were unable to re- 
spond to their calis, even failing to pay the freight 
on the rails that the Class A Company had sent out 
to them. A committee was appointed on this to 
investigate the affairs of the corporation, when it 
transpired that of the 40,000/. subscribed in the 
province 37,000/. was unpaid, and that out of a 
total expenditure on the railway of 35,614/. nearly 
one-fourth had been absorbed by the expenses of 
the two directorates. In 1852 a contract was let to 
Messrs. Sykes to complete the grading of the road 
from the end of the first 10 miles to Woodstock, 
and for a time the work was well pushed, but this 
happy state of things did not last long; the two 
Boards again quarrelled between themselves, and 
then with the contractors, and after the railway had 
been laid for 29 miles, ending in the middle of the 
forest, the work again came to a standstill. The 
two Boards could not get on together, and after a 
year’s negotiation a new company, the New Bruns- 
wick and Canada, was organised, a transfer of the 
interests of all parties was made to them, and Class 
C bonds were issued to supply the sinews of con- 
struction, On December 1, 1858, the railway was 
completed to Canterbury, 65 miles from St, 
Andrew’s, but there was little or no business; 
a fourth delay took place, another reconstruction of 
the company, a new manager, and a fresh start, and 
in July, 1862, the road was opened to a point half- 
way between Woodstock and Houlton, 11 miles 
apart, both rather busy towns, and each the head of 
lumbering enterprise on either side of the boundary 
line. But the traffic was not remunerative, and the 
next year Mr. Osburn, the manager, became the 
receiver, in which capacity he has administered 
the business since; the net proceeds have been 
expended in completing and stocking the railway, 
and by prudence and economy, and the construction 
and absorbing of three branch lines, the traffic has 
at length been fostered into a respectable revenue, 
and the railway has been brought into a tolerably 
good working condition, and fairly equipped. But 
the capital raised for the construction of the line is 
entirely sunk; shareholders and bondholders of 
every description have now one mutually unsatis- 
factory result to contemplate, which it would be 
well if others engaged in similar undertakings would 
apply to their own experience. 

n January, 1866, a branch railway, 19 miles in 
length, was opened from St. Stephen’s to a junction 
28 miles from St. Andrew’s, and as this and not the 
old terminus is really the business place, this branch 
is practically the main line. In September, 1868, 
another branch turning off 83 miles from St. 
Andrew’s, and 1] miles from Woodstock on the St. 
John River was opened, and this superseded the 
five miles of the northern portion of the old main 
line, the rails from which were loaned under an 
arrangement with the local company which con- 
structed the branch to Houlton in the State of 
Maine, eight miles long, turning off from the same 
point as the. line to Woodstock. The mileage of 
the whole was: the old main line 83 miles, and the 
three branches 38 miles, or 121 miles altogether. 
The town of St. Andrew’s, on a promontory stretch- 
ing into Passamaquoddy Bay, was formerly a place 
of considerable business, but for some reason it has 
lost the greater part of this, and since the opening 
of the St. Stephen’s line the quietude has been in- 
creased rather than diminished. The harbour, 
although a beautiful sheet of water, is too shallow 
for the class of vessels that could restore it to its 
former position, and its p ts for the future are 
not encouraging. The rails from this place to the 
junction, 28 miles, the point to which the road was 
first opened, were very light when originally laid 
down, are now oldand worn out, and this section 
is of little service, either to its owners or any one 
else. St. Stephen’s, on the contrary, is 8 pushing, 
enterprising place at the head of tide and navigation 
of the St. Croix River, the boun between New 
Brunswick and the State of Maine. On the 
opposite side of the river, and_ connected by 
two or three bridges, is the City of Calais, 
and on either side of the International frontier, 
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a series of sawmills and lumbering villages, 
known under the common name of Milltown, skirt 
both banks of the river. The people on the two 
sides are so mixed up in business and socially, that 
except for the fact of their being under different 
flags, it would be difficult to point out any other 
distinction. During the war of 1812, a mutual 
arrangement of strict neutrality was entered into 
between the two towns, which both Governments 
seemed to wink at, and which was never disturbed, 
the relations of the two neighbourhoods ever since 
having been more cordial and friendly than before. 
The trade of both towns is the lumbering on the St. 
Croix River and its tributaries, and converting the 
logs into boards, palings, &c., for the American 
market, and the falls and rapids of the St. Croix 
provide the motive power for the mills on both 
sides of the river. A long sluice on the 
British side floats the sawn stuff down to the — 
ping, and a railway on the American side does the 
same. This line, generally known as the Calais and 
Baring, was originally six miles long, and was opened 
in June, 1851. In January, 1858, an extension 16 
miles long, partly on the British and partly on the 
American side of the river was opened to Lewey 
Island, a milling village in the State of Maine, 
since then the two have been consolidated and are 
now known as the St. Croix and Penobscot, with 
the intention of extending them at some future time 
to the latter river 50 miles further west. ‘The ori- 
ginal line before the amalgamation was an extremely 
good property, but the fusion with the Extension 
injured it, and the falling off of the traffic due to the 
failure of the timber trade and the clearing off the 
forests has brought the receipts down from 83,429 
dollars in 1871, to 41,586 dollars in 1876. 

The boundary line between New Brunswick 
and the United States runs due north from 
the head of the St. Croix to the crossing of 
the St. John River, 70 miles above Woodstock, 
the course of the railway from St. Stephens to the 
junction, between Woodstock and Houlton, being 
parallel to it, and at an average distance from it of 
six miles. The proximity to the International line 
was a strong objection to this route for the Inter- 
colonial Railway, and the probability of its extension 
to Quebec on the original design is now more 
remote than ever, from the construction of another 
line on the east side of the St. John River, that is 
pushing its way forward towards the St. Lawrence, 
which it is intended to strike at the Riviére-du-Loup. 
At the northern end of the original line, however, 
starting from the high ground on which the town of 
Levis is built, immediately opposite to Quebec on 
the south side of the River St. Lawrence, and 
following for some distance Captain Yule’s survey, 
is a railway partially complete called the Levis and 
Kennebec, ‘This line follows the valley of the 
Etchemins river, crossing the Rivitre-du-Loup 
branch of the Grand Trunk, five miles from Levis, 
and a few miles beyond, leaving the old survey, 
crosses into the parallel valley of the Chaudiére, 
which it is proposed to follow to near its source in 
the Alleghenies, here forming the boundary between 
Canada and the State of Maine, and 90 miles from 
Quebec. Only half of this distance is at present 
graded, and less then this is running, the further 

rosecution of the works being at present suspended. 

t is intended, however, ultimately to extend the 
line into the State of Maine, and following down 
the valley of the Kennebec river to reach the 
Atlantic at its mouth, making 240 miles from Quebec. 
In the early history of the country this was the 
winter route between these points. The very 
earliest settlement of the French on the Maine 
seaboard, and one of the most important military 
posts of the English, was near the site of the 
present City of Bath at the mouth of the Kennebec, 
and up that river to its source ; across the moun- 
tains, and down either the Etchemins or the Chau- 
ditre was for two centuries the mili road to the 
St. Lawrence stronghold. The Chaudiére, the 
larger of the two, flows nearly north from the 
boundary line, and runs into the main river about 
five miles above Quebec. It has lately been a good 
deal prospected for gold, and although with no 
marked success, the works both of washing and ex. 
ploring are still going on. The Etchemins, nearly 
parallel to the eastward, reaches the St. Lawrence 
only two miles above the city. Both of these 
streams gain the lower plateau over falls respec- 
tively seven and nine miles from Quebec, which are 
considered part of the noteworthy objects of the old 
town, They are both exceedingly effective combi- 
nations of great forests, rocky escarpments, and 








picturesque waterfalls, and that of the Chauditre 
especially will compare favourably for sylvan beauty 
with any of the cataracts of Canada. The most 
beautiful view of Quebec is undoubtedly from the 
high ground near the falls of the Etchemins. Stand- 
ing on a lofty cliff, the spectator is master of a 
wonderful panorama, the noisy falls at his feet being 
a fitting symphony to the grand spectacle in front, 
where, rising in massive grandeur from the opposite 
shore, with many a bower of domestic loveliness 
peeping from the intervening forest, stands the great 
escarped rock on which is enthroned, with its vast 
buttresses and bastions, the huge fortress of Cape 
Diamond. Its fortifications, overhanging the rest- 
less St. Lawrence, enclose in many a prolonged 
curve the nearly hidden city, and, flanked by the 
battle plains of Abraham, the whole glorious picture 
is heightened by a background of grey mountains, 
set in an imposing framework of the dark green 
forest beyond. As the fading light tones down all 
discordant or incongruous associations, and the dis- 
enchanting details of ordinary life are eliminated by 
distance, it looks like the great war palace of Odin 
guarding the Scandinavia of the West. 
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Wrinkles and Receipts, compiled from the Scientific 
American. A Collection of Practical Suggestions, 
Processes, and Directions for the Mechanic, Engineer, 
Farmer, and Housekeeper. Edited by Park Ben- 
gamMIN. New York: John Wiley and Sons. London: 
Triibner and Co. 

Ir has been the custom of our contemporary, the 

Scientific American, for many years to publish prac- 

tical receipts and suggestions, chiefly in reply to the 

inquiries of correspondents. Of course many of 
these are of little value, and even of doubtful 
utility, but amongst the great accumulation there 
remains a great number of interest and use, but 
buried hopelessly for the most part in the columns 
of our contemporary. To resuscitate them, arrange 
them, and revise them where necessary, is the work 
which Mr. Benjamin has taken in hand, and exe- 
cuted with great care and judgment, assisted by Pro- 
fessors Thurston and Vander Weyde, Mr. Buel, and 

Mr. Joshua Rose, Some thousands of items have in 

this way been collected, most of them receipts and 

directions, and the remainder such matters as nee | 
find a place in an engineer’s pocket-book. It isa wor 
much resembling the ‘* Workshop Receipts,” by Mr. 

Ernest Spon, and though of more modest dimensions, 

will fairly compare with that useful volume. 








The Electric Light: its Past History and Present Posi- 
tion. By T. C. HepwortH. London: George Rout- 
ledge and Sons. [Price 1s.] 

This is a little hand-book of about a hundred and 

thirty pages, written in a popular style, and well 

adapted for the purpose for which it has been 
brought out, namely, to give to the general and un- 
scientific public a fair notion of the elementary 
principles which are involved in the science of 
electric lighting and of the characteristic features of 
the various systems which have been introduced up 
to the present time for producing it. Tracing the 
history of electric illumination from the first pro- 
duction of the electric light by Sir Humphry Davy, 
and referring briefly to the battery employed by that 
philosopher, and to the more recent combinations of 

Grove and of Bunsen, the author devotes a short 

chapter to the consideration of the connexion be- 

tween electricity and magnetism, and their mutual 
convertibility through the influence of induction. 

By this the reader is: brought to Faraday’s great 

discovery of magneto-electric induction, from 

which the inventions of the various magneto-electric 
machines of Pixie, Saxton, Clarke, Holmes, and 
others constitute but a short step in pure science, 
although a great stride in the direction of its. com- 
mercial application, In this chapter reference is 
made to the almost simultaneous discovery by 
Siemens and Wheatstone of the reaction principle 
between magnetisation and electrical induction, 
which is the basis upon which all the modern 
dynamo-electric machines are founded, At this 
stage the author breaks off to introduce a chapter 
upon regulators and carbons, in which some of the 
rincipal electric lamps are referred to, and their 
istinctive peculiarities pointed out. This chapter 
concludes with some descriptive notes on the various 
carbons employed in connexion with the electric 
ight, and on the processes of their manufacture 
opted by MM. Carré, Gaudoin, and Siemens. 
Chapter IV. takes up the thread which was 
broken off in Chapter II., and the modern dynamo- 


electric machines of ,Gramme, Siemens, Lontin 
Wallace-Farmer, Weston, and Brush, are referred 
to and described, The Jablochkoff system has ‘a 
chapter exclusively devoted to it, and the systems of 
M. Rapieff and Mr. Werdermann are described in 
the next division, In the seventh chapter the 
various rhage of electric lighting by incandescence 
are briefly explained, and the concluding remarks 
are devoted to the consideration of the apparatus of 
the electric light, and its cost of production, in- 
cluding some notes upon the different motors em- 
ployed to drive dynamo-electric machines. 

This little work is essentially a popular book on a 
popular subject; it does not claim originality of 
matter or description, but for placing in the hands 
of the million a handy compilation from standard 
works upon the subject published both in this country 
and in France, which must have involved a large 
amount of patient labour, the author is worthy of 
much praise. The book is liberally illustrated, 
and the matter contained in it is correct. 
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PAN AMALGAMATION OF SILVER ORES 
IN NEVADA AND COLORADO. 
By T, Eeueston, Ph. D, 
(Continued from page 129.) 

Tue ore having now undergone all the mechanical 
treatment necessary, is ready for the pans. The 
amalgamation is performed in of various 
kinds, They are placed in front of the settling tanks 
usually about 20 in. above the settling floor, an 
sometimes, as in the Brunswick Mill, project about 
1 ft. over it, which is not convenient, as it contracts 
the space. 

In some mills where the pans have wooden sides 
they are covered on the outside with sheet iron 
which fits the bottom of the side very closely, This 
is done in order to prevent the loss of mercury from 
its forcing itself through the pores of the wood, or 
from leaks, when all the mercury will be caught 
between the wood and sheet-iron sides, The pans 
last from five to six years, 

According to the character of the ore the amalga- 
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mation consists of two different periods ; the first 
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one of which, when it takes place is grinding, and 
the second is amalgamation properly speaking. 

The object of grinding is to reduce the ore to an 
impalpable fineness, and to clean and brighten any 
native metals, so that they can be veolity acted 
upon. The motion of the mullers mixes all the ma- 
terials thoroughly together, so that the reactions of 
the chemicals which are added to the pulp may 
reduce any ore in chemical combination, and keep 
the mercury clean and bright, and prevent it from 
flowing as much as possible. The object of amal- 
gamation is to catch all the precious metals in the 
mercury. The pansare all intended to receive only 
well-ground ore, though in certain cases pieces as 
large as a pea may be treated, but this is a very 
Sy oe e practice—it is better to have the pulp 

e. 


The objects sought for in all these different 
ines, are to unite as far as ible a grind- 
ing with a stirring surface, to combine at 
the same time a uniform wear of the cast iron 
with such a distribution of the me that it 
will not flour, and also that that the pan shall have 
the greatest possible grinding surface consistent 
with cheapness and simplicity, and allow of the 
maximum of freedom in the circulation of the pul 
in the machine. A few have been invent 
to treat large-sized ore, but these have generally 
proved failures, for the conditions favourable to 
reducing the ore from the size of a grain of corn 
to pulp, are such as are favourable to a maximum 
loss in m . Simplicity and cheapness is claimed 
for all these pans, and they each claita to work the 
greatest amount of pulp, and produce the best 
results in a given time, with the least labour and 
cost of All these desiderata are, however, 
not found in perfection in any one pan. Formerly 
8 with conical bottoms were very much used, but 
ly these s are being abandoned for flat- 
bottomed ones use they are better adapted for 
ing. With the maximum amount of work the 
t-bottomed pan will wear more uniformly than 
the conical one, and is more easily put in repair. 
The conical pan requires less power, but this is only 

































































an apparent advantage, as it does less work. The 
sides of the pans are generally made of cast iron. 
Sometimes they are made with cast-iron bottoms and 
wooden sides, in which case there is always a ring 
cast on the bottom of the pan for the staves to fit 
in. In very early times they were sometimes made 
with wooden sides and stone bottoms in imitation 
of the old Chilian mill, but this construction has 
been abandoned. 

The pan consists of several distinct parts ; the pan 
roper, upon the bottom of which the dies are 
astened, and the muller, upon the bottom of which 

the shoes are fastened. In their general detail the 
pans most in use are alike, differing chiefly in the 
arrangements and number of the shoes and dies, and 
the method of fastening them either to the muller 
or to the pan bottom. The muller itself will vary 
in shape and in its mode of suspension, and this is a 
matter of eome importance, since upon the mode of 
suspension will depend the ease with which the 
muller may be raised and lawered to effect or pre- 
vent grinding, or to remove it entirely from the pan, 
in order either to clean it or to ir the shoes and 
dies. Some of the pans have a double bottom for 
the introduction of steam, in order to raise the 
temperature of the pan to 200 deg. Fahr., to assist 
the amalgamation. This complicates the con- 
struction of the pan, and increases its cost. Others 
do not have any false bottoms, as at the Brunswick 
Mill, but introduce the steam directly into the pulp, 
which was formerly thought a disadvantage, as the 
steam tends to dilute the pulp and make it too thin. 
It has, however, the great advantage of saving time, 
as the is raised much more rapidly to the 
proper temperature in this way than by the more 
complicated system of a double bottom, whose only 
advantage is the saving of fuel effected by the use of 
the exhaust steam. pans are generally covered 
with wooden or cast-iron covers, and the steam in- 
troduced through a hole in the cover. At the Bruns- 
wick Mill there are for this purpose two boilers, 
only one of which is worked at a time, which give 
steam at 25 Ib. ure, but 80 Ib. is sometimes 
used here and at the Eureka Mill. This amount of 








steam power is necessary, as in winter, not only the 
water but the whole mill must be heated. The 
wood for this purpose costs 5 dols. a cord. The 
temperature of the pulp in the pan is brought up 
about to the boiling point by the steam. Up to this 
point the hotter the pulp the more perfectly the re- 
actions will take place. If the pans are covered, as 
they always should be when steam is used, the pulp 
will be kept at this temperature by the reactions 
which take place during the operations in the pap. 
Sometimes, especially in such mills as have hed pans 
with double bottoms constructed, both methods are 
used, and the steam is introduced into the pan and 
underneath it at the sametime. It has been con- 
sidered an advantage in some cases to use the double 
bottom, because in that case the exhaust steam may 
be used. Where the steam is used directly, it 
cannot pass through the engine on account of the 
oil and grease which exhaust steam contains, which 
would hinder the amalgamation, but must be taken 
directly from the boiler. . 
There are a great number of pans in use, which 
differ more in detail than they do in principle. 
Almost all the pans with conical bottoms have been 
given up. Only those are described which are in 
neral use either in Colorado, Nevada, or Cali- 
ornia. They resemble each other in many parti- 
culars, differing in mere detail of construction, or of 
the arrangement of the muller, shoes, and dies. 
Most of the early pans have, as stated above, double 
bottoms for steam, which are gradually being given 
upfor the introduction of steam directlyinto the pulp. 
The Wheeler pan, Fig. 12, is one of the oldest, 
having been introduced in 1862. It is usually made 
5 ft. in diameter, with a flat iron bottom, and a steam 
chamber 4. The sides are of wood or of cast or 
wrought iron. When they are of wood, the bottom 
is let into the sides. The diese are fastened to the 
bottom by dovetails which fit into sockets, The 
muller ¢ is carried by a vertical shaft g, which 
passes through a cone in the centre of the pan, on 
the upper end of which a screw thread is cut for the 





urpose of raising the muller, when the is to be 
Senaed: It is cnomred at any height by a key fitting 
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into a slot in the muller nut 7 The shoes d are 
attached to the muller by dovetails and sockets, and 
the distance between the shoes and dies is regulated 
by the handwheel r, which raises or lowers the 
block p, on which the axis of the pan rests. In the 
sides are amalgamated copper flies or wings, whose 
object is to disturb the motion of the pulp, and to 
catch any amalgam. The motion is communicated 
by a bevel gearing. The pan can be stopped or 
set in motion by means of a handwheel attached to 
the lever g. The peculiarities of this pan are, the 
means of raising the muller, and the great distance 
between the muiler and the sides of the pan. 

The Varney pan, Fig. 13, was at one time the most 
extensively used of all the pans, but is now gradually 
going out of favour. It is made of iron, the sides 
being either cast in one piece, or made sectional. 
It has the same suspension as the Horn and Patton 
pans, but the muller is made in one piece, and the 
dies are bolted to the bottom of the pan, and the 
shoes are also bolted to the muller. It is conse- 
quently not so easy to remove them as in the pans 
where they are fitted with slots. Like the Wheeler 
pan, but a small part of the bottom of the pan is 
covered by the die. It has the same wings as the 
Wheeler pan. 

The Horn pan, Fig. 15, has iron sides and a flat 
bottom like the Wheeler, and also has a steam 
bottom, which is composed of a flat plate 4, upon 
which the pan proper is bolted. The space for 
y the two hollows formed by 


the steam is made 
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the projections necessary for the sockets of the die. 
The shoes and dies are fastened in the same way as 
in the Wheeler pan. The muller is not, however, 
fastened to the driver, but is caught in grooves, 80 
that it moves only when the driver is turned in one 
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direction ; in the other it is loose. 
the shoes and dies is regulated by two handwheels 


The height of 


at the top of the shaft. On the circumference 
of the inside of the pan, there is a groove into 
which a scraper w is introduced ; it is fastened to 
the muller as shown in the separate sketch. A 
scraper is also attached to the inside of the muller, 
fitting into a similar groove there. ‘The shape of 
the wings is different from that of the Wheeler pan. 
A yoke is attached to the bottom of the pan which 
carries the bearings for the vertical and horizontal 
shafts. This yoke and the scrapers are the pecu- 
liarities of this arrangement. 

The Patton pan, Fig. 16, is a combination of the 
Wheeler and Horn pans, The steam bottom is 
fastened in the same way, but is not exactly like that 
of the Horn pan. The sides are of wood supported by 
a flange, which is nearly as high as the muller, in 
order to prevent the loss of mercury, andis a much 
better disposition than that adopted in the Wheeler 
pan. The shoes and dies are attached as in the 
other pans. The motion of the muller is the same 
as in the Horn, as well as the means of regulating 
it. It has the same wings as in the Horn pan, but 
no scrapers. The bearings for the gear wheels and 
horizontal shaft are set ona beam underneath. 

The combivation pan, Fig. 17, is a combination 
of the Wheeler and Patton pavs, with a number of 
improvements on both. Its capacity is 15 tons in 
24 hours. ‘The cast-iron ring on the inside is carried 
much higher, and is made so that it can be removed 
when necessary. ‘The sides of the pan are of wood. 
From the top of the iron rim about 6 in. of the sides 
is lined with }-in. copper plates, and the wings have 
also copper plates, 16 in. wide at the bottom and 
10 in. at the top bolted to them. This is done to 
help the amalgamation, which is always finer on 
the copper than on the iron. Some of the chief 
advantages of this pan are that the muller is loose 
from the muller stem, and that both the muller 
and the shoes fit into slots. The revolution of 
the muller keeps them in place, but with a bar 
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they can be easily pried out when necessary. The 
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muller is fis 1 in the stem by means of a key in 
the screw thread; by taking out the key and 
turning the muller on the stem it may be raised 
and kept at any height for any length of time, 
and as easily lowered. The three wings are attached 
to pieces of iron, which are dovetailed to fit into 
slots in the side of the pan. 

Stevenson’s pan, Figs. 18, 19. 20, 21, is one of the 
most recently introduced, and is said by Mr. Adams 
to be the best pan for amalgamating that has been 
invented. It does not have some of the mechavical 
advantages of the combination pan, and has lers 
grinding surface, though the distribution of the 
pulp throughout the pan is much more perfect than 
any other, on account of the four double curved 
mould boards z, which are introduced to throw 
the pulp to the outside and upper part of the pan, 
from which it falls again under the muller, and so 
insures a maximum amount of grinding. As the 
mullers are nearer the centre of the pan, less power 
is required to do the grinding than in other pans of 
the same capacity. The moulds raise the pulp 
regularly without violence, and admit of a larger 
charge in the pan. It has a steam bottom like the 
other pans, and the suspension is the same as in 
the Horn and Patton pans. ‘The muller f is attached 
to the driver d, which is keyed upon the shaft by 
four legs ¢, so that the space between them and the 
cone of the pair is entirely free. It has six shoes é, 
which weigh 100 lb. each, and eight dies 4, which 
weigh 85 lb. each. The arrangements for driving 
the pan are the same as in the others. It has a 
capacity of 3500 lb. of pulp, Its total we'ght is 
6500 lb. 

(To be continued.) 
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THE “ THUNDERER” EXPLOSION, 
To THe Eprror oF ENGINEERING. 

Srr,—My connexion with the designing and construction 
of ordnance during the period of transition fiom smooth to 
rifled bored guns and for many years subsequently, is the 
claim I beg to put forward in asking for the insertion of 
this letter in your journal, as a contribution to the above 
subject, and also as to the question whether the time has 
not arrived for reconsidering what is the best material 
for, and the best system of constructing our ordnance, and 
of the method of loading it. 

Since the famous Armstrong and Whitworth competition 


in 1866, guns made exclusively of steel have been completely 
ignored by the Government authorities in this country. 


These experiments, costly and elaborate as they were, can 
hardly be received as conclusive (even going back to the 
time they were made) as tothe relative merits of guns con- 
structed wholly of steel, or with a steel lining only. Still 
less can they be idered as lusive in the present day, 
when such great and notable advances have been made in 
the manufacture of steel. The Whitworth guns then 
tried, with their small bores, long projectiles, and rapid 
twist of rifling, had considerably more work to do than the 
Armstrong guns. Notwithstanding this, the Whitworth 
gun was quite as long-lived at its opponent. Had a gun of 
the same design as the Whitworth gun been constructed on 
the Armstrong system, and handicapped with the Whit- 
worth rifling, been tried against a gun of the same design 
as the Armstrong gun constructed on the Whitworth 
system, but rifled for the Armstrong projectiles, the result 
as to comparative endurance might have been very different. 

‘he length of the 70-pounder Armstrong projectile was 24 
calibres, with a twist of one turn in 40 calibres, whilst the 
70-pounder Whitworth projectile was 4 calibres long, with 
a twist of one turn in 20 calibres. 

The retention of the Armstrong Woolwich construction 
seems to assume that a cylinder, as a chamber of a gun 
really is, to resist great in pressure is stronger and 
more reliable if made of wrought iron, which yields at 
11 tons per square inch, and breaks at 22 tons per square 
inch, than if made of oil-tempered steel, which yields at 
31 tons to the square inch, and breaks at 47 tons per square 
inch.* I, and no doubt many others, will entertain the 
opinion that the strongest material, not the weakest, will, 
when properly treated, make the strongest and most re- 
liable cylinder. The complaint that steel is uncertain and 
unreliable might have been right some 10 or 12 years ago, 
but it is now made so homogeneous and uniform as to be 
absolutely free from this uncertainty. Wrought iron 
remains what it was 30 years ago, if anything not quite so 
good. To-day steel is replacing wrought iron for almost 
every structural purpose; thus, steam boilers, bridges, ships, 
armour plates, &c., are now made of steel. Why should 
guns be an exception? especially where we remember that 
it is impossible to totally avoid its use even in the Woolwich 
gun. In all structures exposed to violent and intermitting 
strains, such as railway bridges, boilers, homogeneousness 
is considered of the highest importance. Why should guns 
again be an exception ? 

There is no quality possessed by wrought iron that is not 
possessed in a ory ae degree by steel, except the facility of 
welding, and that is more than counterbalanced—so far as 
gun-making is concerned—by the facility with which steel 
is cast to form. No nation in the world which makes its 
own guns has adopted the Woolwich system of construction, 
and no nation in the world but England uses guns so con- 
structcd exclusively. 

As to the uncertainty of steel it would be interesting to 
know what percentage of tubes has been rejected by the 
Woo!wich authorities during the last ten years ; thousands 
must have passed through their hands of weights between 
2 ewt. and 200 ewt. each, and every one has been carefully 
tested. 

The list of failures of rifled steel guns is almost entirely 
composed of guns made of a solid forging ; so strong is this 
material and capable of being cast in large masses, that it 
was used in a form never even attempted with wrought iron. 
Since solid steel guns have given place to built-up guns the 
failures have been remarkably few, notwithstanding they 
have passed through an amount of actual service on the 
battle-field far beyond anything that guns of the Arm- 
strong - Woolwich construction have undergone. But 
Woolwich guns are not immaculate, for although they may 
not always burst explosively, as was the case of the 9 in. 
Fraser gun in September, 1868, they not unfrequently fail 
through thecracking of the tube. A 35-ton gun, an 80-ton 
gun, and a 100-ton gun have amongst others recently failed 
in this way. Such failures are invariably attributed to the 
steel ; it may, I think, with much more propriety be at- 
tributed to the construction of the gun itself. The oil- 
tempered elastic steel tube is ourrensded by a soft ductile 
wrought iron, wkich yields ata pressure of 10 or 11 tons 
per square inch, and which no increase of thickness can 
augment. The heavy blow given by the explosion of the 
charge is communicated by the elastic steel tube to the 
soft ductile wrought iron, and after repeated firings of 
the charge, this latter is gradually compressed or upset. 
The steel tube being thus Tet comparatively unsupported 
is strained beyond its elasticity, enlarges. and then cracks. 
It is difficult to imagine how the tube can crack in a number 
of places, and with the cracks extending from the inside to 
the outside, except by the yielding of the wrought iron. 
In the case of the 35-ton gun the steel tube could hardly 
have been crushed, so as to crack, as its yielding point was 
certainly not less than 70 to 80 tons per square inch. 

pga egy must, I think, be considered the system 
of the future. It meets so many difficulties which seem of 
more importance than simplicity, which is the main ad- 
v.ntage claimed for muzzie-loading. The length of the 








* Thee figures are taken from Table I., page 19, of 
** Treatise on the Construction of Ordnance,” 1877. 








n may be extended, powder less sudden in its action ma 
toe Aha and the gun less strained. Longer guns wit 
breechloading can be carried on the broadside; and in 
turrets the gun does not require to be moved from its 
fighting position, as is now the case. : 

The extent of the recoil of muzzle-loading guns is within 
small limits the same at each round in order to give room 
for loading, and the men at the ports may be exposed to 
the fire of Hotchkiss and Gatling guns, while in the case 
of the breechloader they are protected by the mass of the 
gun; and the amount of regularity of recoil is of no 
moment. 

With projectiles like those invented by Vavasseur, and 
subsequently adopted by Krupp and all European Govern- 
ments, the copper ring imbedded in the base of the pro- 
jectile makes a perfectly gas-tight joint before the gun is 
fired, and occupies always exactly the same place in the gun. 
It gives also invariably the same air space in the cartridge, 
while the gas check used with muzzle-loading guns only 
partially prevents the escape of the gas, nor does the charge 
always occupy the same space. This difficulty is increased 
when the gun is depressed. The gas check must be made 
somewhat smaller than the bore of the gun to facilitate 
the loading, and until expanded ty the explosion, so as to 
perfectly fit the bore, the gas will pass by it and score the 
gun. This is shown in a very marked degree in large 
muzzle-loading guns, after firing comparatively few 
rounds. 

The great facility which breechloading offers for examin- 
ing the bore of the gun is also a point of some importance, 
while its almost universal adoption abroad, and partial use 
in this country, must be considered a strong argument in 
favour of its being practicable. 

The conclusions, therefore, which I beg to submit for 
consideration are as follows. That guns should be con- 


the meeting I pr d the formation of another compan 

for the purpose of advancing the principle of screw propul- 
sion for vessels. To support my opinion I at once placed 
5001. for the first shares in this company, at the same time 
Mr. Wright subscribed 20001., Mr. Caldwell 20001., Ad. 
miral Wollaston 500/., and Mr. H. Robinson 5001. ; thus, 
before leaving the bank parlour, the sum of 55001. was 
made up, but Mr. Smith was not amongst the subscribers. 
Shortly afterwards Mr. E. Pascoe was nominated the 
draughtsman of a larger vessel, Messrs. Rennie the engi- 
neers, and myself the builder. Mr. Smith was appointed 
general superintendent at a salary. 

Under these arrangements I commenced to build the 
screw-propelled steamer Archimedes in May, 1838. In the 
course of her construction, Mr. Smith and others endea- 
voured to force me to perpetuate nearly all the objections 
which led to the failure of the little boat built by 
Gulliver. So hardly did they press me on these points 
that the directors permitted me to carry out my improve- 
ments only under the condition that the responsibility and 
cost, if not successful, should be borne solely by myself. 
The hull of the himedes with my improvements, 
was launched in October, 1838, the propeller being a true 
formed screw, having one whole turn round the shaft 
7 ft.in diameter and 8 ft. in length, for which I made the 
pattern at the a of theengineer. As soon as the ma- 
me A was fi she was subjected to trials, all of which 
were deemed generally satisfactory, but I still was not 
satisfied, and after obtaining the permission of the directors 
I very considerably redu the length of the propeller, 
and so improved the speed of the ship. At this date it was 
therefore clear beyond doubt that the shape of the screw, its 
application, and the form of the ship to receive it were, as 
adopted by Mr. Smith, all wrong, and that the alterations 
and application proposed and made by me were in the right 





structed entirely of steel and tempered in oil, so as to be | directi 


homogeneous and elastic throughout, and that they should 
be loaded at the breech instead of the muzzle. 
Apologising for the length of this communication, 
I am, Sir, your most obedient servant, 
Wituiam W. Houtse. 
88, King-street, Manchester, February 25, 1879. 








HISTORY OF THE SCREW PROPELLER. 
To THE EDITOR OF ENGINEERING. 

Srr,—In your issue of the 3rd of January last, and sub- 
sequently, there are communications upon this subject, and 
in all of them the credit due to the designing, building, 
and fitting of the ss. Archimedes is given to Mr. Smith ; 
at places in those letters the vessel is even called Smith’s 
Archimedes. Such statements are simply errors and mis- 
leading to the public. I beg therefore that you will afford 
me the means of correcting those errors by publishing this 
letter. 

In giving an accurate record of the facts, I am obliged to 
claim for myself a very considerable share of the merit so 
freely given to others. 

The screw propeller had been under experiment for very 
many years before either Mr. Smith or myself were known 
to it, although these experiments ended in failure. My 
claim to merit does not therefore rest upon its introduction, 
as claimed for others by your correspondents, but from my 
having found it wrongly shaped and applied in a wrongly- 
shaped boat, and from that position I elevated it toa better 
form, and applied it in a better manner in a properly 
formed ship, thereby making the use of the screw a com- 
mercial success, so much so that the second screw vessel 
which I designed and built, I, as the owner, sent urder 
charter to foreign ports. 

The facts are as follow, and most of them are even yet 
capable of proof : 

Tn 1836 Mr. Smith (who was then a draper and silk- 
mercer at Hithe, and afterwards a farmer at Hendon) did 
with the assistance of Mr. Wright, banker, and others, 
raise some 2V001. to test the merits of the screw as a pro- 
peller. They then had a little boat built by a boatbuilder 
at Wapping named Gulliver. This boat was about 30 ft. 
in len bh. 9ft. in breadth, and 4ft. in depth. The pro- 
peller consisted of a short log of elm cut to form one whole 
turn round the shaft, and it was situated in an aperture, 
or well, 7ft. forward of the sternpost. The boat where 
cut to form the aperture presented partial bulkheads—the 
one before and the other abaft the propeller—thus having 
a part only of the screw effective as a propeller. When 
this boat so finished was tested, no good result conld be 
obtained, and a committee of four gentlemen, on behalf of 
the Licensed Victuallers Company, viz., Messrs. J. Fergu- 
son, pilot; Charles Cutts, shipwright; Samuel Seaward, 
engineer ; and E. Pascoe, N.A.; was thereupon formed to 
look into the matter, to make further tests, and report 
progress. ‘Their report was in all respects so thoroughly 
unsatisfactory to the screw as a propeller that it was de- 
termined to go no further with the screw, and as the com- 
pany were then wanting a passenger steamer it was 

etermined that the boat should be paddle wheel, and she 
was afterwards named the City of Boulogne. 

Some months after this determination I by chance saw 
the little condemned boat lying in the City Canal, and 
made inquiries concerning it. At this time i had a large 
business as shipbuilder and repairer of ships, and had 
built a paddle steamer named Lady de Saumeraez for the 
Levant trade. Mr. Wright, above-named, was the owner. 
I was therefore well able to move in the subject, and 
sought Mr. Smith in order to obtain a trial of the boat 
under steam. This trial showed me that the failure was 
due to the improper formation of the boat, the bad shape 
of the propeller, and the arrangement of the machinery. 
With these objections removed, I was confident that the 
screw could be made a useful propeller. I consequently 
had an interview with Mr. Wright, and suggested a meet- 
ing of his friends, which suggestion was adopted, and at 








ion. 

In May, 1839, the Archimedes was lying in the East 
India Dock, about to go into the river, when the boiler, 
which was loaded to 8 lb. pressure, burst. 

This accident caused some delay, but while the new boiler 
was in p ss I made a model of a propeller having two 
blades, each of true form, and each less than a half turn in 
length. This model, which I still possess, was submitted 
to the directors, and I — upon them that a propeller in 
shape similar tothe model should be fitted. 

Mr. Smith and some of the directors were so opposed to 
this alteration that again I had to test its merits at my own 
cost, and when tes it gave an increased speed to the 
vessel of two miles per hour. Messrs. Ericsson, Woodcroft, 
Lowe, and others were frequently at my building-yard, and 
also present at many of these experiments. 

In September, 1839, I commenced to build a second and 
larger screw vessel for other owners in the Australian 
trade, in which I still further developed my views. 
When she was about half finished the intended owners 
became bankrupt. I then purchased the contracts for 
both the ship and engines from their estate, with the 
object of completing her as at first designed, but on seeing 
Messrs. Sea: , who had originally obtained the contract 
for the engines, relative to their completing the machinery, 
those gentlemen had so little faith in screw propulsion that 
they resisted all my endeavours to get them to do so. 
Nevertheless I finished the vessel and fitted her with a pro- 
peller having two blades of less than a quarter turn in 
length, while to drive this I purchased a ~ of 


high-pressure engines, 14 in. diameter cylinders, 
2 ft. 4 in. stroke acting directly upon the pro- 
peller shaft. The boiler funnel I made of sufficient 


strength and of a shape to serve as a mizen mast. Thus 
finished at my cost I launched the novelty early in 1842. 
I continued to exhibit this vessel for over two years in the 
Thames, and had the pleasure of being the first to show the 
superiority of engines acting directly on the screw shaft to 
Mr. Grantham, some time prior to his application for a 
patent in that matter. Mr. Lowe upon the occasion of 
one of these later exhibitions informed me that the screw 
in use was shaped upon his patent, and he offered me a 
license for it free of cost. I need scarcely say that I re- 
jected such overtures in words they merited, because the 
propeller to which he referred was made, and he had seen 
it in use prior to his application for a patent. 

I also advertised in the Times in December, 1842, chal- 
lenging the production of any paddle vessel then afloat, of 
twice the horse power of the Novelty, which should be her 
equal, upon which I was to forfeit 10001. So little faith 
in the screw then existed, however, that I could not get 
support. My unremitting attention to the one subject for 
three years caused my legitimate business to fall off, and 
my capital at last was all sunk, when I found two gentlemen 
who invested some money upon a part share of the vessel. 
With this, anda further sum of 15001. I contracted for and 
obtained a condensing engine, and thus equipped, the Novelty 
was chartered for a sea-going voyage, from which she re- 
turned with about 420 tons of cargo. Consequently I am 
not only the designer and builder of tke first sncseeatally 
propelled screw vessels, but am also the builder an 
owner of the first screw vessel which made a commercial 
voyage. 

There are of course many points which I could usefully 
add to this narrative, but it would far exceed a prudent 
length to give them in this letter. It will, however, be 
asked why, if the facts be as I state them, did I not earlier 
prefer a claim to merit or reward? The reasons are these : 
I was purely a practical man conversant with mechanics, 
but having little commercial knowledge. ; 

I always freely showed others all I was doing. I 
struggled to advance the success of the screw propeller, 
believing that its success at my hands would have a seque 
in my success, but after the endeavours and losses of five 
years my business was placed in liquidation and my personal 
effects taken from me. I was then reduced to helplessness 
at the time when success had commenced, and otbers who 
up to this time had looked on and profited by my tests and 
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my exertion then advanced to reap the harvest, the seed of 
which I had sown. My friends and family afterwards 
counselled me to again establish myself in my ordinary 
business, rather than to endeavour to wrest from others 
the honours and rewards which they were reaping, and 
which I cannot help believing properly belonged to me. 
The same counsel has continued to rule my course in this 
matter, and fortunately I have been able to provide for my 
old age, but having done so much in advancing the success 
of the screw propeller, and this at a bitter cost, it does 
seem to me an injustice that my name and my earlier efforts 
should be so far forgotten as to be omitted when the subject 
is brought forward for discussion or for record. 

I may be permitted to 4 me the opinion that, but for 
my strenuous exertions and heavy ifices, the success of 
the screw as a propeller would have been delayed for many 

ears. 
7 I am, Sir, your obedient servant, 
HenRY WIMSHURST. 
March 5, 1879. 





To THE EpITOR OF ENGINEERING. : 
Srtr,—Having my attention drawn to the interesting 
leter of Mr. Roberts regarding the history of the screw 
propeller and the claim made therein as to Edward Shorter’s 
priority of invention, which appeared in last week’s number 
of ENGINEERING, I beg to state in reference to the trial 
mentioned of Shorter’s propeller on board His Majesty’s 
ship Doncaster in 1802, there is an old document—or 
circular—said to have been found amongst the papers of 
the late Mr. David Napier in the Kelvin Museum at 
Glasgow ; the paper is a copy of the correspondence and 
certificates from captains, &c., connected with the trial. 
Thinking this might be of some use to you I have forwarded 
a copy of the Engineers’ Annual and Almanac for this 
year, into which (page 94) I have reprinted the contents of 

the paper above referred to. 
I am yours truly, 
Jas. DONALDSON. 


198, Claughton-road, Birkenhead, February 22, 1878. 

[We reprint from The Engineers’ Annual and Almanac 
for the Year 1879 the interesting documents to which Mr. 
Donaldson refers. | 


“ The Early Days of Screw Propulsion. 

“Copy of an old document found among the papers of 
the late Mr. David Napier. ; 

“Certificate from Admiral Sir Richard Bickerton and 
the captains of His Majesty’s ships Dragon, Superb, &c. 

** Gibraltar Bay, July 4, 1802. 

‘* Sir,—I arrived here on the 1st, after a passage of ten 
days from England, and at the time of my arrival had a 
fresh breeze at S.W. in consequence of which had not an 
opportunity of making use of the propeller ; but yesterday 
being calm, I got the Doncaster under way by desire of 
some captains in the navy and several others, when it was 
exhibited to the great surprise and satisfaction of every 
spectator, at the same time the log was hove and found the 
ship, although deep loaded, went one knot and a half 
through the water entirely by the use of your new invented 
propeller. , 

“The enclosed certificate I have received from the 
captains of His Majesty’s ships Dragon and Superb in 
order that the utility of the grand machine may be made 
known to all persons concerned in shipping, especially ships 
coming up the Mediterranean, where we are so much su 
ject to calms. : 

‘*T have received orders to go to Malta, and shall sail 
this afternoon wind permitting. Yours, 

‘* Joun SHouT, Master of the Doncaster Transport. 

‘‘We, the undermentioned captains of His Majesty’s 
ships Dragon and Superb, have seen the Doncaster move, 
in acalm, the distance of two miles, in Gibraltar Bay, and 
with sufficient re by the sole use of Mr. Shorter’s 

ropeller to give her steerage way. 
ie of “ Gibraltar Bay, July 4, 1802. 
**S. Ayumer, Captain of H.M.8. Dragon. 
** R, Keats, Captain of H.M.S. Superb. 


“Mr. Shorter,—Sir, I arrived here about a month ago 
from Gibraltar, at which place I wrote you concerning the 
propeller, likewise enclosed the opinions of the captains of the 
ships Dragon and Superb, which I hope you have received 
before this. On my arrival here, I a favourable oppor- 
tunity in exhibiting the propeller. After I got betwixt the Isle 
of Gore and Malta, it fell a calm, and continued so twenty- 
four hours, and not likely to have wind, and being only 
about seven leagues, I oe the propeller at 4 a.m., and 
hove away at the rate of one and a half miles per hour. 
having eight hands at the capstan at one spell. arrived 
in the harbour at 6 p.m. to the astonishment of every 
spectator. Three days after my arrival, by desire of 
Admiral Bickerton, I got the ship under way, and went up 
and down the harbour, to the satisfaction of all persons who 
saw the exhibition. I believe we shall lay here some time, 
therefore I take this opportunity, by one of His Majesty’s 
cutters, which sails direct for England, and now under 
way, of sending you the opinion of Admiral Bickerton, and 
remain, Sir, yours respectfully, : 

** Joun SHovrT. 
Copy of Opinion of ADMIRAL BICKERTON. 
** Kent, Valetta, the 22nd of September, 1802. 

“‘ Sir,—Having been on board the Doncaster transport, 
and examined the working of the propeller while the ship 
was under way, I have to inform you that I think the plan 
a good one, and that it may in many instances be found 
useful. I am, Sir, your obedient servant, 

“*R. BICKERTON. 
Printed by Wm. Newman (Mercury Printing Office), 
Widegate-street, Bishopgate. 
“ Copied from the original in Kelvin Museum,” 


“ 





MINE VENTILATORS. 
To THE EDITOR OF ENGINEERING. 

Srr,—With all due deference to “‘T. L. G.’’ I find that he 
compares the two classes of mine ventilators to a force and 
centrifugal pump; the comparison is certainly very forcible, 
nevertheless I claim the Cooke ventilator to be an excep- 
tion, because it has been found from actual experiments 
made at several mines and collieries on various mine venti- 
lators, that the Cooke gave the best results even at very 
low water gauges ; therefore, if this comparison be theo- 
retically correct, the Cooke ventilator must include the 
properties of the centrifugal as well as the force pump. 

In proof Hwee I oot = few recent vey at a low 

wer of exhaustion, poun ing per square foot : 
ae =~ be . yoga 


Cooke, Upleatham Mines sen 9 J 
Guibal, Farnley Wood Colliery 4.6 50.4 
Waddle, Aberaman Colliery ... 5.7 44.9 
Rammell, Cannock Chase Col- 

liery ... ie enn oo =a 41.0 
Leeds, Morley Main Colliery ... 7.6 37.4 


In conclusion, I vay 4 this opportunity to ange that I 

ve my opinion purely from an engineering point of view, 
at) I wile in support of that Sesion only. 

Yours truly, 
March 5, 1879. JoHN CHATTO. 
PROVINCIAL SANITATION, 
To THE EpITror oF ENGINEERING. 

S1r,—In your article of February 21st under the above 
heading a slight correction is needed, which you will kindly 
permit me to make. It is stated that ‘‘ when the drainage 
of Ravensthorpe was completed the death rate fell to 17.5.” 
This should be 15.1, which for an almost exclusively cottage 
population, working in woollen mills and living in a flat 
and low-lying district, is no mean proof of what may be 
done by sanitary science. - 

With regard to the private streets of Ossett, which are 
stated not to be included in the drainage system of that 
district, which was quite true at the period of Dr. Thorn’s 
visit, I may say that works have already been designed, 
and are now being carried out by me for that purpose. 

I am, Sir, yours truly, 
ALCOLM PATERSON. 

[We are obliged to our correspondent for pointing out 
the error in our article to which he refers.—Ep. E.] 











THE CIRCUMFERENCE OF THE CIRCLE. 
To THE EpITOoR oF ENGINEERING. 

Srr,—In your valuable journal of February 14, Mr. 
Samuel Wheeler, of San Francisco, has published a method 
of approximately rectifying the circle. Now, although I 
think that similar graphical methods for the rectification 
of the circle are of very little practical value, yet I propose 
to give another method, which is at once more correct and 
more simple, as it does not require the construction of a 
pentagon. 











t , 
i 
w 
MnP q omy | the given circle, the angle b ap is made 
45 deg., then 6 c is drawn perpendicular to mp, and 


finally a d is made ac.* Now, if to the length a d three 
radii (a m=ms=st=r) are added, the length td is very 
approximately half the circumference of the circle. 


or a c=r cos. 45 deg.=0.707107 r 
thus a d=}ac=0.141421r 
and te= 3.000000 r 
Sum one ie e- 98141421 r 
Exact half circumference... 8.141592 r 
Difference ... oe 0.000171 r 


As Mr. Wheeler’s difference is 0.000456 (viz., more than 
two and a half times greater), it is evident that the result 
of the present method is very much more correct. By 
actually trying both methods, mine will be found aJso more 
easy and convenient. The proposed construction suggests 
itself so readily to the mind, that I should wonder if it was 
not proposed long ago. 

Nevertheless, I do not think that any such method will 
be used in practice, as every engineer must necessaril 
prefer to calculate his circumferences by a simple multi- 
plication. 

I am, Sir, yours most respectfully, 


L. Hasnis. 
Prague, February 19, 1879. 


THE EDISON LIGHT. 
To THE EDITOR OF ENGINEERING. 

S1r,—My attention has been called to an article in your 
paper of the 21st ult., in which my name is somewhat freely 
used. The article came to my knowledge too late to enable 
me to communicate with you in time for your issue of 
Friday last, and so far as it relates to me is calculated to 
do me much injury. 

The information which I offered you, and of which you 
at our somewhat prolonged interview expressed no sugges- 

* This is most easily done by making a 5=—5 al (al 
being an arbitrary length), and drawing 1 d parallel to5c. 











tion of icion, was obtained by me in perfectly legiti- 
mate pale mer Newb manner, and I must request you to 
publish this letter in order to remove the injurious im- 
pression that your remarks upon me might produce in the 
minds of any friends or connexions who may have read it. 

I may add that neither of your contemporaries was in any 
way indebted to me for the information they published. 

I am, Sir, yours faithfully, 
WALTER H. THELWALL. 
Assoc. Inst. C.E., and M.S.E. 

20, Fawcett-street, Redcliffe ne South Kensington, 


March 8, 1879. 

[We publish Mr. Thelwall’s letter, but in the interest of 
patentees we must remark that it is highly desirable that 
something more should be known of the manner of procur- 

information supposed to be confidential, to which he 
ers. Perhaps Mr. Thelwall will explain.—Ep. E.] 
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TRAMWAYS.—Considerable extensions of the Bucharest 
tramways are in progress, the orders having been intrasted 
to Messrs. Spielman and Co. of Queen Victoria-street. The 
Spielman system of permanent way is also adopted for the 

rid tramway extensions. 





THE BELLEVILLE BorLERs.—Visitors to the recent 
Paris Exhibition will have remarked the small space occu- 
pied by the set of 300 horse power boilers on the Belleville 
system employed to supply steam for driving the machinery 
in the French Section. A gold medal was awarded to the 
Belleville Company, as well as a nomination to the Legion 
of Honour ; and the special committee of the French Navy, 
under Admiral Jauréguiberry, has devoted considerable 
attention to these generators. We are informed that the 
French Admiralty has, in consequence of the recommenda- 
tion of the committee, just ordered a set of 900 horse 

wer boilers for the despatch boat Voltigeur, built at 

rest, and now nearly completed. 





Kina’s CoLueaz ENGInEeERING Society. — On Feb- 
ruary 2lst Mr. W. Winn read a paper at the above society 
on ‘Canals.’ In the commencement of his paper the 
author classed canals under eight separate headings, of 
which the first was a canal partially surrounding a town, 
under which heading he gave a description of locks, show- 
ing those used in the Regent and other canals; he also 
drew attention to aqueducts and embankments, noting 
where in some cases tunnels had to be made. After treating 
with two or three other classes of canals, Mr. Winn came 
to where a canal joins two oceans, giving as instances the 
Suez and the proposed Darien ae. The author in his 
last division described military canals, illustrated by the 
canal at Winchelsea, after which he concluded his paper 
with the cost of making canals in different countries, com- 
paring it with the cost of constructing railways. A vote 
of thanks for Mr. Winn’s interesting paper brought the 
——— to an end. On February 28th Mr. 8. G. 

eynes read a paper on “ Agricultural Implements’ 
generally. He commenced his paper with a description of 
the a, showing by way of illustration one of the most 
improved forms. ‘The clod-crusher and harrow were the 
implements next touched upon. Mr. Heynes then described 
the drill, showing how the different kinds of drill operated, 
and stating the advantages of some drills over others. 
After dealing with many other kinds of implements used 
in agriculture, the author concluded his paper with a detailed 
account of the reaper and mower. At the end of the dis- 
cussion which followed, a vote of thanks was passed for 
Mr. Heynes’ paper, which brought the meeting to an end. 





THE MeTrorRoLoaicat Soctrry.—The usual monthly 
meeting of this society was held on Wednesday evening, the 
19th February, at the Institution of Civil Engineers, Mr. C. 
Greaves, President, in the chair. Eleven new fellows were 
elected, and twelve candidates proposed. The following 

apers were read: ‘‘Diurnal Variations of Barometric 

ressure in the British Isles,’’ by Frederick Chambers. 
The object of this paper is to show that differences of types 
of the diurnal variations of pressure at inland or sea coast 
stations are due to the superposition, on a common type of 
diurnal variation at all the stations, of a distinct diurnal 
variation of barometric pressure, such as is required to 
satisfy the convection current theory which explains the 
well-known diurnal land and sea breezes. To show this, 
all that is necessary is to take the differences of the corre- 
sponding hourly inequalities of the barometric pressure at 
pairs of inland and coast stations, and to exhibit these 
differences in the form of curves, which are then found to 
closely resemble the curves of diurnal variation of air tem- 

rature. ‘‘On a Standard Cistern Siphon Barometer,’’ 

y Frederick Bogen. ‘‘On the Relation existing between 
the Duration of Sunshine, the Amount of Solar Radiation, 
and the Temperature indicated by the Black Bulb Ther- 
mometer in Vacuo,’’ by G. M. Whipple, B.Se., F.R.A.8. 
The author has instituted a comparison between the dura- 
tion of sunshine, as determined by Campbell’s sunshine 
recorder, and the amount of solar radiation as ascertained 
from the readings of the black bulb thermometer in vacuo 
for the year 1877 at the Kew Observatory. It is evident 
that there is a close relation between these phenomena, but 
owing to the great range of the black bulb thermometer 
the exact nature of the connexion is not immediately evi- 
dent. The author says that it may be safely concluded 
that the measure of solar radiation, as given by the black 
bulb thermometer, is only to be considered at any place as 
an indication of the relative presence or absence of cloud 
from the sky at the locality, and so its use as a meteor- 
ological instrument may with advantage be set aside 
in favour of the sunshine record which has not the ele- 
ments of uncertainty attached to it, inseparable from the 
former instrument. ‘‘ Results of Meteorological Observa- 
tions made at Buenos Ayres,” by William B. Tripp, Assoc. 
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BEVEL GEAR CUTTING MACHINE. 
CONSTRUCTED BY MESSRS. ANTON FETU, AND DELIEGE, ENGINEERS, LIEGE. 






















































































WE give above engravings of a machine for cutting 
bevel gear, constructed by MM. Anton Fetu, and Delidge, 
of Liége, and shown by them at the late exhibition at 
Paris. The machine consists of a bedplate A carrying a 
sliding headstock B, this headstock being furnished with 
a spindle on which the wheel to be cut is mounted. On 
the same bedplate A is also fixed another headstock 
having a vertical spindle C, around which the frame 
carrying the cutting tools can swing, the outer end of the 
radial cutter frame being supported by the curved guide 
E, as shown in Fig. 2. 

The shaping of the teeth to be cut is effected by two 
tools carried by toolholders moving on inclined guides, 
as shown by Fig. 3, these toolholders being coupled by 
connecting rods to a frame oscillating on the vertical 
spindle C, this frame having a reciprocating rotary 
motion imparted to it by a crank of adjustable throw, 
as shown in Figs. 2 and 3, which explains the manner in 
which the crank is driven. The arrangement of guides 
for the toolholders is such that the cutting edges of the 
tools always move in lines passing through the apex 
of the cone of which the wheel to be cut forms part. 

The form of the teeth cut is determined by a tem- 
plate of iron 0.7 in. thick, this template being the same 
for a wheel with a given number of teeth whatever may 
be its diameter. The ends of the guides for the tool- 
holders terminates in studs, which rest against this 
template as shown in Fig. 1, and are kept in close contact 
with it by means of a pair of slotted plates drawn in 
opposite directions by a balanceweight. The effect is 
that as the feed-motion takes place, the two tools are 
shifted from the relative positions shown by Fig. 5 
annexed to those shown in Fig. 6, they having during 


Fic. 6. 
Tool B 
Zool A 


this movement cut the opposite sides of two adjacent 
teeth. A stop prevents the cutters from moving too far, 
and when a space has been thus cut, the tools are drawn 









































back by means of the handle F, and the wheel to be cut 
turned round through the space of one tooth. 

The division of the teeth is effected mechanically by 
the aid of the gear G,H, I and the dividing plate J, the 
machine exhibited being arranged so that any number of 
teeth up to 100 could be cut, and any number above 100 
excepting prime numbers. The hand-wheel marked K 
in our engravings is for moving the headstock B along 
the bed. 








THE ENGINES OF THE YACHT “ISA.” 

We illustrate on the opposite page the engines of the 
yacht Isa, the property of Mr. H. Andrews, of Newcastle- 
on-Tyne, and belonging to the Royal Thames Yacht Club. 
The engines and boiler were built by Messrs. Douglas 
and Grant, engineers, Kirkcaldy, to the specification of 
Mr. Alex. Taylor, Newcastle. 

The Isa is a well-modelled twin-serew yacht, with 
clipper bow and elliptic stern, 118 ft. 8 in. length of keel, 
18 ft. 9 in. extreme breadth; 10 ft. 5 in. depth moulded ; 
and 10 ft. depth of hold; flush-decked, and rigged as a 
two-masted yacht, her yacht tonnage being 248 tons. 

The engines are three-cylinder compound, the cylinders 
being 10 in., 15 in. and 28 in. diameter respectively, all of 
2 ft. stroke. The high-pressure cylinder is placed in- 
verted over the intermediate one, the same piston rod 
serving for both, and there being space between for pack- 
ing glands, &c. The cover of the intermediate cylinder is 
made in halves, so that its piston can be drawn without 
removing the high-pressure cylinder. The crankshaft 
and screw shaft are forged from Lowmoor scrap, the 
diameter of journals being 53 in. The surface condenser 
has 350 square feet of tube surface, the tubes are # in. 
external diameter, packed with Marshall’s patent rings. 
The air pump is 10} in. in diameter by 12 in. stroke, and 
is single-acting ; the circulating pump is 6 in. diameter 
by 12 in. stroke, and double-acting. There are two feed 
pumps 1 in. in diameter by 12 in. stroke, and one bilge 
pump 2% in. in diameter by 12 in. stroke. The propeller 
has two blades andis of gun-metal, polished all over; it 
is 8 ft. 6 in. diameter and 12 ft. 3in. pitch. Steam is 
supplied by one boiler 8 ft. 9 in. diameter by 8 ft. 6 in. 
long, with two furnaces 33 in, in diameter, and 106 re- 





turn tubes of 2}in. external diameter. The shell plates 
are 1 in. thick with double butt straps, treble rivetted ; 
the boiler was proved by hydraulic pressure to 250 Ib. 
per square inch, and with steam to 150lb, The working 
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pressure is 1201b. The accompanying diagrams wero 
taken during a run out to sea, the speed of tho yacht 
being about twelve knots. 
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THE AYR DOCK. 

We publish this week a two-page engraving of the Ayr 
Dock. We shall, in an early number, give further views 
of this dock and the works connected with it, and for the 
present, therefore, we postpone our description. 








NOTES FROM THE SOUTH-WEST. 
Torquay.—A company has been formed at Torquay for 
the purpose of providing a promenade pier, independently 
of the existing one. e undertaking would involve an 
outlay of 30,0001., of which Torquay is expected to provide 
10,0001. The scheme is favourably regarded, but there 
seems to be some difficulty about providing the money, owing 
to the town being committed to various other local improve- 
ments. 


Colliers’ Wages in Dean Forest.—A mutual arrange- 
ment bas been made between Messrs. Crawshay and Sons’ 
colliers in Dean Forest and the representatives of the firm, 
by which a 5 per cent. reduction of w came into operation 
on Monday. It may be remembered that an advance to this 
extent was made tothese men (and others in the forest) at 
the beginning of January contemporaneous with the rise in 
quotations, viz., 1s. per ton ; and the present reduetion will 
be a restoration of the wages rate prevailing during last 
year, the drop being rendered expedient by the reverses re- 
cently sustained in the house coal trade. The same 
arrangement has been also effected at the Speech House 
Colliery, of which Mr. Edwin Crawshay is managing di- 
rector. 

legraphic Communication with Mumbles Head.—The 
work of establishing telegraphic communication between 
the Mumbles Head and the post office at the Mumbles has 
been commenced, and as the distance is short, the placing 
of the wires will not take long. This will be of great advan- 
tage to shippers and also to the port, as vessels calling for 
orders can anchor outside the Mumbles Head at any state 
of the tide, and after receiving a reply can proceed to 
Swansea or the other ports in the channel without much loss 
of time. 

The Electric Light at the Severn Bridge.—On Wednes- 
day night the electric light was brought into practical use 
for the first time at the Severn Bridge, enabling some 60 
workmen to succeed the day employés in the removal of 
staging, attending the divers, &c., at low water. The 
light has proved a success, and the contractors will utilise 
it nightly. The work now in hand in connexion with the 
bridge is the erection of the last big span, 312 ft. in mid- 
channel, prior to which immense stagings have to be 
erected, necessitating the employment of many hundreds of 
tons of timber, practically built up from the bed of the 
river. 


Bristol Tramways Eztensions.—A meeting of the 
directors of the Bristol Tramways Company was held on 
Saturday, when it as decided that the Bill for the 

roposed extensions should be deposited with the Board of 

rade, although a clause passed by the 'Town Council could 
not, and would not, be accepted. The forms of the Board 
of Trade allow some weeks to pass before a Bill is finally 
approved of or withdrawn. An endeavour will be made 
during this time, by means of memorials and otherwise, to 
induce the Town Council to withdraw the clause, which 
the company contend would be an impracticable one to 
work. 

Swindon and Highworth Light Railway.—The first 
sod of this line was turned on Thursday. 


Great Western Working Expenses.—The working ex- 
penses of the Great Western Railway in the half-year 
ending January 31, 1879, were at the rate of 51.90 per cent. 
of the receipts, as compared with 52.50 per cent. in the 
corresponding period of 1877. On the London and North- 
Western Railway the ratio in the second half of 1878 
was 54.54 per cent. ; and on the Midland Railway, 52.60 
per cent. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—The warrant market opened 
dull last Thursday at a decline of 3d., but subsequently 
recovered, the prices at the close being the same as on the 
previous day. Business was done during the forenoon at 
43s. 9d. to 43s. 10}d. cash, and at 43s. 10}d. to 44s. one 
month, buyers at close offering the higher figure and sellers 
asking 1d. per ton more. In the afternoon 44s. cash and 
44s. 14d. one month were the quotations, and the market 
closed with sellers at those prices and buyers near. Friday’s 
market opened weaker, but improved, and closed at the 
best point, which wes the same as on Thursday. There 
were transactions during the forenoon at 43s. 10jd. cash 
and 44s. one month, buyers remaining at the close at those 
prices, and sellers asking 1d. more per ton. Buyers paid 
44s. cash and from 44s. 2d. to 44s. 2d. one month in the 
afternoon, and the market closed with buyers at 44s. 04d. 
cash and 44s. 2jd. one month. There wasa very strong 
market at the opening on Monday, and an advance of 6d. 
per ton was at one time gained, but a reaction subsequently 
set in, and the price at the close was 2d. per ton over the 
closing quotations of last week. Business was reported 
during the forenoon at 44s. 3d. to 44s. 6jd. cash and at 
41s. 6d. to 44s. 8d. one month, sellers at the close asking 
44s. 4d. cash and 44s. 6d. one month, and buyers offering 
1d. per ton less. The afternoon quotations were 44s. 4d. 
to 44s. 2d. cash and 44s. 6d. to 44s. 4d. one month, sellers at 


the close accepting the lower rates and buyers offering 
44s. 1d. and 44s. 3d. cash and one month respectively. There 
was a duller opening yesterday, but the market afterwards 
improved ; the close, however, was weak, and left off 1d. 
under Monday. Iron changed’ hands during the morning 
at 44s. Old. to 41s. 3d. cash, and at 44s. 24d. to 44s. 6d 


cash and 44s. 6d. one month, buyers offering 1d. per ton less. 
Prices receded in the afternoon to 44s. 1d. cash and 44s. 3d. 
one month, the close being sellers at those prices and 
buyers at 44s. and 44s. 2d. cash and one month respectively. 
The warrant market was steady this forenoon, w: busi- 
ness was done at 44s. 2d. one month, sellers at the close 
asking 44s. cash and 44s. 2d. one month, and buyers 14d. 
r ton less. In the afternoon prices suffered a further 
ine. The low prices ruling, coupled with the approach 
together with the speculative move in warrants, 


of spring, 
have ietioneel dealers during the past week or ten days, 
and large quantities of iron have m bought from the 


makers, most of whom have in consequence advanced their 
some even twice within the week. There has 
more business — shippers and consumers, but 
it remains to be seen if this is the result of improved trade 
or only speculation in anticipation of returning confidence. 
A large quantity of pig iron was sent into the public 
warrant stores last week, and the total stock with Messrs. 
Connal and Co. up till Friday night amounted to 218,716 
tons, showing an increase for the week of 5008 tons. An 
additional blast furnace has been blown in at Dalmelling- 
ton Iron Works, so that the number of furnaces in actual 
operation is now brought up to 89, as against 85 at the 
same time last year. The shipments of pig iron from ali 
Scotch ports last week amounted to 8318 tons, as compared 
with 7860 tons in the corresponding week of last year. 

The Time Question in the Engineering Trades.—A 
number of the engineering and shipbuilding firms in the 
Glasgow district, Govan, and Whiteinch, having resolved 
that their respective works should return to the 54 hours 
om as a working week on the 1st current, a number of 
the workmen employed by Messrs. Elder and Co. and 
Howden and Co. at once resolved to offer resistance by 
going on strike. It does not seem, however, that the re- 
solution to revert from the 51 hours to the 54 hours system 
is at all general amongst the employers, and still less 
general is the strike amongst the workmen. If the advice 
of some of their leaders were listened to there would at pre- 
sent be no strike, as the depression in trade is so serious as 
to give little or no encouragement in the way of risking a 
strike over the disputed three hours per week. The men 
consider that they have not been fairly dealt with at this 
time, as they say that when, about five months ago, they 
got the option of choosing a reduction of es Or al ex- 
tension of the working week, ey adopted the former on 
the distinct understanding that the question of 51 versus 
54 hours should not be re-opened. It is not expected that 
the strike referred to will be other than very partial, or 
that it will last long. 

Royal Society of Edinburgh.—A meeting of the Royal 
Society of Edinburgh was held on Monday evening, Pro- 
fessor Douglas Maclagan in the chair. A paper by Mr. C. 
J. Henderson, giving an account ofa series of experiments 
made in a hall with special reference to the heating and 
ventilation of churches and other public buildings, was 
read by Professor Fleeming Jenkin. 

Clyde Shipbuilding Trade.—During the past month 
there were launched on the Clyde fourteen vessels of a total 
of 18,200 tons, six of the vessels being large ocean-going 
steamships ranging in size from 2050 tons to 3000 tons 
each. Of the fourteen vessels launched only one was a 
sailing ship. There are said to be only 65 vessels in hand 
all over the Clyde just now. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday on ’Change at 
Middlesbrough there was a further improvement. The 
makers of pigs quoted No. 3, 36s. per ton, and merchants 
bought at 35s. per ton less one per cent. Messrs. Connal and 
Co., the warrant storekeepers of Middlesbrough and 
Glaszow, reported as follows : “‘ Our stock to-day is 81,200 
tons, and we are receiving about 200 tons daily. Middles- 
brough f.o.b. warrant are quoted at 35s. 6d. and 36s. per 
ton net No. 3. There isa good demand for them. Glasgow 
stock 219,400 tons, and we are receiving about 800 tons 
daily.”” While the market is advancing it is fair to state 
as an instance of the real condition of things and the power 
of ready cash that one of the largest firms of merchants in 
Middlesbrough and Glasgow has just bought a quantity of 
No. 4 Cleveland forge at the low of 28s. per ton. The 
circumstances connected with this transaction however are 
exceptional. It is generally felt that the protracted de- 
pression has tenghed the lowest point, and that an upward 
tendency will characterise the Cleveland market for some 
time to come. All idea of taking any united steps to reduce 
the total make of Cleveland pig iron has for the present 
been abandoned. 


The Finished Iron Trade.—In the finished iron trade 
there is no alteration. Many of the works are only par- 
tially employed, and there is still a large number of men 
working short time. Ironfounders are well employed. 
The fact is, that engineers in different parts of the world 
are finding out that they can get pipes in Middlesbrough 
ony ond and better than anywhere else. Hitherto there 
has n a strong feeling amongst certain engineers to 
place orders for pipes with Glasgow firms; but as it has 
become end known that such la quantities of 
Cleveland iron are sent weekly to the Clyde, the quotations 
of the Middlesbrough founders are being more closely 
examined. 

Engineering and Shipbuilding.—General copnaering 
work is fairly distributed over the North of England, an 
all the establishments are, considering the condition 
of trade throughout the country, doing very well. The 
shipbuildors on the Tyne are going through the same 
programme with regard to the wages question as was neces- 
sary on the Tees. Matters are gradually getting settled. 





gineering done during the last year or two, and it will be 
well for those engaged in the trade if they have anything 
like an average year at the close of 1879. 

The Coal and Coke Trades.—There is not such a good 
demand for household coal, and notwithstanding the re. 
ported improvement in the iron trade, coke and other kinds 
of fuel are not in any better request. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Dronfield Water Scheme.—The Dronfield Local Board 
has come to a very important decision, namely, to join the 





also | Chesterfield Union in the scheme for supplying the district 


with water. The inducement to abandon the present supply, 
purchased from the Chesterfield Water Company, is that the 
new supply will cover the higher parts of the board’s dis- 
trict which have not been reached hitherto, and that after 
thirty years the water will be free from cost with the excep- 
tion of maintaining the mains. 

An Unfortunate Railway Company.—The ordinary 
meeting of the Scarborough and Whitby Railway Com- 
pany has been held, and a very unsatisfactory state of 
things disclosed. The report stated that ‘‘ No progress 
has been made during the past half-year towards raising 
the capital required to finish the line.’’ The balance-sheet 
showed that the — balance against the company on 
construction account is 35,7571. 11s., and this is owing to the 
contractors, Messrs. Kirk and Parry. As there was no 
other course open, the report onl balance-sheet were 
** adopted”’ and then followed a consultation as to future 
operations. Some of the shareholders desired that the 
concern should be wound up, but a majority of them 
consider that it would be better to wait in the hope of a 
revival of commerce. 

Filey Harbour.—A very energetic movement is being 
made by commercial men in the district to raise sufficient 
funds for the construction of a harbour at Filey. The 
necessity of one at this place is well known. The towns- 
people and local shareholders have met ‘to give a fresh 
impetus to the undertaking, and try to win the public 
patronage.” It was pointed out at the meeting that 
already there would be an income for harbour dues of 10001. 
per annum—that would pay 51. per cent. on 20,0001.—and 
yet ‘‘ they were stuck in the alter the sake of 25,0001.’ 
One member present naively suggested that if the directors 
would double their interest in the concern, the public would 
have confidence and would take up shares. Yorkshire 
people have, however, been so sorely bitten lately in limited 
companies that they are now very c as to investing in 
anything but real estate. It was decided to appeal to the 
public to support the project, and unless the harbour 
works are commenced within a reasonable time, the money 
7 a have been subscribed as capital to be returned 
in full. 








MAGDALENA RAILROAD. — Messrs. Buttrick and 
Wheeler, of Worcester, Massachusetts, inform us that they 
have contracted to construct and equip the Magdalena Rail- 
road, in the United States of Colombia (South America). 
The line is to be about 33 miles in length, round the rapids 
of the Magdalena river, 500 miles from its mouth. It is 
designed to connect the navigation of the upper and the 
lower part of the river. Itis ex that the contract 
will be completed in about a year from April 1, 1879. 





Goutp MINING IN VicTor1A.—The approximate value of 
all the minng plant in Victoria in 1878, was 1,921,3151., 
and it was located as follows amongst the different districts 
of the colony : Ballarat, 381,2841. ; Beechworth, 207,273. ; 
Sandhurst, 502,1121.; Maryborough, 286,2731.; Castle- 
maine, 249,067. ; Ararat, 178,6391.; Gippsland, 116,6671. 
The number of square miles of auriferous ground actually 
worked was 1216}, of which 1584 acres were in the 
Ballarat district, 336} in the Beechworth district, 141 
in the Sandhurst district, 122} in the Maryborough 
district, 166 in the Castlemaine district, 803 in the Ararat 
district, and 209 in Gippsland. There were 3393 quartz 
reefs in the colony actually proved to be auriferous, and 
there were 19 mining shafts in the colony carried down to 
depths varying from 1000 ft. to nearly ft. 





LONDON ASSOCIATION OF FoREMEN ENGINEERS AND 
DRAUGHTSMEN.—The ordinary monthly meeting was held 
at the Cannon-street Hotel, on Saturday, the Ist inst., 
Mr. Joseph Newton, in the chair. Mr. Allen Ransome, 
and Mr. Richard C. Rapier, were duly elected life 
honorary members, and, afterwards, Mr. John Ives 
recounted his experiences of visits paid by him to the 
Foremen’s Association at Middlesbrough. Leeds, and 
Manchester, all of which he reported as in a flourishing con- 
dition, the slackness of trade notwithstanding. A pore, 
written by Mr. Henry Davey, of Leeds, was then read by 
Mr. Ives, entitled ‘‘The Steam Engine of the Future.” 
This was a rather elaborate production, but the main 
features comprised the defects of the steam engine of to- 
day, and the remedies for those defects. The former were 
summarised as follows: Ist, the ranges of temperature 
were too small; 2nd, heat is wasted by undue radiation ; 
8rd, heated is wasted by the too ready heating and cooling 
of the cylinders and piston; 4th, further waste by me- 
chanical inaccuracy, although this might not be great with 
the best constructed engines of to-day. To obviate these 
defects, the best elements of economy were, 1st, the use of 
high pressures and all legitimate expansion ; 2nd, steam 
jacketting and superheating ; 3rd, reduction of waste spaces ; 
4th, a greater amount of mechanical accuracy ; and, 5th, 
the use of non-conducting materials for the faces of 
pistons and covers, and, if possible, of cylinders also. A 
discussion, followed by a vote of thanks, terminated the 
P ings. It was mentioned during the evening that 
the anniversary festival would be held on the 15th of 








one month, and at the close there were sellers at 44s. 4d. 


There has been a good deal of shipbuilding and marine en- 





March, and that Mr. R. C. Rapier, would preside. 
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AYR DOCK. 
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NOTICES OF MEETINGS. 

INSTITUTION OF CrvIL ENGINEERS,—Tuesday, March 11th, at 
8 p.m. “Movable Bridges,” by James Price, M. Inst. C.E. 

THE Society OF TELEGRAPH ENGINEERS. — Wednesday, 
March 12th, at the Institution of Civil Engineers. Council 
meeting at 7 pm. Ordinary general meeting at 8 pm. Ad- 
journed discussion on Mr. Willoughby Smith's paper on “The 
Working of Long Submarine Cables,” and Mr. James Graves's 
paper on “Curbed Signals for Long Cables.” “Experimental 

earches into Means of preventing Induction upon Lateral 
Wires,” by Professor D. E. Hughes. 
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LIABILITY OF EMPLOYERS TO 
WORKMEN. 

One of the most important questions, so far as 
the mechanical department of the engineering pro- 
fession is concerned, in regard to new legislation, 
has been afresh raised in Parliament. It is that of 
the liability of employers for injuries to their ser- 
vants in respect to compensation. The subject has 
already been before select parliamentary committees, 
although, in 1877, Earl de la Warr was refused one 
in February of that year. Of the views arrived at 
by committees subsequently appointed we shall 
presently speak, merely for the present noticing 
that much evidence was taken on the subject, while, 
up to the present time, no practical result has been 
arrived at. 

Recently, however, the noble earl again brought 
up the subject in the House of Lasts he laying on 
the table a Bill to amend the state of the law in 
regard to the liability of employers. He stated very 
justly that the subject was one which materially 
affected a very ange body of the industrial classes 
of this country. e measure which he submitted 
would not materially alter the principle of the law ; it 
would only adapt it to the changes that had recently 
taken place affecting industrial employments. Under 
the existing law the master was personally liable 
for injury to his servant if that injury had been 
caused by his (the master’s) own negligence or by 
any want of care or precaution on his part, As 


matters now stood in regard to such large under- 








takings as mines, factories, and railways, theemployer 
himself had rarely anything, or but little, to do 
with the management of the business himself, but 

enerally delegated his authority to other persons. 

e alteration of the law proposed under this Bill 
would give workmen in the employ of a master, but 
overlooked by deputies, the same claim in case of 
accident which they would have if the master were 
attending to the work himself. The law as at 
present administered removed all the liability from 
the employer or master, and gave to the workman no 
redress beyond what he might obtain by suing the 
manager. There had grown "> further difficulty 
in the administration of the law in that respect, 
in regard to what was called common employment. 
It had been so interpreted and acted upon that the 
manager of a large business or any deputy ap- 
pointed by the employer was considered in the 
eye of the law as a fellow-workman with all 
other workmen employed in the same work. 
The Bill he submitted would afford some remedy, 
while it would not materially affect the principle 
of the existing law. Whatever might be the 
injury a workman had sustained, if that injury 
was not the result of negligence or want of care on 
the part of the manager or of any one in authority, 
he would not be able to claim any compensation. 
In reply, the Lord Chancellor stated that the sub- 
ject was one of great difficulty. After the last 
select committee, and the discussion which took 
place during the last session of Parliament, the 
Government had resolved to bring forward a Bill 
on the subject, which is shortly to be introduced 
into the House of Commons. Under these circum- 
stances, Earl de la Warr’s Bill was read for a first 
time as a matter of courtesy, and we await with 
considerable interest the views which Government 
may take on the subject in their forthcoming Bill. 

That the question is one of great difficulty is 
certain, As a rule, the law of the land makes a 
man responsible for the result of his own commissions 
or omissions in regard to duty to his fellows only. 
In former times there was the ridiculous law of 
‘¢ deodands,” by which carts, horses, or other irre- 
sponsible masses of matter were made, by their 
actual value, the subject of a fine, for personal in- 
jury to or destruction of human life, Then followed 
the law of compensations in its present limited 
extent. By this it is practically impossible for an 
operative to get compensation for injuries attained. 
In the first place, the expense would be too great, 
as, generally speaking, the action must be brought 
in one of the superior courts. And if the cheaper 
form of the county court were taken advantage of, 
the employer would certainly make it a case of 
appeal. Suppose a case of accident to occur in 
which many men were injured, a test action would 
be the result, and so enormous ex: s would be 
involved which would be utterly beyond the power 
of the workman to incur. The legal difficulties 
now existing of course remove all liability, unless 
the employer can be shown to have contributed to 
an accident directly by his neglect. But even 
supposing him to have done culpably so, how can 
the operative set the law in motion? Our readers 
will have doubtlessly perused the accounts of boiler 
explosions that have appeared in our columns, with 
illustrations, during the last few years. How many 
of these have occurred through the wilful neglect of 
masters, who, year after year, have been using 
boilers utterly unfit for the pressures at which they 
were worked. How can men injured by the explo- 
sion of these boilers stand the expenses of prosecu- 
tions in such cases ? 

On the other hand, the masters have much to 
complain of, if, without stringent limitation, they 
should be made generally responsible for injury to 
workmen. Let us first take the case of coal mines, 
which are the most prolific source of accident en 
masse. In the majority of these cases the 
neglect of the men leads totheaccident. Naked lights, 
smoking, lucifer-matches in the pocket, &c., are 
notorious as causes of fatal mining occurrences, It 
is only a short time ago that out ofover one hundred 
men who were starting the day’s work in a powder 
factory, scveral were found with lucifer-matches in 
their pockets. In textile manufactures the in- 
cautiousness of the workmen is notorious, The 
following instances came under our immediate 
notice which give illustrations of the kind. A 
youth of eighteen passed the cotton into the 
rollers of a carding engine by his hands instead of 
by the usual “ feed,” consequently the whole of the 
flesh of the arm to the wrist was at once stripped 
off. A grown-up person quietly lay down to sleep, 


hiding under a “ devil” for breaking cotton, at about 
10 in. from the teeth of a cylinder revolving 1200 
times per minute. Another instance, of a universal 
nature where steam power is employed, is that of 
shifting by the hand a strap from the loose to the 
fast pulley. In a case of this kind we remember two 
men being drawn up by the strap. One was 
smashed to pieces, while the other was strangled. 
All of our readers ged in mechanical pursuits 
would be able to multiply analogous cases arisin 
from the wilful neglect of workmen both in igied 
to themselves, and those associated with them in 
the same factory. 

Let us next turn to the question of railway acci- 
dents. It is needless to state that accidents to rail- 
way servants are terribly heavy. But we hesitate 
not tosay that the majority is the result of personal 
carelessness. It is deserving of special notice, how- 
ever, that a good deal of this carelessness is in- 
directly fostered by the railway companies them- 
selves. The companies make and print rules 
formally forbidding certain practices of their ser- 
vants, but at the same time they make traffic 
arrangements which absolutely necessitate these 
practices, and—as all familiar with railway working 
well know—they mewmy | condone breaches of 
their rules, and only bring the latter forward when 
required to shield themselves from claims for com- 
pensation. This is a state of affairs earnestly re- 
quiring attention, and should be provided for in any 
future legislation on the subject. 

We have referred to the Select Committees that 
have been appointed to consider the subject, The 
evidence eer generally tended in favour of the 
men. It is undoubted that they should have greater 
protection than the law now affords them. In some 
respects the Factory Act, which came into operation 
at the commencement of the year, provided judi- 
ciously for non-adult workers of both sexes. But 
no provision was made for adults, an amusing in- 
stance of which has lately cropped up from the fact 
that the inspectors find they have no power to 
enforce the sanitary provisions of the measure unless 
young persons work in the factory. We trust that 
the proposed legislation on the liability of em- 
ployers may have better results than such hinted at 
above. But it will require singular legal acumen, 
and great experience in factory work, to permit of 
such a result being satisfactorily attained. 





THE ELECTRIC LIGHT IN THE 
BRITISH MUSEUM. 

One of the most severe tests that has yet been 
= to investigate the practical value of the 
électric light, has been that which the Trustees 
of the British Museum have engaged in during 
the three past days of the present week. The 
almost incalculable advantages which this Read- 
ing Room affords to every class of student availing 
himself of the facilities it affords, are greatly in- 
terfered with during an important period of the year. 
From the middle of Novess r to the end of February 
it is a fortunate case for a reader to make, on an 
average, four hours daily work, Fog, snow-storms, 
and other meteorological causes frequently render 
the Reading Room of no use. About the third 
day in each week and month, contributors to 
the weekly, monthly, and other periodicals, flock in 
numbers to avail themselves of the rich literary col- 
lection of the Museum, and on numerous occasions 
in the present and past years have done so in vain, 
because the amount of light in the Reading Room 
rendered that effort useless. 

But the Trustees of the Museum have lately made 
an attempt to obviate such difficulties. It is almost 
needless to state that, hitherto, gas and other means 
of artificial light have not been used to illuminate 
it, because of the danger that might happen from 
fire. Recently, however, the electric light has been 
tried, at the instance of the Société Générale 
d’Electricité of Paris. The necessary works have 
been carried out under the superintendence of 
the company’s oy M. Berly, assisted by the 
permanent staff of the Museum. The Jablochkoff 


candles were employed, but with some improvement _ 


on the original, by which it is stated that the danger 
of the light going out is obviated. The electric 
current is obtained from a duplex Gramme ma- 
chine, driven by an engine of sixteen horse power 
nominal. The distribution of lights among the 
different reading-tables, which are face to face is 
varied. Taking the right-hand side from the main 
entrance, the first table is I, which has a light which 





illuminates Jo¢h sides of the tables. ‘There is then 
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a gap to G, which is similarly illuminated. The 
tables A, B, C, and D have each a light in the 
centre of these double tables. On the left-hand 
side, from the entrance to the Reading Room, 
nothing need be said because the gaps between 
each light simply renders them useless for the 
general purpose, and their effect, of course, 
corresponds to the gaps already mentioned be- 
tween I and G, on the right-hand side of the 
Reading Room. In the centre of the Reading Room 
is one light, which illuminates the business depart- 
ment, whence books are issued and returned to 
readers, In the front or entrance hall a light has 
been fixed, as is also one on the exterior of the 
Museum, for lighting up the main entrance. 

On Monday evening last, readers were invited to 
test the value of the light. Unfortunately, the 
illumination was very unsteady, and a continued 
recurrence of the characteristic rose-tint became 
evident at frequent intervals. On Tuesday evening 
matters seemed to somewhat improve, yet a roll of 

per placed exactly between tables C and D had 
| some time a rose-tint on the C side, and a blue 
on the D side. The effect of the shadows produced 
is, moreover, such as to render the attempt to 
illuminate the room comparatively a failure, unless 
each table be provided with a separate lamp. 





SCREW PROPULSION. 

Some interesting experiments, worthy of being 
laced on record, have recently been carried on by 
Mr. R. Griffiths, who is so well known in connexion 
with the propeller bearing his name. These ex- 
periments refer chiefly to the position of the 
screw. Of late Mr. Griffiths has entertained 
the opinion that, within certain limits, the further 
the screw is placed from the sternpost the better 
for the speed of the vessel, This opinion has been 
confirmed by a long course of experiments which 
culminated in those we were invited to witness on 
‘Tuesday last on one of the ornamental ponds in the 
Horticultural Gardens. For this purpose a small 
model vessel was used, which was 5ft. long by 
10}in, beam, with 3}in. mean draught of water. 
She was first fitted with a screw which is a model 
copy of that fitted to the Kaisar-i-Hind, which forms 
the most recent addition to the Peninsular and 
Oriental fleet. ‘This—the model—screw is an ordi- 
nary four-bladed propeller 3}in. in diameter and 
3.9 in. pitch, and is actuated by a clockwork arrange- 
ment in the boat. The propeller was first fixed in. 
from the sternpost, and with this a distance of 49 ft. 
was traversed in half a minute, A second run gave 
a speed of 50ft. in the same space of time, the 
number of revolutions being 530 in each case. The 
propeller was next placed } in. from the sternpost, 
and in three runs of half a minute each—which was 
the time of each run throughout the experiments— 
speeds of 5] ft. 50ft., and 52 ft. were attained with 
520, 530, and 530 revolutions respectively. The 
screw was then shifted l]}in. from the sternpost, 
which corresponds with the greatest screw movement 
— in the present screw opening of the Kaisar-i- 
lind. The first run gave a speed of 54ft. with 
530 revolutions, and the second 55 ft. with 525 revo. 
lutions, Finally this screw was shifted to what 
Mr. Griffiths considers the most favourable position, 
which is here 2} in, from the sternpost. With this 
arrangement a speed of 57 ft. was atiained with 


535 revolutions, thus showing a very marked | bal 


advance —— the first position, the improvement in 
the speed being equal to 16 ft. per minute. 

The screw was then removed and was replaced by 
a Griffiths four-bladed screw similar in diameter and 
itch to the one previously used, but having the 
orward edge of each blade taken off. This 
screw was first placed 1} in. from the sternpost as 
in the third experiment with the other screw, and 
the speed on the half minute run was 58 ft. with 
530 revolutions, showing a considerable increase 
upon the experiment with which it corresponds as 
regards position of screw. Te screw was next 
shifted to a point 2} in. from the sternpost, which 
Mr. Griffiths considers the best position, and two 
runs were made. The first gave a speed of 59 ft. 
and the second 6] ft. with 530 revolutions in each 
case. In the next experiment 1} in. of the dead 
wood was removed from the sternpost and the 
same (Griffiths) screw was fixed } in. from the line 
of the sternpost had it remained, or 2 in. from the 
ship. The speeds of two runs were 55 ft, and 54 ft. 


with 530 and 535 revolutions respectively. In the 
final experiment the screw was shifted 1} in. for- 
ward or } in. from the stern wood, with which ar- 





rangement the speed fell to 24 ft. with 520 revolu- 
tions. The experiments were all made under similar 
conditions as regards the vessel and the wind, and 
any questionable runs were repeated. The results 
so far confirm most singularly Mr. Griffiths’ theory 
as to the proper position for the screw propeller. 
Should practice be found to coincide it will certainly 
result in an economy of fuel and power. Mr. 
Griffiths holds that the width of the screw opening 
should be equal to two-thirds the diameter of the 
screw, and that the screw should be placed aft 
against the rudder-post, The results of the experi- 
ments point to the correctness of this opinion, 
and we hope it will be found that practice will con- 
firm the experiments, which certainly open up a 
new field for speculation in connexion with the 
screw propeller, Mr. Griffiths undoubtedly deserves 
credit for this, as a new development in screw 
propulsion, 





DR. GEISSLER. 

Scrence has recently lost a valuable worker in the 
person of Heinrich Geissler, of Bonn. We do not 
mean to say that Geissler was a man of transcendent 
attainments. He did not possess the talents that 
go to make up a Thomson, a Clausius, or a Helm- 
holtz ; but he was, withal, a good sound physicist, 
a skilled contriver, and excellent manipulator. His 
name is not associated with any remarkable original 
investigations; he scarcely had the time for that, 
having to solve a multitude of physical problems in 
the shape of the practical difficulties which con- 
stantly present themselves in the construction of 
new instruments, He has achieved for himself a 
distinguished reputation for the excellence of his 
workmanship, by which he has largely contributed 
to some of our recent advances in science and 
especially in molecular physics. 

Heinrich Geissler was born in Ingelshieb, in the 
duchy of Sachsen-Meiningen, in the year 1814. His 
parents were not in affluent circumstances, and he 
was, therefore, obliged to qualify himself, at an 
early age, for some trade or profession that would 
enable him to provide for his most urgent wants, 
He accordingly took to glass-biowing. When he 
had mastered the art, he wandered about the uni- 
versity towns offering his services to the directors 
of physical laboratories. He was found to be an 
expert worker, and his ramblings proved sufficiently 
remunerative to enable him to settle down for him- 
self at Bonn. Here he opened his little afe/ier, 
and did a prosperous business, owing in great part 
to the patronage of the University. 

As he was proficient in the use of the blow-pipe, 
he devoted much attention to the construction of 
tubes for the exhibition of the varied phenomena of 
the electric discharge in highly rarefied air. In this 
branch of scientific manufacture, he attained great 
eminence. The excellence of his workmanship was 
universally acknowledged, and it secured for him, 
during many years, a well-deserved monopoly. In 
fact, the vacuum tubes were commonly called, up to 
recent times, Geissler’s tubes. 

The enterprising physicist had many difficulties 
to encounter in dealing with so subtle an agent as 
air; and, in his endeavours to overcome these, he 
was led to devise several important instruments of 
great utility and delicacy. Such, for instance, are 
his mercury-pump, his normal thermometer, and his 
ances, 

But Geissler also loved science for its own sake. 
It is true he was not an enthusiast; he never 
rushed to work. No stories of fitful application are 
told of him, he never strained nature to the yielding 
point. Tolook at him, was enough to make sure 
that he possessed all the cool steadiness and patient 
endurance of his race. 

Of the few original investigations that he under- 
took, the more valuable are those which he carried 
on in conjunction with Pliicker. In 1852 he studied, 
in @ very ingenious way, the varying density of 
water, finding it to be a maximum at 3.8 deg. Centi- 
grade. He also determined the coefficient of ex- 
pansion of water, stating it to be, at 0 deg. Centi- 
grade, .09195. To him chemistry is indebted for 
a method of preparing the red variety of phosphorus 
from the ordinary kind by means of an electric 
current. 

‘The merits of Geissler were early acknowledged, 
still it was not until a few years since that the faculty 
of the University of Bonn conferred upon him its 
Ph.D. degree. This academical honour was a tard 
but well-deserved recognition of twenty-five years 
of most serviceable work. 








DISAPPEARANCE OF THE THERMAL 
SPRINGS AT TEPLITZ (BOHEMIA). 
By L. Haunis. 

On the 13th of February last the famous thermal 
springs at Teplitz, which have been known to flow 

ough a period of a thousand years, sudden] 

disappeared, As the baths of Teplitz have a world. 
wide fame, being visited by great numbers of 
foreigners, especially Englishmen, the loss of these 
springs is of more local interest, and we think, 

erefore, that a short account of the facts connected 
therewith may not be out of place in ENGINEERING. 
A more detailed report shall be given hereafter, when 
the works at present undertaken to recover the 
springs have been finished, and when all the circum- 
stances of the case will be better understood. In 
the mean time the present article may serve as an 
explanatory supplement to the general notices, which 
surely have found their way into the newspapers, 
Before describing the catastrophe itself, we may give 
a general sketch of the locality. 

The town of Teplitz* is situated near the north- 
eastern boundary of Bohemia, below a range of 
mountains called in German ‘“ Erzgebirge” and in 
Bohemian ‘ Krushné Hory,” which separate 
Bohemia from Saxony. The original Slavonic popu- 
lation of this part of Bohemia disappeared long 
ago and the present inhabitants of Teplitz are almost 
exclusively Germans. Together with its suburbs 
‘‘Schénau” Teplitz has about 900 houses, with a 
resident population of some 12,000 persons. The 
inhabitants depend for their living chiefly on the 
gathering of foreigners who come to Teplitz from 
all parts of the globe, to regain their lost health by 
the use of the hot waters springing from the interior 
of the earth at Teplitz as well as at Schonau. Hence 
it will be understood that the disappearance of 
these springs is a very serious matter to the popula. 
tion of the town. The importance of the springs may 
be judged by the fact that in 1872, 10,176 parties 
(not persons) visited the town, the number of 
visitors steadily increasing from year to year. 
The thermal springs of Teplitz are said to have 
been discovered in the year 762 B.c., and certainly 
their medical efficacy was known at a very early 
period, but the first real bathing house was not 
erected before the sixteenth century. 

The general geological features of the country 
are as follows: The Erzgebirge, which extends 
in a north-eastern direction almost in the immediate 
vicinity (to the north-west) of Teplitz (vide Fig. 1), 
consists chiefly of gneiss and granite. On the 
Saxony side the Erzgebirge mountains descend with 
a gentle slope, and the gneiss there disappears below 
a series of Jurassic strata. On the Bohemian side, 
however, the mountains show an abrupt fall, and 
bear ample evidence of having been repeatedly 
raised. ‘lo the south of Teplitz extend the exten- 
sive brown coalfields of north-western Bohemia, 
their strata resting, near Teplitz, on the chalk for- 
mation, whereas more to the west the beds of brown 
coal are deposited directly on the gneiss of the 
Erzgebirge. In the vicinity of Teplitz the rag and 
sandstones of the chalk formation, before men- 
tioned, together with the superposed strata of the 
brown coal formation, are separated from the gneiss 
by an eruptive vein of porphyry extending along the 
foot of the Erzgebirge. 

The whole country is traversed by numerous fis- 
sures and faults, there being two principal sets of 
these, one set, parallel to the mountains, having a 
north-eastern direction, while the other set is at 
right angles to the first. The hot springs of 
Teplitz arose from a fissure of the first set (travers- 
ing the porphyry), those of Schénau springing 
from a fault of the second class, Thus it may be 
explained that whereas the springs of Teplitz have 
oY those of Schénau have remained as yet 
unaffected.t , 

The various springs of Teplitz yielded a daily 
quantity of about 300,000 to 400,000 gallons of 
water, showing a temperature of 115 deg. to 122 deg. 
Fahr. The Schénau springs give much less water, 
viz., about 84,000 gallons daily, its temperature being 
102 deg. to 110 deg. Fahr. ‘The level at which the 
chief springs of Teplitz discharged their water was 
some 203 metres (649 ft.) above the Adriatic, while 


* Teplitz, or rather Teplice, derives its name from the 
Bohemian (and generally Slavonic) term teply (warm), and 
there are many p in Austria and the adjoining countries 
which are ed ‘* Teplice’ on account of their warm 





springs. 
y Py Only something like a tidal motion has been observed 


in them, their level vibrating through a space of about 


8 in. every six hours. 
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APPARATUS FOR THE SYNTHETIC EXAMINATION 


the Schénau spriogs are somewhat less elevated 
(190 m. = 623 ft.) 

It may be mentioned that at Loorch, rome eight or 
nine miles to the west from Teplitz (Fig. 1) another 
discharge of hot water is situated. It is called the 
‘Giant Spring,” and yielded a dail quantity of | 
about 400,000 gallons ‘at a level of 212 metres 
(695.5 ft.) above t 





(For Description, see following Page) 
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diminish about a year ago, and now the spring 
has disappeared altogeth+r.* 

In the vicinity of ‘Teplitz, collieries are established 
in great number, and there are within 16 miles 


from it some ninety coal pits. Five of them, 





* This spring probably arose from the same fissure as 


he Adriatic. Its flow began to | the thermal waters of Teplitz. 
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situatid about 12 miles to the west of Teplitz 
(Fig. 1) are of special interest to us, ‘Their names, 
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together with the chief data referring to them, are 
given in the following Table : 
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o3 
aE |. g 
224 &2 P 2 
aa & per 
Name of Pit. Owner of the Colliery.) io |_3 .| & a 
OS [See] : 
#2o i 3 2 
Ss \ees| 2 | 22 
4 8 ls 3< Bag 
m* iz A Or 
| m. m. jyards.| tons 
Nelson’ ,,,.Mr. W. Reffeen, Tep- 
Mie? an ons «+»/220.70| 84.88| 148 | 21,871 
Progress ,,,'Messrs. Tanssen and| 
Mayer ... oe .+/ 207,20 |136,16| 77- | 80,578 
Victorin ,,./Mr. Victorin, Melnik ,,.|225.55/150,68| 82 |100,966 
Dillinger ,,.|/The Warnsdorf Com-| 
vany ... oe «+. 219.70 166.15 | 58 |121.866 
Gise'a _,../Mr. Bail, Aussig .++'230,18 (161 23| 75 | 50956 
| 





* Mr. Reffeen is an Englishman, who came to Bohemia about 
sixteen years ago as a miner. 


The relative depths of tKese pits, as well as the 
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must be understood that the three pits, Nelson, 
Progress, Dollinger, have acommon pumping en- 
gine erected in the Nelson pit, the three shafts being 
connected by cross cuts. ‘This has been indicated 
in outline in Fig. 2. The narrative of the catastrophe 
is as follows: (n the 10th of February, at 2 p.m., 
some miners working in one of the deepest parts of the 
Déllinger Colliery, struck a water vein, the water 
rushing immediately afterwards into the pit. It is 
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said that the disaster aaee when the miners had 
reached the porphyry adjoining the coalfields. The 
water poured in vehemently, and very soon filled the 
three pits connected together, so that the Dollinger 
pit at 5 p.m. was filled to about 14 yards above the 
pit bottom. By this catastrophe twenty-three lives 
were lost, and as the mines were totally drowned 
hundreds of miners were without employment, 
Very soon the water began to fill also the adjoining 
pits Victorin and Gisela, The steam pumps were 
quite insufficient to grapple with the mighty inrush 
of water, and so the water level in the five pits went 
on constantly rising. 

Three days after the first outbreak of the water 
(February 13) the level of the chief spring at Tep- 
litz (the ** Original”) began to sink to an alarming 
extent, and during the day its surface was lowered by 
ayard. Simultaneously the temperature of the water 
in the pits was found to increase, becoming as much 
as 70 deg. Fabr. A general panic prevailed at Teplitz, 
the theatre was Souk and all public entertain- 
ments were stopped, During the succeeding days all 
springs at Teplitz began to disappear, showing 
before their disappearance a decrease of tempera- 
ture, and very soon they were lost altogether.* On 
the ]6th all pumping in the pits was stopped by the 
mining authorities, as it was hoped that the springs 
would reappear, when the water in the pits should 
have reached a higher level. ‘The water in the pits 
went on increasing accordingly, but the springs did 
not reappear, and on the 19th ult. even the ordinary 
water in the wells in and around Teplitz began to dis- 
appear. 

As has been indicated above, the Schénau springs, 
although in the immediate vicinity of Teplitz, con- 
tinued to flow; on the other hand, the “ Giant 
spring,” at Loosch, rising from the same fissure 
as thesprings of Teplitz, partook of the disappearance. 
It is impossible to describe the panic which reigned 
during those days in Teplitz, and which has even yet 
scarcely subsided. The saving bank especially had 
a hard time of it. 

At last the experts,t summoned to the place of 
disaster, recommended the ——_ of a shaft in the 
vicinity of the original spring. It is hoped that in 
a depth of about 20 metres or less below the surface 
the spring will be met with, and that the hot water 
raised by a pumping engine will be available during 
the approaching season. Accordingly, the sinking of 
this shaft was begun on Saturday the 22nd ult., with 
a little theatrical effect, and after a solemn service 
in the churches and temples of all denominations, 
At the same time Count Clary, who is the owner of 
some of the springs, has set to work at another 
spot, sinking also a shaft, much to the discontent 
of the inhabitants, who consider the sinking of 
this second shaft detrimental to their own under- 
taking. Similar works were begun at Loosch, but 
they were stopped again. 

The inrush of water into the pits was at first ex- 
ceedingly powerful, and the quantity which poured 
into the three connected shafts during the first 
two days (10th and 12th ult.) has been estimated 
at above 100 millions of gallons (or hundred times 
the yield of the Teplitz springs). The pits once 
filled, the water rose but slowly, and between the 
12th and the 18th only about 136,000 gallons entered 
the three pits. But whereas the inflow of water 
was steadily decreasing in the Dollinger, Progress, 
and Nelson pits, the water rose more uniformly in 
the Gisela and the Victorin pit, its level, however, 
being much lower than in the pits named first. 
Fig. 2 shows the respective water levels on the 16th 
and the 21st ult., and as at this latter day it was re- 
ported that the level in the three connected pits 
seemed to fall, it may be judged that the water is 
making now its way from the three first-named pits 
into the two others. 

From the large quantities of water contained in 
the pits, as well as from its comparatively low 
temperature, it may be inferred that the chief mass 
consists of surface water drawn from the sands of 
the coalfields. Probably by the mighty movement 
of these heavy masses of water the protecting cover 
of the hot springs was broken and the hot water 
found its way into the pits. [f this be true (it may be 
~# One instance of a» momentary disappearance of the 
springs has been recorded in the eighteenth century. At 
the same time when Lisbon was destroyed by an earth- 
quake— November 1, 1755—the springs of Teplitz suddenly 

isappeared, but only for a few minutes. Immediately 
afterwards they returned, it is said, muddy and dis- 


coloured. 
+ Professor Laube, of e; Professor Suesz, of 


Vienna; Mr. Zsigmondy, of Pest; and Mr. Wolf, of 








as well so as otherwise) the water which will be met 
with in the shaft, now in course of being sunk, will 
probably be mixed with cold surface water which, 
of course, would be detrimental toits medical value, 
It seems, therefore, that the only remedy would be 
to close in some way or other that aperture, through 
which the hot water has found its way into the 
tertiary strata, and by which a communication 
between the mineral springs and the surface water 
has been established. Whether this will be possible 
we are unable to say, but it is desirable, not only re- 
specting the Teplitz springs, but also from the 
standpoint of the owners of the collieries; for it is 
evident that the pits must remain drowned if the 
Teplitz springs are to be used without the said 
aperture being closed. 

Possibly we may be quite wrong in these infer- 
ences,* as the data, which are available at this 
moment, are very uncertain indeed, and we shall be 
glad if the result should disprove our present views. 
We most heartily hope that the springs may be 
regained in their original extent and form for the 
benefit of all who want them, but at the same time 
we cannot close our eyes before what appears to us 
to be a serious difficulty. 

Curiously enough, almost simultaneously with the 
Teplitz disaster, the water broke into the salt mines 
of Wieliczka (Galizia), and the newspapers had 
much to say about some disturbance having happened 
in the interior of the earth, the more so, as at the 
same time many landslips occurred in various places. 
There is, however, no necessity to attribute all this 
to general intraterrestrial causes, as landslips espe- 
cially are of very common occurrence at the begin- 
ning of the spring. 





THE “THUNDERER” EXPLOSION. 
Durine the past week the public have, through 
the medium of the daily press, been placed in pos- 
session of copious extracts from the report of the 
joint commission appointed to examine into the 
causes of the recent explosion of the 38-ton gun on 
board H.M.S. Thunderer, and every one is now 
familiar with the conclusion at which the Committee 
have arrived. The data and evidence upon which 
that conclusion is founded are not, however, yet 
available for examination and analysis, and under 
these circumstances we do not propose at present 
to add anything to the remarks which we have 
already made upon the verdict of the Committee, 
As soon, however, as the complete report of the 
evidence is available we shall re-open the subject, 
and give it that attention which its importance 
deserves, 


FOREIGN AND COLONIAL NOTES. 
Steel Rails for the New York, Lake Erie, and Western. 
—The New York, Lake Erie, and Western Railway 
Company has closed contracts for 25,000 tons of steel rails, 
divided among various mills in the States of Pennsylvania 
and New York. The contract prices are about 41 dols. 
per ton at the mills. 

Iron Bridges on the Boston and Albany Railroad.— 
In the course of the year ending September 30, 1878, 
fourteen new iron bri of an ate length of 859 ft. 
were built upon the Boston and Albany Railroad in the 
place of old wooden bridges taken down. Seven of the 
shortest were rolled beam, and the other seven were 
diagonal truss bridges. The total cost of the bridges was 
64,257 dols. 

Steel Rails on the Boston and Albany Railroad.—In the 
course of the year ending September 30, 1878, rather more 
than 21 miles of steel rails were laid on the Boston and 
Albany Railroad. The cost of these rails, after deducting 
the value of old iron rails taken up, was 21,080 dols. The 
whole length of steel rails now laid on the main line, 
branches, and sidings is 416% miles. On the main line there 
now only remain 44 miles of iron rails and 1{ miles of steel 
top rails to be replaced with steel. 


Westphalian Coal.—At one period of last year West- 
phalian coal brought less than one-third the maximum price 
which it realised in 1874. 

The Unicorn Line.—On a recent day three steamers of 
the Unicorn line were loading for Europe at the wharves 
of the New York Central and Hudson River Railroad, 
one for Hamburg, one for Liverpool, and one for London. 
The vessels will carry between 6000 and 7000 tons of mis- 
cellaneous freight. 














Tue Socrety or Arts.—The Council of the Society of 
Arts, at their meeting on Monday last, elected Mr. H 
Trueman Wood secretary, in the place of the late Mr. 
Le Neve Foster, whose death we announced in our last 
issue. 
* We just learn that in a depth of about 3 yards (in the 
shaft now sinking) the earth has been found warm and 
vapours are issuing from it. This is considered a good 
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indication of the entire recovery of the hot water. 


PHOTOGRAPHIC REPRODUCTION. 

Accorpine to the ordinary process of reproducing 
linear drawings on paper by the aid of photography, the 
lines of the drawings are developed in white ona blue 
ground with a result which is sometimes very imper- 
fect as regards distinctness, especially in the case of 
complex subjects. anew process of a similar cha- 
racter, which has recently been brought under our notice 
the reverse results are obtained, the subject appearing in 
dark blue lines on a white ground with a clearness which, 
so far as regards the reproductions we have inspected, 
leaves nothing to be desired on the score of firmness of 
line, and clearness of reproduction, nor indeed on any 
other score. It is the invention of M. Pellet, of Paris, 
and is being introduced in this country by Mr. G. KE. 
Chapman, of 113, Victoria-street, Westminster. In car- 
rying out this process of reproduction a prepared sen- 
sitive paper is used, which is technically known as papier 
cyanofer. Over a sheet of this paper is laid the drawing 
to be reproduced, which must be on either tracing paper 
or cloth in order to permit of the passage of the light 
through it where the lines do not occur. After an ex- 
posure of the drawing, thus arranged, to the light fora 
longer or shorter period according to the time of the year, 
and the condition of the atmosphere, the sensitive paper is 
taken from the frame in which, with the tracing, it has been 
held, and it will be found that under the action of the light 
the ferric salt in the prepared paper has been reduced to 
ferrous salt. This latter is not affected by the applica- 
tion of a solution of yellow prussiate of potash, whilst 
those portions of the sensitised paper which have been 
been protected by the lines of the drawing are coloured 
by it. Therefore, upon treating the paper in a prussiate 
bath the drawing is at once rendered visible, and comes 
up in dark blue lines, the ground being perfectly white, 
After the subject has been developed in the prussiate 
bath, the sheet of reproduced drawing is well washed in 
water, after which all traces of the protosalt of iron are 
removed in a bath acidulated with hydrochloric acid. 
This increases the whiteness of the paper and the depth 
of colour of the lines. The result is a positive fac-simile 
of the original drawing, which can be coloured in the 
usual way. The process is stated to be very much more 
rapid, and no more costly than any other, and it has the 
advantage of not requiring a dark room, whilst it can be 
worked in all weathers, Itis in considerable use all over 
the Continent, and has already been adopted in England 
by the Government, some of our leading engineers, as 
well as by several railway companies. 





THE EXAMINATION OF VOWEL SOUNDS. 
By W. H. Prerce and Auaustus StTRou. 
On the Synthetic Examination of Vowel Sounds.* 

1. The authors of this paper have devoted much time 
during the past twelve months to a study of sonorous 
vibrations and the reproduction of speech. The invention 
of the phonograph has proved a great stimulus to this 
study. Many have worked in the same field, and many of 
the facts elicited by the authors have been anticipated by 
those who have been able to give more continuous study to 
the subject. Nevertheless, the mode of inquiry, the appa- 
ratus employed, and the results obtained are thought to be 
of sufficient novelty to justify their being brought before 
the Royal Society. 
2. The curves traced by the vibrating discs of the phono- 
graph on tinfoil, whether examined microscopically or re- 
ee by a species of pantelograph, were soon found to 

insufficiently delicate to give the nicer shades of sound, 
and to fail to indicate the true curve of vibrations in all 
cases. This is shown by the imperfect reproduction of 
speech by the phonograph itself ; the merging of the labial 
and dental sounds into one another, and the absence of all 
the sibilants and generally of the ‘‘ noises’’ of speech. The 
phonograph is in reality a very imperfect speaker, and it 
requires the aid of much imagination and considerable 
guessing to follow its reproductions. It produces music 
with wonderful perfection, but it fails to reproduce most 
of the ‘‘noises’’ of which speech is so largely made up. 
The telephone is also defivient in this respect, though to a 
much less degree. 
3. The first object of the authors was to find a disc which 
would vibrate to the finest shades of sonorous vibrations, 
and which would be free from those characteristic and 
** personal” partials which are nearly a from all 
vibrating discs, and which interfere with their true action. 
After ianumerable experiments, on almost all known forms 
and substances, a stretched membrane of thin india rubber 
rendered rigid by a cone of paper, was found to give the 
best effects. Such a disc was applied to the telephone and 
the phonograph with fair results, and the apparatus shown 
in Fig. 1 (see e 200) was then constructed to record its 
vibrations. To the centre of the cone a b, shown in perspec- 
tive and section in Fig. 1, which was placed in a mouthpiece 
similar to that of a phonograph, was attached an extremely 
fine glass tube g, which acted asa pen. The ink employed 
was aniline dye, and it was drawn through the pen by the 
very slight friction exerted between its point and the paper- 
The paper p on which the curves were to be drawn was the 


| broad band frequently used for telegraphic purposes, and 


it was drawn under the pen by mechanism similar to that 
used in the Wheatstone automatic telegraph apparatus, at 
a seed which could be varied at will from 1 in. to 18 in. per 
second. : 

4. In this way curves were obtained illustrating the 
sonorous vibrations due to the tones of speech, but their 











* Paper read before the Royal Society. 
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was not so perfect as could have been wished, due to 
ao genes of the disc, as well as, perhaps, to the 
friction of the pen failing to indicate the higher upper 
partials. i " I 
the variations of air pressure in front of the lips; run at a 
high speed it records both air pressure and sonorous vibra- 
tions. It thus combines the functions of Barlow’s logo- 
graph and Leon Scott's phonautograph. 

5. It is intended in this paper to confine our observations 
to those facts illustrating vowels sounds, a graphic repre- 
sentation of which, drawn by the new phonautograph, is 

xhibited. 
° 6. Helmholtz’s theory of vowel sounds is this: Vowels 
are compound musical tones, or resultant sounds formed 
by the combination of certain components or simple tones 
called partials. The first partial, which determines the 
pitch of the whole, is called the prime, and the others its 
upper partials. The partials depend upon the reinforce- 
ments due to the cavity of the mouth. They donot depend 
upon the pitch of the prime alone, or on the grouping or 
harmony of the partials alone, but on both. The ear must 
distinguish each component ; it must recognise the kind of 
cavity producing the reinforcements, and therefore it de- 
termines the different vowels. This theory has been partl. 
confirmed recently by Messrs. Fleeming Jenkin an 
Ewing, by an analytical examination of phonographic 
tracings, fully described by them in a paper read before the 
Royal Society of Edinburgh. 

7. The principal vowel sounds are: 


Ah, asin ... oe re oe ath 
A 99 oes oss eve ove a 
E - ose hea ais he 
oO a old 
00 


oes ons oe ove good 

There are several others which are modifications of these 
five, such as uh as in gut; & as in bad; awas in law, &c. 

The diphthongs are : 

i which is compounded of ah and e. 
u a Pe e and oo. 
y ‘9 ” 00, ah, and e. 

8. The cavity of the mouth changes during the articula- 
tion of these diphthongs—it remains constant during the 
articulation of vowels. It is thought that the influence of 
the first emission of breath in distinguishing the character 
of the vowels has been lost sight of, and that in addition 
to the influence of the cavity of the mouth, some allowance 
must be made for the increment and decrement of the 
sonorous vibrations, as well as for the variation of air 
pressure at the commencement and completion of a vowel 
sound. Helmholtz has acknowledged theinfluence of these 
operations in consonants and compound musical tones 
generally, but he has not considered them in vowel sounds. 
The curves show what an essential feature they bear on 
vowel sounds. 

9. The manner in which vowel sounds blend into each 
other is strikingly shown in the way in which different 
dialects deal with different vowels. Thus, what a London man 
calls subject a Lancashire man calls soobject ; a Londoner 
says Ménchester, a Lancashire man Mawnchester, a 
Scotchman Monchester. Under is often pronounced Onder. 
We need not, however, examine different dialects to dis- 
cover this curious blending of vowel sounds; it is found in 
inhabitants of the same district to a greater or less extent. 
Thus with the word Manchester, Londoners ofter say 
Menchester, Manchester, or Marnchester. In every case 
which the authors have investigated, this change of vowel 
sound, due to dialect, is simply on to the shifting or lower- 
ing of the upper partials. 

10. The order of the principal vowels, which is given 
above, does not follow any theoretical principle. It would 
seem that a better order to follow would be one dependent 
on the pitch of the partials as given by Helmholtz. 

As ose a 


tc oon Oo ae 
aw—(law). 
3. se ae oe: 
& —(bad). 


a 


Sl as 


All the subsidiary vowels, such as uh, aw, 4, take up in- 
termediate positions in this scale, so that, in fact, we may 
say that there is a vowel spectrum, in which the different 
sounds merge into each other by almost imperceptible 
gradations, and hence, probably, the difference in dia- 
lectical pronunciation. 

11. In the following investigation, a method opposite to 
that of Messrs. Fleeming Jenkin and Ewing has been 
adopted, i.e., the question has been attacked by the method 
of synthesis. It has been assumed that vowels are com- 
pounded of a prime sound and certain upper partials, and 
the number of these partials has, for convenience, been 
taken as 8, although there are many more. Indeed, we 
have taken in some cases, the 10th, 12th, and 16th. Now, 
since each partial can be considered as a simple harmonic 
curve, if we assume the pitch of a prime to be constant, 
then it would be possible, by means of a machine, to repre- 
sent and vary each partial in phase and in amplitude. For 
this purpose an instrument was constructed, which we call 
“the synthetic curve machine,” in which a number of 
toothed wheels, A, B, C, D, E, F, G, H, &c. (Figs. 2 and 3, 
page 199) are mounted on steel pins or axes rigidly fixed on a 
board, so that they will revolve together, and the numbers 
of their teeth are so calculated that during one revolution 
of the wheel A, B will make two, C three, D four, E five, 

six, G seven, H eight revolutions, and so on. The 
wheel I has, on its prolonged axis, a small crank, by means 
of which the whole system of wheels can be rotated. On 
the same axis is a pinion I', gearing into the wheel J, 
which, by means of a chain T, gives motion to a sliding 
table R. Each head of the pins on which the eight wheels 
revolve, has, in its centre, a small pit or hollow, in which 
rest the pointed ends of eight steel rods (one of which B/ 
only is represented in Fig. 4), held in position by eight 


Run at a slow speed, this instrument records | B 








springs b, To the rod on the wheel A is attached, near 


its point, one end of a silken thread b’, ing over the 
roller N’, the other end being attached to the rod on wheel 

. The rods on wheels C and D, E and F, Gand H are 
similarly connected. The four rollers N are mounted on 
two levers U and U', and these are connected by links to 
the lever V, which is finally linked tothe lever P. This lever 
P is pivoted at, and by means of the spiral spring S kee 
the levers, links, and silk threads in a state of tension. On 
the longer ends of the lever P is pivoted another lever O, 
which carries at its shorter end a small counterbalancing 
weight W, and at its longer end a glass pen Q containing 
suitable ink. On the table R is placed a piece of paper or 
smoked glass, which is held there by two spring clamps. 
Each of the eight wheels has on its face a number of small 
holes or pits, into which the points of the rods B’ can be 
placed, and these are arranged in eight rows radiating from 
the centre. When one of the rods, for instance that be- 
longing to the wheel B, is placed in position B”, as indicated 
by the dotted lines, and motion is given to the wheels b 
means of the crank on the axle belonging to the wheel 
the cranklike movement of the rod + will, by means o! 
the silk thread b’, roller N’, levers U, V, an O, cause the 
pen Q to move to and fro with simple harmonic motion, 
while the table R will move longitudinally, the pen thereby 
writing on the paper a simple onic curve. This can 
be done with each of the eight rods separately, the result 
being in each case a simple curve. Should, however, two 
or more rods be placed on the faces of the wheels, the 
result will be a curve compounded of the sum of the 
several simple curves. In order to increase or decrease the 
amplitude of a curve, the steel rods are placed further 
from, or nearer to the centre of the wheels. Difference of 
phase is obtained by shifting the rods to the different rows 
of holes on the face of the wheels. Three additional 
wheels, K, L, M, have been fitted, making 10, 12, and 16 
revolutions respectively, to one turn of the wheel A, and 
the rods belonging to neighbouring wheels are so oo 
that they can be borrowed for the use of these smaller 
wheels, if desirable. 

12. Besides assuming the pitch to be constant, it has 
also been assumed that each octave of the partial, to main- 
tain equal loudness of sound, must diminish one-half in 
amplitude as it rises. Thus the 

First octave is } the amplitude of the prime. 

Second ” ” ” 
Third ” $ ” ” ” 

Fourth _,, 1s ” ” ” 

The intermediate notes, such as the third and the fifth, 
decrease in intermediate ratio. 

13. This instrument enables us to form synthetically all 
the curves produced by vowel tones, and to show how these 
tones are compounded of primes and harmonic upper 
particles. It shows how simple tones can be produced b: 
simple harmonic curves, and compound tones by the simul- 
taneous action of several simple tones. 

The following figure (Fig. 5) shows the simple harmonic 
curve produced by each wheel, and several examples of 
curves formed by different components. In this way curves 
have been reproduced as shown in Fig. 6, representing the 
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vowel sounds based on Helmholtz’s theory, as indicated by 
Mr. Ellis in a tabular statement, at page 181 of his trans- 
lation of Helmholtz’s work. 
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14. [It is worth remarking parenthetically, that one 
interesting fact arising from the operation of this machine, 
was that curves could be so constru as to give a stereo- 
scopic effect. One curve was drawn simple, and the other 
drawn in the same line—at the proper distance from it to 
fit a stereoscope—was made compound, by the addition of 
a partial of low amplitude. The result of the combination 


by the eye in a stereoscope of these two curves, was to 
emmy a perspective effect. By this means curves have 

mn drawn which interlace amongst each other, givi 
stereoscopic effects in a manner which is unique pe 
interesting. This has no bearing whatever on the investi. 
gation, and is only adduced as a scientific toy arising out 
of the inquiry. 

15. Having thus studied the formation of vowel sounds, 
and having a means to reproduce the compound curves 
which graphically represent the motions which the air 
particles assume under their influence, the authors deter- 
mined to try to reproduce these vowels by superimposing 
partials on to a given prime. 

Since vowels are produced by a prime and its upper 
partials, and as the upper ials diminish so rapidly in 
amplitude, the idea arose that these vowels might be repro- 
duced by sounding a prime and one of its partials alone. 
This was done by means of an electro-magnet E, Fig. 8, 
page 202, vibrating an armature A witha movable spring 8 
attached to it in sucha way that the vibrations of the arma- 
ture could produce a given prime, while the vibrations of the 
spring, by varying its length, could also be adjusted to any 

cular ° 

16. The result was to verge j reproduce the principal 
vowel sounds, but the effect not being by any means per- 
fect (due to the absence of the other upper ials), a 
machine was made on the principle of the synthetic curve 
machine, which would, instead of drawing curves on paper, 
reproduce eight partials by transferring the vibrations of 
the intermediate wheels to a vibrating diap . This 
machine consists of eight wheels fixed on the same axis, the 
periphery of the wheels being cut into teeth of such a 
number as to represent the eight partials. Each tooth is a 
simple harmonic curve, and each wheel represents one 

ial. The axis can be rotated by a crank at any given 
velocity. By depressing a key a om be brought 
into con with the edge of eac wheel, and-be tons 
vibrated. The vibrations of these springs are transferred 
je cords and intermediate linking to a diaphragm of 
ebonite, see Figs. 4and5. Each spring can be depressed 
7 or simultaneously with others, and the disc will 
vibrate to the resultant effect of all the vibrations. Thus, 
notes and chords can be sounded. 

17. Here again, though the vowels were fairly repro- 
duced, something was wanting in their clearness. This 
instrument proves to be an excellent siren, and all the facts 
illustrated by the apparatus of Cagniard de la Tour and 
others can be equally illustrated by it. Moreover, it forms 
the basis of a new musical instrument which there has been 
no time as yet to mature. 

18. In the hope of getting more perfect definition, 
another machine was now made upon which discs were 
fitted, whose ——— were cut in exact copy of the 
curve produced by the synthetic curve machine. These 
curves were transmitted by vibration to the receiving dia- 
phragm of a phon hh, and really formed an “ auto- 
matic ny ay oF he automatic eon ph consists 
of an axle A, Fig. 9, (see 202), about 6 in. long, one 
end of which carries a fi B, and the other end a 











grooved pulley C, round which a band or gut passes from a 
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driving wheel D, fitted with a crank handle E. On rota- 


ting the driving wheel, the long axle is caused to make 
about three revolutions to one of the wheel. 

On the long axle are placed, in such a manner that they 
can easily be removed and replaced by others, a number of 
brass wheels or discs a, a, a, a, the circumferences of which 
have been cut by a machine especially devised for that 
purpose into the different curves corresponding exactly to 
the curves obtained by the synthetic curve machine, but on 
a much reduced scale. Re 

A diaphragm G with spring and frame H, similar to that 
in a phonograph, is so fitted that it can be shifted from 
one disc to another, and the sounds produced by the diffe- 
rent curves can be readily com The number of 
periods or resultant vibrations os each wheel or 
dise has for convenience been taken at t . Thus, when 
the driving wheel is rotated about twice per second, 180 to 
200 vibrations are caused, resulting in a note at f or g in 
the musical scale. 

A number of combinations of curves has been cut on the 
circumferences of the brass dises, representing each vowel 
sound with certain variations of the partials, as experience 
determined. These discs were then placed on the axle, and 
the sounds most resembling the vowel sounds of the human 
voice were easily recognised- 

19. In this way it was found that from about f to b in 
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the musical scale, the sound oo consists mainly of the first 
partial or prime. But to maintain the oo character descend- 
ing the scale, the second and third partials became slightly 


necessary. 

20. The prominent partial in the vowel sound O at the 
same pitch is the second, while the first can be reduced 
considerably. The third and fourth partials have to be 
used as the sound descends the scale, otherwise what is O 
at say 6 flat, will become oo an octave lower. 

21. The vowel sound ah is the easiest to reproduce. It 
consists chiefly of the third, fourth, fifth, and sixth partials 
at the above pitch, the first and second partials being only 
slightly represented. A little more prominence to the 
second, third, and fourth partials will result in aw, while a 
ae ah is obtained by increasing the amplitude of the 
fifth and sixth partials. 

22. A very food and full ah is obtained by having all the 
partials equally represented, from the first to the eighth : 
and this really probably takes place when the human 
voice pronounces this vowel, as, in so doing, the mouth 
cavity is fully o , 80 as to favour most of the partials. 

. The vowel sounds 4 and ee, when reproduced by most 
of the ordinary phonographs, resemble respectively more 
o and oo. Also the curves for a and ee, obtained by 
the phonautograph, resemble those for o and oo. This 
shows, in the first instance, that neither instrument is 
sensitive to the higher upper ials ; and, secondly, that 
the lower partials for a must be similar to those in O, and 
the lower partials for ee must be the sameasin 00. To 
prove this, two discs were cut, one with a curve composed 
of the first, second, and eighth partials, and the other of 
the first, third, and eighth — The former, when 
nag produced a sound like ee, and the latter more 
ike a. 

24. The best ee has been obtained from a curve composed 
of the best first, second, eighth, and sixteenth partials ; and 
4 from a curve composed of the first, third, and sixth or 
eighth partials; but this iast curve can hardly be called 
satisfactory. 

25. Hence, although the reproduction of vowels was good, 
it was imperfect. ‘This is due probably to the absolute im- 
ae yn of reproducing the noise that accompanies the 

ast two vowels. 

26. One very curious result arising from the experiments 
with the automatic phonograph was to show that, by 
varying the pitch, the vowel sounds could be shifted, i.¢., 
the curve which produced 00 at a low velocity becomes 
eae at O a higher velocity. O similarly becomes 
ah, ah becomes 4, and 4, &. 

27. It follows from this investigation as far as it has 
gone, that our knowledge of vowel sounds is not perfect. 
‘The principal proof of this is the fact that vowels cannot 
be reproduced exactly by mechanical means. Something is | 
always missing - saab the noises due to the rush of air 
through the teeth, and against the ton: 


e and lips. 
arrived at Se 


28. The curves synthetically, do not 


differ very Leg | from those arrived at analytically 
by Helmholtz. They principally differ in the pro- 
minence of the prime. ut t ab yay can be dispensed 


with altogether. Curves produ by the synthetic ma- 
chine, compounded of the different partials without their 








prime, show that there exist beats or resultant sounds. A 


vowel sound of the pitch of the prime may be produced by 


SYNTHETIC EXAMINATION 





certain partials alone, without sounding the prime at all. 
The beat in fact becomes the prime. This point is clearly 
illustrated, orally, by the automatic phonograph, and 
graphically by the curves, drawn by the synthetic curve 
machine. In fact, every two partials of numbers indi- 
visible by any common multiple, if sounded alone, 
reproduced by their beats the prime itself. Thus, the 
third and the fifth jials, or the second and the third, 
&c., will result in the reproduction of the prime. These 
curves illustrate not only this, but show that when 
the number of partials introduced is increased, the beats 
become more and more pronounced. 


Tue Loupness oF SouND. 

29. Another point remaining for _~s y— arising 
out of this inquiry, is the true theory of the loudness of 
sonnd. Itis thought by the authors that loudness does 
not depend upon amplitude of vibration only, but also upon 
the quantity of air put into vibration; and, therefore, 
there exists an absolutely physical unit in acoustics 
analogous to the unit of quantity of electricity or quantit 
of heat, and which ang be called the quantity of nm { 
This can be shown experimentally by constructing three 
dises like those in Fig. 1, whose Gunster increase in 
arithmetical ratio. When these discs are vibrated by the 
same curve by the automatic phonograph, or when they are 
thrown into vibration by tuning-forks, it will be found 
that the intensity of sound increases in a surprising ratio. 
The amplitude remains just the same; the area under 
vibration alone increases. Thus, in the automatic phono- 
graph, for two notes, one of which is an octave higher than 
the other, the area ought probably to be diminished one- 
half for the higher to produce equal loudness. Similarly 
for the same note, if we increase the area to be vibrated in 
its reproduction, it will be found that, as the area increases, 
so does the loudness of the sound emitted. In fact, in the 
automatic phonograph the diameter of the soundin 
ought, if it were possible, to vary with the pitch of 
note, to produce equal intensity of sound. 

The authors are now engaged in pursuing this inquiry 
into the consonantal sounds. 


disc 
each 








Tue INSTITUTION oF CIvIL ENGINEERS.—At the 
meeting of this Society on Tues day, the 4th inst., Mr. J. 
Frederick Bateman, F.RSS., L. and E., President, in the 
chair, it was announced that the Council, acting under the 

rovisions of the bye-laws, had recently transferred Messrs. 
illiam Booth Bryan, John Cochrane, Lucien Alexander 
Golla, George Archibald Lundie, Edward Parry, Ralph 
Hart Tweddell, Robert Harkness Twigg, and Francis John 
Waring, from the class of Associates to that of Members ; 
and had admitted the following candidates as Students of 
the Institution, viz., Messrs. Arthur William Hall Ander- 
son, Charles Appleby, Jun., Davis Edmondson Benson, 
Harold Arthur Blomfield, Henry Augustus Brundell, 
Athol John Capron, Samuel Herbert Carrington, B.Sc., 
Roderick Edmond Carter, kdmund Cathels, Henry Herbert 
Crabtree, Walter Cradoc Davies, Ernest Frederick Daw- 
son, James Donnan, William John Daffy, Robert Charles 
Dyson, Henry George Edward Galt, George Green, Henry 
Seymour Guinness, Cecil Quixano Henriques, Arthur 
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Fisher Jobling, Robert Jones, Sidney James, Thomas 
Long, James MacCabe, John Manson, Thomas Beecham 
Martin, Matthew Henry Maw, Edward Sylverius Moriarty, 
Ernest Bryan Mullins, Moraston Ormerod Norris, Richard 
Oliver Ormerod, Reginald Bradford Pell, Richard Douglas 
Percival, Thomas Pickup, Thomas Blair Reynolds, Edward 
Garrett Salter, Louis Samuel, William Hewlett Scott, 
William Angrave Seward, Cecil Archibald Smith, Lewis 
William Toms, James Edward Tuit, Walter James Turn- 
bull, Ernest Van Putten, Thomas Rawdon Ward, and 
Reginald Woollcombe. The monthly ballot resulted in the 
election of five members, viz.: Messrs. Alexander Lavalley, 
Paris; Benjamin Theophilus Moore, M.A., Isleworth ; 
Theophilus Nicholls, South Indian Railway; John Lum 
Stothert, Bath; and —— Phipps Williams, B.A., 
Christchurch, New Zealand. Of twenty-six Associate 
Members, viz. : Messrs. Thomas Alexander Allan, Tharsis 
Mines, Huelva, Spain; Charles Barron, Aberdeen ; John 
Bourdeaux, Engineer-in-Chief to the Submarine Telegraph 
Company ; George Barclay Bruce, Jun., Stud. Inst. C.E., 
Westminster, Francis John Rothe Toby St. George Caul- 
feild, Westminster ; Benjamin Clegg, Bridgewater Naviga- 
tion Company, Manchester; John Cleminson, Locomotive 
Superintendent to the Antofagasta Railway, Bolivia; 
Alexander William Conquest, Ramsgate ; Henry Tipping 
Crook, Stud. Inst. C.E., Dublin; William Coulthurst 
Gibbons, Stud. Inst. C.E., District Loco. Supt., London, 
Chatham, and Dover Railway, Chatham ; Alfred Frederick 
Eveness Grant, Westminster ; James Robert Grimshaw, 
Bexley ; Edmund Pontifex Harrison, Stud. Inst. C.E., 
Jamaica; Henry Kemp, Telegraph -street, E.C. ; Christopher 
John Nevitt, Stratford ; p> omy Alfred Radley, Stratford ; 
Tom Hurry Riches, Locomotive Superintendent of the 
Taff Vale Railway ; George Seymour, Jun., Westminster ; 
Lionel Barrington Simeon, Stud. Inst. C.E., Assist. Eng., 
P.W.D., India; Stephen Harding Terry, Stud. Inst. 
C.E., Assistant Engineering Inspector, Local Government 
Board; Edward Barton Thornbury, Natal Government 
Railways; Herbert Perkins Vacher, Stud. Inst. C.E., 
Surbiton; Richard Walter Walsh, Dublin ; Charles James 
Knight Watson, Assist. Eng., P.W.D., India; James 
Wilson, Cairo; and Thomas Henry Yabbicom, Bristol ; and 
of four Associates, viz., Messrs. Alfred Bedborough, 
Westminster ; Mateo Clark, Valparaiso ; Ralph Firbank, 
Eccles ; and John Barret Squire, Liverpool. 





Swiss Rarnways.—The gross receipts of the ordinary 
railways of Switzerland—that is, the railways of Switzer- 
land, with the exception of the four mountain lines—in 
1878 were 2,035,5791., as compared with 2,111,7791. in 
1877. The average receipts per mile worked thus exhibited 
a decline of 8.12 per cent. last year. 





Pustic Works IN New Soutu WALES.—The estimates 
prepared for 1879 by the colonial treasurer of New South 
Wales make provision for services of a reproductive cha- 
racter, such as railways and the water supply of Sydney. 
The railway scheme embraces a line from the present 
terminus at Redfern through Sydrey to the waters of Port 
Jackson, a system of suburban lines, and the projected ex- 
tension of lines into the exterior for a distance of 400 miles. 





William Herbert, Joseph Nightingale Taylor Holliday, 
Tom Alexander Horn, Charles James Jackaman, Edward 








During 1877, the railways of the colony paid 4} per cent. 
on their capital. 
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Fig. 1, 


WE annex illustrations of a new ent of hy- 
draulic grid, which has been lately brought out by 
Messrs. Clark and Standfield, of Westminster. This 
grid is especially suited for use on the banks of tidal 
rivers and other places where there is a large rise and fall 
of tide, and also for use in wet docks and tidal basins, 
provided it can be constructed before the water is let 
into the dock. In such cases Messrs. Clark and Stand- 
field consider that it may be constructed at about one- 
half of the cost of an ordinary graving dock. It can also be 
advantageously used in deep water, but at a somewhat 
increased cost, and whereas floating and other docks re- 
quire 10 ft. or 15 ft. extra depth below the bottom of the 
vessel, the grid requires only an additional depth of 2 ft., 
and is thus especially useful in shallow docks and places 
where the depth of water is limited. In the arrangement 
now illustrated, the vessel is raised by a row of hydraulic 
presses sunk in the ground directly under the centre of 
the grid and the keel of the vessel, with a few additional 
presses at the sides under the shoring frames to keep the 
grid level and give transverse stability. They are 
divided inio three groups, with an equal number of 
presses in each group; one group supports one-third of 
the length of the vessel, and the other two groups sup- 
port the remaining two-thirds, one of them controlling 
the port and the other the starboard side, so that the 
vessel may either be maintained level or put on an un- 
even keel at pleasure. The grid is a strongly-built 
longitudinal wrought-iron girder directly under the keel 
of the vessel, with ribs projecting from each side to carry 
a working platform. Some of the central ribs carry side 
shoring frames, which are used in conjunction with the 
sliding keel blocks. 

In using the dock the grid and presses are lowered to 
the bottom, and the keel of the vessel is brought directly 
over the centre and secured in position by the bilge blocks 
and side shoring frames; the presses are then worked 
and the vessel lifted till the grid is above high-water 
mark. When in this position a number of struts or 
swinging frames (which were previously held up in a 
horizontal position under the grid) are liberated and 
allowed to hang in a vertical position. The grid is now 
lowered & few inches until the whole of these struts rest 
on raised bearings cast on the head of the presses, and 
the whole weight of the vessel and grid rests on them. 

he rams are now allowed to sink down into the presses 
when they remain in fresh water, and are consequently 
not exposed to rust. The supports are ors 
at the top so as to fall accurately into their places, and 
Suitable means are provided for raising lowering 
them simultaneously by means of chains and shears. 
ese frames are of considerable breadth, and some of 
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them swing transversely and others longitudinally, so as 
to obviate any tendency of the grid to move in either 
direction. There are also, in addition, strong cast-iron 
columns, with guides, against which the grid slides as it 
rises and falls. The pumps, pipes, and valves are similar 
to those used in ordinary hydraulic docks, and the method 
of working them is so well understood as to require no 
description. 

The advantages of the hydraulic grid arise from its 
economy in first cost and the small weight of material 
required. The rams are applied directly beneath the 
vessel, and in consequence of this the transverse girders 
which carry the pontoon and vessel, the lifting chains, the 
tall guide columns, and the pontoon can be dispensed 
with, and their place supplied by a simple pontoon 
girder or grid and a few guiding columns. About three- 
fourths of the total war ry of ironwork in the ordinary 
hydraulic dock is thus saved, and beyond this the 
number and size of the hydraulic presses is reduced in 
consequence of their having so much less weight to raise. 

The question of foundations is, however, one of im- 
portance. In tidal rivers, where the bottom is uncovered 
at low tide, the presses can be sunk into the ground and 
concreted at very small cost and with great facility. At 
high water the vessel is brought over the grid, and as 
soon as she is shored up the lifting commences, and as 
the tide falls the vessel is ty! raised. Very small 
engine power is required, as work may commence as soon 
as the Soter leaves her, and all that is necessary is that 
she should be lifted before the next tide. As she is lifted 
at high water the distance she has to be raised is of 
course a minimum. At every low water the presses can 
be examined, and the leathers changed if req’ 

Another very suitable position is that of a wet dock, 
provided the cylinders can be fixed at the time of con- 
struction, or when the dock is ; and here it should be 
noted that since the dock is ted for ships of the 

t size and fully loaded, while vessels are only 
docked when light, there is a great surplus of depth; in 
erecting a hydraulic grid, therefore, a great saving of ex- 
cayation may be effected. It may be conveniently placed 
in a shallow recess. 

If the grid requires to be fixed in places where there 
is no rise and fall of tide, the cost of erecting it is con- 
siderably increased. In many such situations the most 
economical mode of erection is to dredge out a flat bed 
at the required depth, and ha fixed the whole of the 
cylinders complete in a framework of timber temporarily 
supported over the spot, to lower the whole on to its bed, 
and fill up the interstices with concrete or ballast. 

In the cases last mentioned the presses are never un- 
covered, and some provision requires to be made to give 
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convenient access to the press leathers. There are man 
ways of doing this. The heads of the presses in 
cases project about a foot above the concrete, and the 
rams are constructed on Messrs, Clark and Standfield’s 
principle, and can sink down — into the presses,.. 
eaving the leathers pen! accessible to the hands, A 
very small diving-bell suited for a single man therefore 
enables them to be changed at pleasure, The same 
operation may be easily effected by means of an ordinary 
diving-dress, The grid itself, which is a hollow box 
girder, may also be readily converted into a diving-bell if 
provided with suitable openings over each ram, and 
— with compressed air in the usual manner. In 
8 way access is gained to the whole of the at 
once. other cases it is preferable to seat the presses 
in cast-iron cylinders or screw piles, which are themselves 
provided with stuffing-boxes and connecting pi These 
outer cylinders then act themselves as hydra 
and by applying a slight pressure any of the presses and 
rams can be thrown up above water to allow an exami- 
nation of the leathers, and on the completion of the opera~- 
tion can be allowed to fall back into its seat. There are 
other means of arriving at the same result which it is not: 
necessary to specify. 

Considerable experience in the erection and wor of 
hydraulic docks has enabled Messrs, Clark and § eld 
to introduce various minor improvements calculated to 
insure durability and to give safety and convenience in 
working. Perhaps the most important of these is their 
automatic safety valve for insuring that the grid 
shall at all times remain perfectly level. The action of 
this arrangement is such that it is impossible to raise or 
lower one corner of the grid without equally raising or 
lowering the others. For example, if an attempt were 
made to apply the pumps to only one or to two out of the 
three groups of presses before described, the effect would 
not be to raise one part of the vessel higher than another, 
but the water would simply run to waste. In the same 
way, when the vessel is partially raised, if a valve were 
to be accidentally or intentionally opened in either of the 
groups, or if a leather were to give way, the effect would 
not be to throw the vessel sensibly out of level, but all 
three groups would act simultaneously, and the vessel 
would descend quietly on a nearly even keel. Baga 
means no accident could arise through any inatten or 

lect of the men in charge of the dock. 

his dock is, of course, perfectly well suited for the 
use of pontoons of the usual character, and the only ob- 
jection to their introduction lies in the fact that the pon- 
toon would cost as much as an additional dock. Fig. 1 
shows an end elevation, Fig. 2 a side elevation, and Fig. 3 
a pian of one of these grids erected on the side of a 
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THE ECONOMY OF RAILWAY WORKING. 


Appendices to Mr. R. Price Williams’s Paper (see page 145 ante). 


APPORTIONMENT OF WORKING EXPENSES BETWEEN PASSENGERS AND Goops TRAFFIC. 



































TABULAR STATEMENT, No. 3—LONDON AND NORTH-WESTERN RAILWAY.— Year 1877. 





























































































































Ratio of Train Mileage used in Apportionment. | Ratio of Receipts used in Apportionment. Tonnage. 
Miles. | Ratio. £ Ratio. Minerals «| 21,707,660 
Passengers ---| 15,981,878} 48.37 Passengers ... 8,729,709 | 40.55 Merchandise 420,550 
Goods and minerals... 16,719,802} 51.13 Merchandise and live stock #3, 439, 303 —_—. 
Minerals... a 2,028, 617 Total . ° 30,128,210 
Total... ..| 32,701,680) 100.00 —_—_—_ 
ey - Total goods and mineral... ...| 5,467,974 | 59.45 
Total .| 9,197,683 | 100.00 
MINERAL EXPENSES, INCLUDING 
EXPENSES AS APPORTIONED RETURN EMPTIzs. 
To.Goods and Mineral . 
IreMs OF EXPENDITURE. Total Apportioned in Ratio of | T° Passenger Traffic. Traffic. Per Ton per Mile. 
Expenses. Per Train 
- . Mile. 
moun Per Amount Per Goods : : 
as Passenger as and Mineral og nay ioe geen 
Apportioned.| Train Mile. | Apportioned.| Train Mile. , nee 
£ £ d. £ d. d. d. d. 
Maintenance of way ... 1,016,974 Train miles 496,995 7.46 519,979 7.46 14.92 0.0497 0.0373 
Locomotive power 148, (See statement appended)} 458,788 6.89 689,696 9.90 19.80 0.0660 0.0495 
} (100) eee (89.95 p. c.) ‘ia (60.05 p. c.) 
Carriage repairs wee pes oe 184,419 Actual amount 184,419 2.77 
Wagon jin nen a 155,870 99 ose a 155,870 2.24 4.48 0.0150 0.0112 
Coaching 685 9° 629, 9.46 
Traffic expenses { (37.24) 
Merchandise e| 1,061,189 ” ed 1, an ,139 15.23 80.46 0.1015 0.0761 
Gontoal charges 192,447 Receipts 78,037 1.17 114, sto 1.64 3.28 0.0109 0.0082 
$2,187 ais 13,052 0.20 19,135 0.27 0.54 0.0018 0.0018 
enti passengers 45,520 Actual amount 45,520 0.68 
goods .. 68,831 ” one we 68,831 0.99 1.98 0.0066 0.0049 
Rates ahd taxes 182,989 Receipts 74,203 1.10 108,786 1.56 8.12 0.0104 0.0078 
Government duty 139,215 Actual amount 189,215 2.09 
Parliamentary .. 19,500 Receipts f 0.12 
Mileage of carriages a and wagons for other 
companies... ais 129,774 Train miles 14,551 0.23 15,223 0.22 0.44 _ 0.0014 0.0011 
Van 2,142,372 : 2,764,662 
Average ratio ... ove 100 wie 43.66 ai 56.34) 
Joint line expenses a é 91,930 | Average ratio as above 40,137 0.62 51,793 0.73 1.46 0.0049 0.0037 
Steamboat _,, 78,779 ipts 31,945 0.48 46,834 0.67 1.34 0.0045 0.0084 
Canal 9% 12,532 Actual amount oe waa 12,532 0.18 0.36 0.0012 0.0009 
Total ew} 5,090,275 2,214,454 33.27 2,875,821 41.26 82.52 0.2751 0°2063 
; Ratio (100) (43.50) (56.50) 
Ratio of expenses to receipts... (55.34) ooo (59.38) | EA | 52.59) 
TABULAR STATEMENT, No, 4.—LONDON AND NorTH-WESTERN RAILWAY.—YEABR 1877. MINING INSTRUCTION IN AUSTRIA. 
Apportionment of Locomotive Expenses between Passengers and Goods. Tuer are in Austria, minixg academies for the higher 
education of mining engineers and officials, and ‘‘ mining 
ate Total Apportioned | Passenger Ap ortioned schools” for the instruction of workmen. In Austria 
Ex — tios of | Expenses. tios of | Expenses. | (Cisleithany) there are two academies, one at Pribram 
eas m and another at Leoben. The academy at Pribram 
£ £ & (Bohemia) is not so favoured by the Government as that 
Salaries, office expenses, &c. 34,264 48.37* 16,745 51.13 17,519 of Leoben (Styria), and it is, or was, intended to close 
eatee connected  . ai oi it altogether. There are only os teachers (professors, 
ages connected with the wor ng ¢ of loco- adjuncts, &c.) at Pribram, and the number of scholars 
motive engines . 411,429 35.33¢ | 145,358 64.67+ | 266,071 | is 16 to 30 (in 1877-78 the number was 21). The academy 
os ane coal ee 31.77t 86,891 68.23 186,608 of Leoben has a staff of eee and gives ra at ne 
? to 100 to 120 scholars* (in 1877-78 there were 121 scholars 
pill tallow, and cei stores 47,654 48.378 28,280 aa eanad at Leoben), 40 to 50 of them coming from Bohemia, 
Wages te 181,809 - Moravia, and Silesia. The professors of both academies 
Materials |. 180°349} 48.37% 177,035 51.18 185,233 receive a pay of 180/. per aa, the adjuncts 90/., and 
Special expenditure ... tos 14,251 48.37 6,964 51.13 7,287 the assistant professors 60/. only. 
Stationary engines, Liverpool tunnels ... 7,5: 48.37 3,677 51.13 3,847 Mining schools for workmen exist in their present form 
— — —— | since 1873, and there are now five in Cisleithany,} viz., 
1,150,879 459,959 690,920 at Pribram, Dux (Bohemia), Ostrava (Moravia) Leoben 
Less sundry deductions woe ee 395 48.37 1,171 51.13 1,224 Styria), ood Klagenfiirt (erintele). t. or ak the 
pe number of scholars in these schools was 22, 
fe aa a 08) (eo 05) and 12 respectively, amounting to 100 scholars in all, 
io | 109) At the schools of Pribram and Ostrava the scholars are 
at liberty to choose the language (Bohemian or German) 
* Apportioned in ratio of train miles : - PIR 5 nam gr at the examinations; 80 per cent. of them use the 
Passenger t: il nel one eco a .981,878 or 48. Bohemian language. 
rom yw bam ha . “ 16)719/802 ,, 51.18 Y 
Total... ne a sl cali sie 32,701,680 ,, 100.00 
t Apportioned in ratio of train miles divided by speed of trains : Baileay 7 tenn pecemt ym Sap py a 8 
Viz., 35 miles per hour for passenger trains ~*~ — 456,625 ,, 35.33 valuable coal mines in Mahaska county, Iowa. 
16,719,802 835,990 ,, 64.67 A Pactric TELEGRAPH: —The Hawaiians are dis- 
000 M8 A, i Be got tion of a trans-Pacifictelegraphiccable which 
shall eae tonolain a way station. It is t it 
Total 1,292,615 ,, 100.00 would materially help Henehale, by making ita ‘ous 
t Apportioned in ratio of train miles multiplied by consumption of fuel per mile : for the mercantile vessels of all nations as well as for the 
vi 90.3 x 15,061,878=15,961,878 . 484,250,008 ,, 31.77 Seetod 
iz., engines x J = ovo ee > . 
x Pood ens 69°2 x 16:719,802= 16,719,802 . nL -1,089,971,684 5, 68.23 * In 187475 there was an Englishman among the foreign 
scholars a 
Total a - »  1,524,222,587 ,, 100.00 + Besides one school for miners at Wieliczka (Galizia). 
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PRICH LIST OF MATERIALS. 
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Inon, WRovuGcatT - £ «6. £2 s. STEEL CASTINGS—continued 8. 4. s «2 PITCH (per cwt.) 8. a, s a 
METALS. Cleveland angles............ 5 © s 2 Side cranks, cross heads, British... = ; 9 
- , £8 £ &. - SE  canisiaan oct i. ) or — wheels, engine Archang 7 6 Q 
ANTIMONY OR8 (per ton) to o 1 (0 rs ddled bars... 3 7 3 10 jp BC. o- srcccesceccceree 30 0° PLUMBAGO (per ewt.)— 
Regulus (8tar) wuss 46 9 46 12 Me Poller plates... 6 0 6 5 Tumbler bars and other Ceylon 4 tn eo 2 6 —% 
Brass (per Ib.) - a“é& @ 4 at COED sicncnes § 8 as castings for d@ te ORB cccteticnne Gg 6 zo 
Sheets, 49 x24 ..ccececeeee 0 AI o 8 ° ship plates ... 5 5 5s 7 PUPPOBES.....0cceseeeeee 20 08 26 0 + Minhas 2 & 7 
Yellow metal ......000 0 6 °° 7 ” Bheets.......+. 7 © 7 15 SwepisH Iron (F.o.b) at Ramway Grease (per 
Castinas TYNE AND OLEVSLAND * Seoteh es cee 6 6s 6 10 Gottenburg (per ton) £&esa £ 8, cwt.)—Rose’s ...........28 © 08 o 
(per ton) £6 £ 2. ade dsbi ~ 6 ts z 5 ececcsccqrccccccceccesscconses =8§ @ 5 10 Pritchard, Offer and Co.'s 
DET chiumuhincemine &° © 2 ordshire oo * ; > H Me 9 ° rw 0 concentrated ............ 60 0 © 9 
Chairs... 3 35 = 4% ss oiler......... 9 to tr 0 _" i RESIN (per cwt.)— 
PHPOB .....0000006 4 15 - . hoops........ 8 © Zé AmePican .....cncneree 4 6 49 
Corpse (per ton) Wolsh rails S.W........... 5 § § 10 10 62 «S| TALLOW (per ewt.) 
Chili bars ..... - $4 10 §5 © o Ce « witkha O'S 6-5 ei a > | een 2. 
: o 63 10 » boiler plates, S.W. 9 o fr o ° 66 ° | _~=«&8. American beef..... ° © o 
to 61 10 oo RSPB, BW, 2.0000 8 0 8 10 = = > 2 sheep ° © 0 
° 65 0 ° ° Australian beef .. 6 34 «0 
o.|6«6©6660C~«< Leb (per ton)— ° 66 0 as sheep......... 36 © 37 o 
Bottoms epheceqnes . 94 , @ 76 © Soft lish pie. isocodas SB 30 3 «IS to 62 15 St. Petersburg, Y.C. ...... 34 9 36 © 
Ino Orgs (per ton)— a. @&@ a <é om B - ™% O@ wt © S| a € English, town .......0.0. 36 0 37 0 
Red hematite, British 1 0 2 0 . ish ..... 13 2 13 10 ° 25 Oo Rough, English ......... 13 © 14 @ 
” ” pudding 14 o 16 o OEE snceeere = .? o 32 0 TaR—Stockholm(perbarl.) 20 6 22 o 
{non Pia (per ton) — PHosPHOR BRONZE — o 2 0 Are’ sossccscersessercense BS 6 CO O 
Barrow No.1 ... 6 65 o (POT TOM) ....ceecercecereree TOS 8 125 O . eee o 628 0 gy ee ane irit— 
- ae 6 63 0 INC (per ton) — 8e 8 @ American ( ) cecccce 22 O 82 
“ ee o 62 © QUicEML VES (per bottle) 6 e 6 6s Sheets, English.............. 19 10 119 12 WIPINGS, engine (percwt.) 20 o 35 z 
Cleveland No. 1 o 38 © Scrap (per ton) Wirk, fencing ................ 10 1§ 13 0 
" " ° eo oOo Old rails for re-manu- » Telegraph (galvanised) 16 10 19 0 CHEMICALS, &ec, 
a ° a 34 : 35 0 POCHUTE 20... cecercereerseree @ 0 s 0 Acips— — a ei. 
” ” orge) 33 34—=(C«8 SPELTER (per ton) - Aquafortis (per Ib.)......... ° $ o 
qualities cn... 20 9 G0 © oe one COALS AND COKE. aime hd—. © & 2° .a 
Welsh (South Wales)...... 72 #0 8 oOo COALS (per ton)< s 42 s 42 Sulphuric acid, brown......  o ot o of 
» (North Wales) ... 60 o 75 © SPIBGELEISEN (per ton) — TNGETD <cenuticcnnteasses 8 © 25 © 
N AMMONIA — Muriate (per £ 8. £ &. 
01. No.3. TIA ccccccrcessccomemencececse 6 @ ° 0 2 = 2 _ OEP Ea 
Scotch ig — s. a. 8. . 5 0 5 10 ; le Pix. ARSENIO— aé€@ @& € 
G.m.b., at BOW nner 44 9 42 STEEL (per ton) < ° tro White, lump (per ewt.)... 2 i pr = 
Gartgherrie .......0.05 49 9 44 6 os = teenall -: % 0° «6 8 6 2 0 Powdered (per cwt.) ...... $ 6 9 0 
COMMEBE «2.0. 0neeseseeseeeene 6 45 6 , double shear a ~ ia a i ae BLEACHING powder percwt. 5-9 ~-6 o 
Summerlee 46 ¢ 44 : CE “vanes ae Oe ae “ ~ Borax-—refined (per cwt.) 35 © 37 0 
“4 English spring.............. 14 0 22 oO 3 - BRIMSTONE (per ton)— & 4. 4 8. 
Carnbroe 6 > ) °c 8 oF oO ” rin Rough 5 10 6 0 
a bY > > $ TEED accastadbiinn 10 30 «(OO 8 6 — - Ir O 14 10 
Govan, at Broomielaw ... 48 6 44 0 Spsempe =. H e- Durham 19 @ @ 0 = sa p.. 1 
Qaee, at _ _— 8e@ 6 4 @ * axles. b+ 9 : a & *é 
a r- “4 . > 
ae. «wa HMO oo seesenee ° 7 @ | OILS, GREASE, & LUBRICATORS. | 1. Srguiswasvgerewiy ° 7 ° 
Eglinton, ditto............ 44 0 4 #0 STEEL CasTinas ( r cwt.)— OILS (per tun) — 8. £ 6. te, best a 
Dalmellington, ditto ...... 44 0 4 «0 Hydraulic cylinders in fp SECU cccoceseccoevsceve 24 0 25 10 ° 25 0 
Carron, at Grangemouth 60 0° 57 6 the rough not to ex- go RBS kcissitincnsnciicse GS OD 29 oO ° 
Ditto, specially selected 65 o a ceed 6 ft. in length, s. 4. se «a Sperm body ................ 60 0 62 o ° 22 Oo 
Shotts, at Leith .....0.... 59 6 45 6 guaranteed............. 25 0 28 o ©, PALO -.-rwrewnseeeeee 29 O 30 0 ° 25 Oo 
Kinneil, at Bo'ness ......... | =~ a Do. do. finished............... 30 0 34 © », yellow s ©: @ 
(The above all deliverable alongside). Pinions and cog-wheels... 25 o 28 o pocenee he 4 ° § 
s 4 s «2 Hammer _tups, oo, QE nrccercesce-cossercercescecse 30 57 0 
Shropshire... 6 © 7 2 swages, 5 cwt, an PETROLEUM - s 4 s. 4 ° 22 0 
North Staffordshire ...... 45 @ 75 © GROED cncuticeliedehss 60. @ 96 © Fine (per gallon)........... 0 7) o 7% Bombay. o° © 9 
South oman 4p @ °*- ‘@ Holders-up for rivettinz © il. refined ~~ waite 3 19 6 
Yorkshire Thornaby pig. 60 0 65 o machines, &c., 1} to 5 OAL oll, sresememee 8 TH O 8 Sopa Caustic 6 13 0 
Ridsdale Nos. land? ... 902 © 100 o GWE, ierccccicccrcincercnreee 9§..0 6 © RaNGOON engine oil ......... 2 3 3 0 | » Crystals 10 3 15 











THE BUTLER MINE FIRE CUT-OFF.* 
Henry S. Dainxer, E.M., Philadelphia. 
Tue a Pits ayn = oaaee in = baggy * at 
Pittston, i coal of Pennsylvania. 
coal has ay well out from the 14-ft. or Baltimore i 
for a number of years on part of the tract, the old chambers 


remaining 0 as when originally abandoned. This vein 
a ithe Batler pro; , and is nowhere more than 
60 ft. below the surface the and on the line of the 


cut-off to be described. Above the 14-ft. vein and about, 
say midway, between it and the surface of the ground, 
there is another small vein or rider of coal, about 12 in. in 
thickness. The rock between the two veins is a carbon- 
aceous slate, about 25ft. in thickness. Above the smaller 
vein is a bed of tone, varying in thickness, but 
not less than from 8ft. to 10ft. This sandstone 
is also carbonaceous, but the proportion of carbon is-much 
less than in the slate below. Both rocks have 
analysed, and before the next Institute meeting, the writer 
hopes to be able to furnish the exact proportions. The 
sandstone is overlaid with débris up to the surface of the 
da. ‘ 


Some time during the spring of 1876, it was found that 
the coal = _ the fn te mine -_ been -” i — 
and that the fire was upreading. Inquiry develo 
the fact that the fire had originally been started by a 
woman, who had taken up her abode in an-old tunnel 
eading into the workings. acy By: some delay in the 
early attempts made to extinguish the fire, it finally gained 
such headway that no ordinary means were found to be 
effectual. Finally, Mr. C. F. Conrad, civil and mining 
i , of Pittston, Pennsylvania, was called in as con- 

i He advised the making of a thorough 
cut such portion of the old workings as had not 
been by the fire. It was found by survey that this 
cut could be limited to a of about 1200 ft., as the 


— 


vein faulted on both sides, and that the test depth of 

the cut would be about 60ft. Subsesuently it was decided 

a ore saving the deepest portion 
cut. 


were filled in on both sides with clay and sand, the 
spaces air-tight; this helped to stay the ; it, however, 





finally broke through to the surface of the ground, and only 
went out when it reached the solid coal. 

The present cut through the point of. junction of 
the old VY walls, and is, therefore, located di ly through 
the débris and ash of the old fire. ~ This Jocation for the 
cut-off was decided on by Mr. Conrad, after a careful 
survey, for two reasons. 1. In the hope of finding all com- 
bustible matter, coal, gob, carbonaceous slate, &c., burnt 
to ash by the old fire. this case much excavation would 
be saved, as the ashes of an extinct fire might fairly be 
assumed to be an impassable barrier to a new one ; and 2. In 
the hope that if the material were not found to be fully 
calcined, still that its burnt condition would render it more 
workable, and thus more easily removed. 

After removing the surface material the walls above de- 
scribed were found, and then about 25 ft. beyond them a 
solid pillar of coal in i, Where this opening was thus 
first made to the old fire, the covering over the vein was 
from 30 ft. to 35 ft. thick—about 3 ft. to 5 ft. of surface 
soil and earth, and the remainder yellow slaty sandstone 
and coal slate, the slate and the ne being parted by 
the rider or small coal vein above noted. It was at this 
point that a curious fact was developed, and it is in order 
to bring it to the attention of the Institute that the writer 
has prepared the present communication. On investiga- 
tion, it was proved that the old fire had not penetrated the 
solid coal in p' Where it met a pillar in the workings, 
the coal was simply calcined on its surface ; but in all cases 
the overlying slate rock was calcined throughout. Nay, 
more, for the 14-ft. vein on the Butler property is nearly 
equally divided 4 an 8-in. parting of slate, and it was 
found that this slate rock (with sound bright coal on both 
sides) had been Ceronghty calcined. Above the 14-ft. vein 
the rock was also found to be calcined up to and above the 
12-in. rider, or small vein, while this vein of solid 
coal was also found to be unburned, and perfectly sound 
and bright, as in the case of the larger vein. 

Finally, it was found on excavating further, that when the 
old fire had reached the face of the workings, its progress 
2 to be established 

rom this experience it would appear 
that coal in situ, cannot Nee monde pm masse ; but that the 
walls of carbonaceous slaty rock enclosing solid coal, can 
be burned or calcined in situ. On what theory this fact 
can be explained, may be an interesting matter for discus- 
sion to some members of the Institute, more directly con- 
nected, than the writer can claim to be, with problems of 


ebruary =e 1879), the writer 
ee een ee } opty ty - 
erred to, both in its calcined and in its natural state, and 





by that time he hopes also to have the analyses above re- 
ferred to, ——'. the proportion of carbon in the slate 
and sandstone. It should also be stated here, that even the 
sandstone was found to be burned, though not so thoroughly 
as the slate. 

At present the question to the ——- , of course, is, 
whether the new fire, now raging, will be stopped by the 
eut or not. The cut was about 30 ft. wide, and is 
carried from one end of the coal to the other, and down to 
the footwall of the vein. About 200 ft. of the distance 
has been tunnelled. At this point the vein has been re- 
moved, and heavy walls built on either side of the tunnel. 
Also the ‘7 old workings towards the fire have been 
filled with clay and incombustible débris, and it is believed 
by the engineer in charge that this, with the cut, will afford 
an effectual stay to the fire, which is expected to reach the 
line of the cut some time in January or Feb: , 1879. 
When the -present fire becomes extinct, it will be an 
interesting matter to note, whether in the old worki in 
ee! ple oe , the pillar coal has remained un- 
burned as in the old fire. That the superimposed slate 
and sandstone is being calcined is evident, for the craters 
formed over the surface, show on all sides at night, glowing 
masses of incandescent rock, extending often up to the 
surface. 

The writer hopes to be able to supplement the present 
paper by another at some su’ uent meeting, giving a fall 
account of the construction of the cut-off and of its result. 
This, of course, cannot be done until the fire has pro- 
gressed farther, and actually reached the cut. 





War MaAreriAt vor TurKEy.—The Bridgeport (Con- 
necticut) Cartridge Company have sent 72 carloads of shells 
and bullets to New Haven, to be shipped on the steamer 
Norman Monarch to Turkey. The 73 car were made 
up of 15,000,000 primed cartridge shells and 15,000,000 
bullets. The shells are loaded in Turkey for the sake of 
economy, as the can be obtained there as cheap as in 
the United States, if not cheaper. 


ee rate mn mmape FS p< F Brrirarn.—The 
ann meeting ‘is jation was 
day at’ the Westminster Palace Hotel, at 11 o'clock. 
The a was numerous and influential. Mr. 
Thomas Knowles, M.P., the President, was in the chair ; 
his of office having expired, he was unanimously re- 
elected President for the ensuing year. Important matters 

i coal iron trades were discussed, and reso- 








Iations thereon adopted. 
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GRINDING PROCESSES. 
Concluded from page 188.) 
Tue PooLe System oF GRINDING. 

In attempting a review of modern grinding 
processes, it will be only fair to commence with 
what is called the “ Poole system,” a method of 
grindin — applicable to calender rollers, in- 
vented > essrs. J. Morton Poole and Co., and 
extensively carried on in their works at Wilming- 
ten, U.S.A., and introduced in this country by 
Messrs. Umpherston and Co., of Leith. It is a 
common thing for even skilled engineers to examine 
the operation of the Poole machines, and go away 
without understanding the principle on which they 
act. The operation is in fact one of the most in- 
tricate imaginable, and has perhaps no counterpart 
in mechanical manipulation. This we deem proper 
to mention at the beginning, so as to invite close 
attention to the description and diagrams, which at 
best must be an imperfect means of explaining a 
process wherein some of the most intricate points 
consist in the running action of the machines, 





In the Poole system of grinding, the first thing 
to be pointed out is the use of two emery wheels, 
one at each side of the work, as shown in Fig. 7, 
where aa are grinding wheels, and ¢ a roller to be 
ground. The two wheels aa are mounted in one 
frame, and positively connected together, so that in 
effect they become a “ pair of calipers” producing a 
positive parallelism of the roller e, unless the wheels 
should wear away as they traverse from end to end, 

-@ matter scarce supposable, because the traverse 
motion is quite rapid, and the wheels employed are 
of the hardest corundum that can be obtained. 

It will be obvious that true parallelism must 
result from the fixed distance between the two 
wheels so long as both are cutting, but the straight- 
ness of the rollers, which is an equally important 
condition, must at the same time be secured, 
Calender rollers for the finer kinds of paper are 
made from 6 ft. to 7 ft. long, and in nests or piles 
of from 3 ft. to 12 ft. in height, as shown in the 
diagram, Fig. 8; in some cases as many as eighteen 
have been mounted in one pile or stack, the number 
used depending on their truth. The straightness 
must be absolute, or within an inappreciable limit, 
otherwise the thinner kinds of paper in passing 
through would be pulled, and distorted by unequal 
tension and irregular compression. The limit of 
variation we are not able to fix, but imagine that 
rosoth part of an inch in 6ft. would not be ad- 
missible, 

This straightening is secured in the Poole system 
of grinding by mounting the two wheels on a mas- 
Slve swing frame poised on knife edges, as shown in 
the diagram, Fig. 9. The weight of the frame is to 
prevent oscillation from sudden resistance, and thus 
secure a steady uniform motion of the wheels; and 
the sensitiveness to pressure is increased or di- 
minished as the work may demand, by shifting the 
top pivots to different angles, as shown by dotted 
lines. If the links ¢ are set at an angle, as indicated 
by the lines @ a, the swinging motion becomes more 
sensitive, but if moved to the position shown by 
ane e ¢, it will require more pressure to move the 

Tame m. 











The rollers when first mounted, even after careful 
turning, are never truly cylindrical, and the first 
operation is to fasten the pivoted carriage m eo that 
it cannot move transversely, and then grind the 
roller until it becomes cylindrical, as true as the 
ways at n will determine. Then the carriage is 
loosened, and the straightening process begins, and 
it is here that we come to that intricate point in the 
Poole process on which its importance mainly rests, 
and which has before been alluded to as difficult to 
explain. 

e absolute straightness of the rolls, indepen- 
dent of the ways on which the swing-frame carriage 
runs, seems a dox. The fact is, of course, in- 
disputable, thousands of rollers having been ground 
to perfect truth, and five independent machines 
operating before one’s eyes is evidence enough so 
far as fact ; but the principle on which the swinging 
carriage determines a straight line will still remain 
a kind of mechanical puzzle. 

Let it be supposod, looking at diagram, Fig. 10, 
that the roller a is crooked, even to a minute degree, 
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then the result must be that either the convex side 
will be ground off by the wheels oo, or else the 
heavy swing frame, shown in Fig. 9, must vibrate 
backward and forward to the extent of the ‘‘crook” 
at each revolution of the roller. This latter can 
easily be imagined as impractical, and any other 
result must be a tendency to straighten the roller as 
rapidly as it could be ground away, and wholly in- 
dependent of the parallel grinding ways beneath 
the carriage ; perhaps a proper statement of what 
takes place will be that the rotary axis of the 
reller becomes a guide for the swing carriage. 
The rotary ‘axis of a revolving body is, of course, 
a line of absolute truth if flexion is not con- 
sidered, and as any bending of the roller from 
its weight would be in a vertical plane, the move- 
ment of the swing frame is not affected in this way, 
so that movement in an absolute straight line is the 
result. The rollers require to be not: only straight 
but parallel, but in respect to this last requirement 
there need be no comment. Two wheels with their 
axes positively connected must produce parallelism in 
whatever is ground between them. 

The sensitiveness of the swing frames on which 
the wheels are mounted is such that even the 
slightest touch will cause one wheel to cut more 
than the other, and in moving up the wheels, or 
feeding as it may be called, the handles of the 
screws are struck lightly with a light mallet of soft 
wood, care being taken that the blows, slight as they 
are, shall be given at right angles to the screws 
and transverse to the swing motion. 

Some readers will, no doubt, be led to inquire 
why these sensitive devices are not disturbed by the 
stress of the bands which drive the emery wheels. 
This will be understood from Fig. 11, which shows 
the manner of arranging the bands, of which there 
are two for each wheel, that is four to a machine. 

We have now said as much as circumstances will 
permit to be explained in respect to the Poole process 
of grinding. ere are to be seen throughout the 
very complete works at Wilmington many things 
pertaining to grinding which are special and 


and yet to the experienced suggesting experiments 
and expense. The process with which we Lees been 
dealing is now carried on in Germany and in 
Great Britain, and its value to the paper-maki 
interest has been very great, both in a mnoduniel 
and economic way. Greater accuracy has been 
secured and the expense of making such rollers at 
the same time reduced. 

This system of grinding has been described at 
some length to show how a large and important in- 
dustry has grown out of improvements in grinding 
processes, made within ten years past, but there is 


the substitution of grinding for cutting operations 
in metal ee. 

There have been many mistakes made in at- 
tempting to supersede tool cutting by emery grind- 
ing in operations affording no reasons for such a 
change, and it is common to meet with engineers or 
skilled mechanics who will s of the two 





they were rival processes applicable to the same 























purposes. Perhaps one of the best illustrations that 
can be given of the difference will be to repeat a re- 
mark made by ashrewed practical mechanic not long 
since in respect to grinding. He said: ‘‘It con- 
sumes power enough to remove metal in chips let 
alone pulverising it at the same time.” 

There can be no question that for shaping any 
metal soft enough to be cut with edge tools, that 
process is economically the cheapest, and as a rule the 
larger the chips cut away the less is the power con- 
sumed proportionately, The time and expense will 
also be found to follow approximately the same ratio. 
Grinding processes, paradoxical as it may appear, 
seem to be suited for the rougher kinds of shaping 
where exact dimensions are not essential, and for the 
finer kinds of shaping where exact dimensions are in- 
dispensable. As before pointed out, it may be called 
the first and last among metal-shaping processes, 
and by analogy represents the two extremes in 
respect to exactness. 

he flying dust from emery wheels, which con- 
stitutes one of the most serious objections to their 
use in engineering shops, can be almost wholly 
avoided by water grinding or pneumatic fans; in 
many cases where there would be difficulty in using 
water on the work dust can be avoided by setting a 
vessel of water beneath the point of contact, so that 
the dust and sparks will be thrown into the water and 
collected there. This little precaution, which costs 
nothing, can be applied in all kinds of cylindrical 
grinding, and should never be neglected. 

The steadiness of motion in emery wheels, on 
which their proper working depends, requires great 
care in balancing all parts, also in respect to bearings 
and driving-bands. The diagram, Fig. 12, shows a 
method of mounting the bearings of emery wheel 
spindles, which has given satisfaction in some cases, 
and is quite inexpensive. The large chamber a at 
the back is filled with some kind of lubricati 
paste, which will melt at a low temperature, an 
the smaller chamber at ¢, next to the wheel c, is 
filled with fibrous packing, loosely pressed in around 
the spindle at ». This prevents flying emery dust 
from finding its way into the bearing, and as the 





peculiar, matters apparently of but little import 


no purpose of recommending, except in rare cases, 


methods of shaping and cutting material as though. 
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flow of spent oil is outward through this packing 
nothing is by that means carried into the bearing. 
Hardened steel running on cast iron is perhaps as 
good as any combination that can be used for such 

rings. Softer metals, such as brass and white 
alloys, “hold” the emery dust, while close-grained 
cast iron permits it to work out with the oil. 





METALLURGY AT THE PARIS 
EXHIBITION.—No. VII. 
Tue Works at Pont-A-Movsson. 

Tue works at Pont-i-Mousson executed for the 
recent Exhibition in Paris a portion of the transmis- 
sion staging of the twomachine galleries (the columns 
and longitudinal girders), and the similar staging 
for the annexes, as well as the cast-iron work in the 
foreign machine gallery, and a portion of the iron- 
work in the Edoux Elevator. In Class 43 this com- 
pany had a very fine exhibit of cast-iron pipes, the 
manufacture of which is their speciality, and which 
are very remarkable both as regards the moulding 
and finish. The production of cast iron in the basin 
of the Moselle is an interesting study, because the 
district appears likely to be able to compete for a 
long while with advantage against other metal- 
lurgical centres, thanks to the geographical position 
of its mines; in fact, from the Grand Duchy of 
Luxembourg, as far as Nancy, there extends a vast 
ferruginous oolitic formation, the proximity of which 
to railways and canals permits of very economical 
working, the coal mines of the Saar furnish the ne- 
ceasary fuel, and it has been possible for ome 
years to establish blast furnaces near almost eac 
railway station in the two valleys of the Moselle and 
of the Meurthe. The basin of the Moselle is indeed 
the Cleveland district of the Continent, and at no 
other in France are to be found combined ores and 
fuel under conditions so favourable and in such 
abundance. In spite of the annexation, which de- 

rived France of the great works of MM. de Wendel 
in the old department of the Moselle, the depart- 
ment of Meurthe and Moselle is still the first in 
France for the production of cast iron, and makes 
to-day one-fifth of the total production of the 
country; Pont-i-Mousson manufactures one- 
twentieth of the total quantity. The works at Pont- 
a-Mousson are the most important of the group, 
delivering one-fourth of the whole yield of the de- 
partment; they draw their ores from Marbache, 
nine miles from the works, where the company 
































88e8 angertent concessions. The following 
able gives the analyses of different samples of its 
ores : 
Taste No. I. 
tO 2 . . - oa 
gs 2131/8 | S2 
St </3.| 6 gd js? 
Ch ° - : £ £ 
° eilgis i 43 188 
#8} |a2/8/3\é 2 | 2st 
$isi/esisigsig 3 |32 
Le = a s s = E °o 3 
a;/e/afi;a|< i | 
1} 247 /| 46) 85 | trace; 404 | 74 (213) 16 283 | 375 
2} 156 |114] 0.7] .. |-510|100| 83] 80 | 357] 413 
3| 289/| 69] 26 ~ | 801] 62 /255| 86 | 211] 296 
4} 208 | 41 | trace 577 | 78 | 95 | trace! 403] 508 
5h 168 | 220 | trace 3 319 | 149 | 92 23 223 268 
6| 213/48] 12] .. | 655 | 74/106) 2 389] 494 
7| 164 (932| O6 | ... | 987/125] 77] 11 2083) 244 
8 | 190 137 | trace} 0 | 284 /119| 66} 13 | 332] 409 
9} 204) 42] 08 © | 574| 83/85; 8 | 402] 505 
10 | 182/105 /trace} © | 487 |12' | 82) 15 341] 417 
11 | 184 |150| trace} © | 482 /128/46| 6 | 337| 413 
12} 166 | 59] 15 © | 614/66 \65| 5 | 430! 526 























It will be seen from thia Table that the Marbache 
ores are almost entirely exempt from the pyrites 
so freely met with in the minerals of the Basse- 
Moselle, the proportion of ere appears to 
increase with that of the lime, which is natural 
since it proceeds from the phosphate of lime con- 
tained in the organic detritus, but the presence of 

hosphorus being rather occasioned by shells than 
es veias of crystallised limestone, it follows that 
certain deposits containing a large proportion of 
these shells may show a highes percentage of phos- 

horus than the calcareous seams themselves. The 

ont-&-Mousson Works are situated at the gates of 
the city between the national road from Besancon 
to Metz and the Eastern Railway, to which it is 
connected by branches to each end of the works ; it 
is also in direct communication with the Moselle 


Canal. The extent of the works is about 32 acres, 
of which about one-fifth is covered, about 1} miles 
of ordinary gauge line are laid down over the ground, 
as well as some 4} miles of narrow gauge line; the 
total motive power in the establishment is 560 


horses, and 900 workmen are employed. The follow- 
ing Table will show the actual extent and condition 
of these works. 
Power of Annual Production. 

Four blast furnaces, total capacity 60,000 tons. 

Foundry, first and second melting, 20,000 tons. 

—_—~1 the manufacture of pipes cast vertically, 220 

mues. 

Motive power : 

Fifteen steam engines, collectively equal to 570 horse 


power. 
Fourteen steam boilers, collective heating surface about 
10,000 square feet. 
Fifty-eight cranes and machine tools. 
Area of works and annexe buildings 2,083,000 square feet. 
buildings covered 189,000 square feet. 


Broad gauge, 9180 ft. 

Narrow ,, 800 ft. 

The blast furnaces produce an average of 40 tons 
to 45 tons of cast iron per 24 hours, and they are 
able to run for eight years without being stopped 
for repairs. Blast furnace No. 3, after having pro- 
duced 74,000 tons of iron, remained a whole year 
closed and full of burning coke; it having been 
difficult to obtain sufficient supply of raw material 
during the last war, the three other furnaces 
were first blown out, then on the 11th of August, 
1870, No. 3 furnace full of coke was closed. At first 
it was attended to every day, then every month, 
and finally it remained three months without being 
touched. On the 12th of August, 1871, the ore was 
charged into the furnace, and on the 13th the first 
charge wasrun. Of the four blast furnaces, one is 
generally in work in white cast iron and one in 
grey. ‘These two classes are sold to the rolling mills 
of the Loire, the Nord, and the Champagne. The 
two other furnaces produce Nos, 2 and 3 pig. The 
cast iron is classified in these works on the English 
system in Nos. 1 to 5 with two sub-classes, The 
following is the classification : 

No. 1. Cast-iron black and very graphitic. 

No. 2. grey, with course texture. 

No. 3. pe me fine a 

Nos. 3 and 4. Cast iron, speckled grey, with small and 
very fine white points. 

No. 4. Cast iron, speckled grey. 

No. 5. 99 %” white, with large black spots. 

These irons have, like all those in the basin of the 
Moselle, the drawback of containing the phosphorus 
of the oolitic ore as well as the sulphur from the coke. 
They show moreover no great degree of resistance. 
When puddled, however, they produce an excellent 
material for the fabrication of iron rails. They are 
adapted perfectly for casting pipes on account of 
their fluidity. The most recent analyses have given 
for the white irons of Pont-’-Mousson the following 
composition : 


Taste No. II. 








Numbers of the Analyses ; | II. | III. 

Combined carbon 1.819 2.791 2.278 
Silicon... - | 1.080 0.733 0.576 
Manganese one «| 0.306 0.198 0.162 
Phosphorus 1.967 1,910 0.679 
Sulphur 0.375 0.410 0.456 


Anvther avalysis of these pigs made uader other 
conditions gave : 





se oa om 96.663 
Aluminum... eco < oes 0.021 
Calcium ar sai «dt eco 0.085 
Magnesium ... wm ine as 0.004 
Silicon... ue 0.597 
Phosphorus ... 0.110 
Sulphur ai ine eve we 0.236 
Combined carbon... de ooo ry 


Graphite wit ove dos ie 1 
The following is the cost of production of the 
white and grey iron during the month of August, 
1876 ; 
Taste No. III.—Cost of Production per Ton. 





| White Soon. | Grey Iron. 




















£ £ 
Coke 1.400 2.079 
Ore _ 650 .653 
Hand labour ... _ os -210 229 
Engines and hot blast al 077 -102 
Repairs and maintenance | 254 -200 
Total | 2.591 3.263 





The prices indicated above are a little diminished 
on account of the fall in prices of the Westphalian 
coke. These are now delivered at the works in the 
neighbourhood of Nancy at prices varying from 1/. 


pipes from .075 to .300 metre diameter, and 3 
metres in length, and from .250 to .800 metre dia. 
meter, 4 metres in length. To produce 1 ton of pipes 
about 1} tons of pig iron are employed, nearly all 
the excess having to be remelted and consisting of 
broken pipes, &c. If then the actual cost of iron 
for the purpose is 3.25/. per ton we have 14 tons of 
pig at 3.25/.=4.85/. Of the 1} tons, 450 kilogrammes 
or 990 lb. are returned to the furnace and have to 
be deducted ; the value of this may be taken at 1.26/, 
leaving the net cost 3/. 12s. 3d. per ton. For 

ipes cast at the second melting there are charged 
into the cupola 1 ton of scrap at 2/. 16s. and 1320 lb. 
of grey pig worth 1/, 19s., with 220 lb. of coke at 
2s. 3d., making a total of 4/. 17s. 3d., which with 
the cost of lighting and maintaining the cupolas 
comes to 4/. 18s. 5d., from which 1/. 5s. 2d. has to 
be deducted, leaving a total net cost of 3/. 13s. 2d. 
The expenses are, therefore, approximately the 
same for the first and second melting. The mould- 
ing of the pipes is paid by the piece according toa 
scale of tariff according to the diameter of the pipes. 
If we take as the base these pipes of .300 metre 
diameter the moulding for which costs 6s. 94d., and 
the weight of which is about 850 Ib., we can arrive 
at the cost per ton, as follows: 


£35. d. 

Healing rton os. on “ ; 17 7 
eaning the castings wee dan 2 6 
Cost of sand, drying moulds, &.... 016 6 
»» Machines andinspection... 0 3 4 
Testing, tarring, and loading — 2 2 
General charges = ese 011 6 
212 8 

Cost of metal and casting ... oe 312 2 
6 410 


This amount may be taken as the average cost 
per ton. The Pont-a-Mousson factory manufac- 
tures about 12,000 tons of pipes per annum, which 
represents about one-third the total French pro- 
duction as concerns tonnage, and one-half as re- 
gards length of pipes laid on account of the large 
proportion of small diameters produced. Of these 
12,000 tons about 8090 tons are exported into 
Germany, Switzerland, and Italy. The factory, 
although specially adapted for the manufacture of 
pipes, turns out also a very large amount of other 
castings, such as columns, brackets, and beams, as 
well as chairs and turntables for different companies. 
The following is a list of the average monthly pro- 
duction : 


Water pi ‘90° 
ater pipes  .. amr és en eco 
a e oie on a 
ipe joints wie 
Railway chairs ... 40 
i oa 120 
Hollow columns ws eee 117 
Castings for iron frameworks 54 
a5 gas works... ovo aun _ 33 
- construction of an artilleryshed 125 
ps the Exhibition buildings 75 


Total sos ove -. 1309 
The total annual production of the Pont-a-Mousson 
Works may be taken at 50,000 tons. 








ENGLISH INDUSTRIES AND AMERICAN 
COMPETITION. 
(Continued from page 171.) 
WorKSHOP: LEGISLATION. 


Since the year 1562 there have been more than 
ninety Acts of Parliament affecting or attempting 
to affect the conditions of the employed. ‘lhese 
laws are generally spoken of as the “* Factory Acts,” 
and form a very reliable means of tracing the re- 
lations between capital and labour during the past. 
It is not proposed to criticise the wisdom or 
expediency of special Acts from any other standpoint 
than that of their practical working at the present 
time, a matter not so carefully inquired into as it 
might be. We do not mean practical working in 
special cases, but the still mofe important matter, the 
interference of such Acts with the individuality and 
rights of those who employ and of those employed. 
Surely the criminal laws of any country should 
be sufficient to protect against wrongs in a civilised 
community without infracting the principles of 
free trade in labour by laws regulating a day's 
work, covering up driving bands, and other things 
of the kind. A manufacturer or factory owner 
under such laws arranges his works in compliance 
with the Acts, and there stops ; the state of his works 





to 1/. 2s. a ton. 





The works at Pont-d-Mousson manufacture cast 





with respect to cleanliness, safety, and light, and also 
the rules adopted in respect to labour, are not 
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founded on that idea of mutual bargaining, discussed 
in a former place. 

The most that can be done by Acts is to interfere 
with one in a score of those regulations necessary to 
maintain a proper relation between employer and 
employed, and the ultimate effect of all such legis- 
lation of the paternal kind, as we may call it, is 
generally to still further increase the difficulties 
under which labour is managed. 

The fewer the Acts the better the factories will be 
a safe rule. Good workshops and equitable regula- 
tion do not come from the effect of laws. No example 
of the kind can be found in this or any other 
country. Light, warmth, room, safety from danger, 
with all other much-needed reforms, must and do 
when truly attained rest on the principle of equity 
and expediency as well, which makes employer and 
employed the two parties to a contract. 

Free trade in its comprehensive and true sense 
reaches far beyond the removal of imposts on goods 
brought into a country. It deals with matters of 
even greater importance than imposts, and often in 
forms more obnoxious if not more injurious to in- 
dustry, so that in estimating how far manufacturing 
industries may be affected in future by legislation in 
this, or other countries, there must be included a 
great number of things besides impost duties. 

As American compeittion is a main branch of our 
subject, the present remarks will be ended with 
some notice of how manufactures were promoted, 
by being let alone, in the city of Philadelphia 
where the Centennial Show was held in 1876. The 
early founders of the city from the beginning set 
out to encourage industry, and the policy adopted, 
without any natural advantages such as water power, 
adjacent coalfields, or even a good sea-port, have 
raised the manufactures there to three hundred 
millions of dollars (60,000,000/.) annually. No 
petty vexatious regulations are allowed, and taxes 
are laid mainly—almost exclusively we may say—on 
land and real estate, but so constant and reliable are 
rents, and so rapid has been the increase in the 
value of land by reason of buildings being wanted 
for workmen and for factories, that land and 
property owners themselves have come to realise 
the advantages of the system, and if the matter 
were voted upon at the present time there 
would be no doubt a great majority of the land- 
owners in favour of the taxes remaining, as now, 
upon their property. There is, as before said, a 
studied avoidance of everything to interfere with 
free manufactures or free trade in labour, and at 
this time it may be said that Philadelphia is per- 
haps the only large city in the world where the 
earnings of a skilled man will so nearly provide for 
himself and his family an independent house, a home 
with every comfort, and means to educate himself as 
well as his children. Perhaps, too, it is the only 
large city where his social standing compels him to do 
an honest day’s work, because he is a man with 
the same cares and dignity as those who employ 
him, 

FutiLe EXPERIMENT. 


No inconsiderable portion of past efforts made in 
industrial progress must be charged to failures, and 
perhaps no phase of such effort has changed more 
during the last twenty years. 

We do not in this remark include what may be 
called commercial failure, for this is a different 
matter, but mechanical or scientific failure, wherein 
mistaken premises have been assumed, It is difficult 
to draw a line between the economic and mechanical 
conditions which attend on ordinary manufactures, 
but it is necessary to do so in order to understand an 
important difference between American and Euro- 
pean industries. 

In America the speculative spirit is more pro- 
minent, and extends to everything done ; failures of 
every kind are rapidly made and as rapidly for- 
gotten ; the chance methodis more followed, and it 
is to this no doubt, rather than any peculiar faculty 
of mind, that may be ascribed the boldness of inno- 
vation there. 

It would be a most difficult matter to determine the 
measure of good and evil resulting from futile 
experiments, Generally all is set down to loss, and 
certainly no one could recommend chance experi- 
ment as a means of improving skilled manufactures, 
yet there is something to be said on both sides. 

The celebrated Keeley motor- will serve to illus- 
trate. what is meant. This most absurd thing, 
amounting no doubt to nothing more than: the 
tricks of .a juggler, and in every respect a disgrace 
to the skill and knowledge of the country, when it 











was brought forward, has done much to awaken in~ 
quiry and investigation in respect to power, force, and 
motion. Such humbugs are possible only in a country 
where, as in America, every one assumes to think and 
judge for themselves, and where people do not, as 
in Europe, refer problems of the kind to men skilled 
in the subject to which the inventions belong. An 
ignorance of the fundamental laws which govern 
force and motion leads one to think of these matters 
as chance, and the followers of the Keeley motor 
faith are of this class, The writer, who has con- 
versed with quite a number who had faith and 
shares in the Keeley motor, has never met any one 
concerned in the matter who had a clear conception 
of the laws of force and motion, and perhaps there 
is no better way to educate such people than to have 
them buy shares in some alleged invention, pretend- 
ing to controvert and disprove scientific truths 
fixed and proved by the highest intellectual research 
by repeated experiment, and every test which common 
sense can demand. 

Our object is, however, to show how education 
comes from such things in America. Every one who 
paid any attention to the Keeley motor, or pretended 
to any scientific knowledge, had some theory as to 
the means of creating a vast static pressure by the 
machinery or apparatus employed. 

Men argued, talked, and read of mechanical 
principles who never before had given any attention 
to these things. The history of similar contrivances 
was hunted over, experiments were tried, in short, it 
may be questioned whether the technical books 
of a decade past have done so much in America to 
popularise and spread inquiry into the laws of dy- 
namics as the Keeley motor has done. In Europe 
the scientific method has pe ae the practical 
and experimental ; in America the opposite is the 
case. ‘There the general course of reasoning in 
technical matters is deductive, in Europe it is in- 
ductive, experiments are more carefully made and 
sooner abandoned. When we quit in despair the 
American is only ready to begin, and whether 
success of original plans follows or not, something 
must come out of each new effort. 


The development of the telephone in America will | i 


serve as an illustration, almost a past one, to show 
the rapidity and persistency with which new things 
are pressed forward. It is a common saying that in 
England people wait until the Americans are done 
experimenting, and then adopt what is good, avoid- 
ing their mistakes. This is a method which seems very 
well in theory, but is often wrong in practice, because 
but few improvements are permanent, and each is 
followed by something else, so that waiting for 
evidence is much the same as being behind. 

To offer a comment on this facility for change 
in America, one conclusion which presents itself 
is that the conditions now existing there are 
spasmodic, and will in time puss away. 
it is true, no present indications of this, but the 
circumstances which give rise to and enable such 
versatility and restless change are found in econo- 
mical and social conditions which must in time 
assimilate more with those of older countries. 


(To be continued.) 





PHYSICAL SCIENCE AT THE PARIS 
EXHIBITION.—No. X. 
LiguTHousE APPLIANCES, — II. 

IN our last article* we gave a general idea of the 
lighthouse appliances at the Paris Exhibition as they 
would present themselves to a person taking a 
somewhat hurried walk through the galleries and 
pavilions in which they were exhibited. From that 
preliminary notice our readers will have learnt that 
the contributions of Messrs. L. Sautter, Lemonnier, 
et Cie. formed by far the most considerable part of 
the exhibition as far as this class of objects was con- 
cerned. We now illustrate on pages 210 and 211 the 
very excellent dioptric arrangement introduced by 
Messrs, Sautter and Lemonnier for the illumination of 
floating lights, this possessing many points of special 
scientitic interest, and being a very great improve- 
ment upon the old catoptric system of a number of 
reflectors which produced an inferior light at an 
immensely greater cost, and involved far greater 
labour to maintain in efficient order. Mostof the 
lightships around our own shores are still illumi- 
nated on the old system, but itis only at greater 
expense.in. extra consumption of oil and wear and 
tear, of reflectors .due to incessant polishing, the 
labour for which. is not.considered an objection, on 
the ground that the light-keepers on lightships have 
* See ENGINEERING, page 139 ante. 








There are, | q 


so little to do that it is rather an object to make 
work than to economise it,and the trimming of the 
lamps and the polishing of the reflectors “all come 
in the day's work,” and as such need not be dis- 
pensed with. Such arguments may be very true, 
and doubtless are, in a ial sense, but as a 
scientific question they savour too much of the 
special see by which the throwing away of 
convict labour and the wasting of mechanical energy 
in the treadmill are defended, and certainly are 

: i in an age which boasts of the aid of 
science being brought to bear upon everything, and 
above all upon the expenditure of power. But, 
apart from such considerations, the greater con- 
sumption of oil in the multiple catoptric system, to 
say nothing of the interest on prime cost, and the de- 
preciation from wear and tear form strong reasons 
in an economical point of view for dioptric a 
pao to take the place of the old reflectors in 
ight-vessels and small lights, as it has in all the 
= and more important lighthouses, 

he apparatus which we illustrate this week is 
shown in elevation in Fig, 1, in plan in Fig. 2, 
in sectional elevation in Fig. 3, and in sectional 
= in Fig. 4. On reference to these figures it will 
e seen that the apparatus consists of three dioptric 
lanterns disposed around the mast of the lightship 
at equiangular distances apart. h swings be- 
tween the jaws of a gimbal fork carried by a pair of 
iron rings connected by distance pieces, these rings 
embracing the mast and being capable of being 
raised and lowered upon it by exceedingly well- 
arranged gearing. 

The optical portion of the lanterns, which is of 
precisely the same construction in each of the three, 
consists of a cylindrical dioptric apparatus illumina- 
ting two-thirds of the horizon, ond as these are 80 
disposed around the mast as to illuminate three arcs 
in azimuth of 240 deg. each at angular distances 
em of 120 deg., it follows that the illumination 
of any point on the horizon is equal to that of two 
of the lamps. Each apparatus consists of a central 
refracting zone between two refracting belts each 
peepee of four annular prisms shown in section 
in Fig. 3, and in elevation in Fig. 1. The lamps are 
constructed to burn petroleum oils, and by the ar- 
rangements shown in the drawings, but especiall 
clearly in Fig. 3, perfect ventilation is insured, 
while the flame and apparatus are completely shielded 
from the effects of, wind and rain, both of which are 
of course exceptionally violent and penetrating in 
the very exposed situations in which light-vessels 
are usually placed. The weight of the whole 
apparatus—that is to say all that has to be raised 
and lowered, comprising the sliding rings, brackets, 
gimbals, lanterns, optical apparatus, and lamps 
—is under 7 cwt, (350 kilogrammes), thus effect- 
ing a great saving both in the lifting power re- 
ired and in wear and tear of working parts, and 
materially adding to the stability of the vessel by re- 
ducing to a minimum the top weight. Under the 
old system the apparatus weighed in most cases over 
a ton, and it could only be manipulated with cum- 
brous machinery which in itself was no mean addi- 
tion to the dead load on the ship. 

The lifting gear is very simple in construction, 
and is on the system designed by MM. Megy 
and Echeverria, and of which MM. Sautter, 
Lemonnier, et Cie. are the introducers; by it the 
apparatus can be gently raised or lowered without 
the slightest jerk, and the use of ratchets and pawls 
is entirely dispensed with, for the winding drum 
has no tendency to run back, and the winding 
handle can be left to itself when either raising or 
lowering without any chance of its running round 
or allowing the load to descend by itself. 

Like all the work emanating from the workshops 
of this eminent firm, the apparatus which we have 
briefly described in this notice is thoroughly well 
designed and carried out with remarkable ection 
of workmanship and finish. 

We are informed that no less than five-and-twenty 
lightships, chiefly off the, North German coasts, 
have already been fitted with apparatus upon this 
principle, and we cannot refrain from expressing the 
hope that the time is not far distant when the 
cumbrous, troublesome, and very inferior apparatus 
with which so many of the lightships around our own 
shores are fitted, will be removed to give place to 
some system involving less expenditure of money 
and labour for maintenance, and one which is more 
in accordance with the demands of scientific pro- 
We feel sure that the Corporation of the 








Trinity House, who have always maintained so well- 
merited an eminence for being foremost in adopting 
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the most perfect and most philosophically accurate 

tus for the fixed land and rock lighthouses, 

as occasion offers do the same with the smaller, 

‘but hardly less important beacon lights which float 
around our shores. 

In our next article we shall illustrate and describe 
the large optical dioptric lighthouse apparatus and 
lantern for the electric light, designed and con- 
structed by MM. L. Sautter, Lemonnier, et Cie., 
to which we referred in our last notice, and which 
formed so attractive a feature in the French Ma- 
cbinery Gallery of the Paris Exhibition. 








LOCOMOTIVES AT THE PARIS 
EXHIBITION.—No. XVI. 
BELGIUM—(continued). 

RATHER more than two years ago we illustrated 
in this journal (vide pages 106 and 107 of our twenty- 
third volume) a steam tramcar constructed at the 
Arseval, Malines, on M. Belpaire’s system, a dis- 
tinguishing feature in this tramcar being the peculiar 
form of boiler employed. The steam carriage, con- 
structed by the Compagnie Belge pour la Con- 
struction de Machines et de Matériel de Chemins 
de Fer, of Brussels, for the Belgian State Railways, 
and exhibited by them at Paris last year, was also 
built on M. Belpaire’s system, and, as will be seen 
by the two-page engraving of it, which we this week 

ublish, it resembles in many points that which we 

ormerly illustrated. Referring to Figs. 1 to 6 of 
our two-page sheet, it will be seen that the vehicle 
is mounted on six wheels, the leading pair of wheels 
being the driving wheels, and being mounted on a 
ceonbed axle, while the two other pairs of wheels 
are carrying wheels only. The leading axles are 
parallel to each other, and are without lateral move- 
ment, while the trailing axle is free to move obliquely 
sideways, 80 as to assume a position approximately 
radial to the curve the carriage may be tranversing. 
This lateral movement is provided for by allowing 
the brass bearings of this trailing axle to move 
obliquely in their axle-boxes, the arrangement being 
shown by the detail views Figs, 7 to 10. 

The wheels are all of one size, namely, 3 ft. 2.6 in. 
in diameter, and the total wheel base is 22 ft. 3.7 in., 
the fixed wheel base being, however, 7 ft. 2.6 in. 
only. The total length of the vehicle over buffers 
is 40 ft. 2in., the frame carrying at the leading end 
the engine-driver’s platform and the boiler, while 
behind the latter is a body 26 ft. 1.6 in. long, divided 
into three compartments, as shown in Figs. 2 and 5. 
Of these compartments, that next the boiler is for 
luggage, while separated from this compartment by 
a transverse passage are the two passenger com- 
partments, that next the rear being for first-class 
passengers. The arrangement of the seats is clearly 
shown by Fig. 5, from which it will also be seen that 


access to the first-class compartment can be had} .Ss\\ 
Ss) 


from a platform at the rear of the vehicle, this plat- 
form being furnished with side steps as shown. 


Access to the second-class compartment is gained $5 ty: 


from the transverse ready referred to, 
while there are also sliding doors in the ition 
between the two com ents, so that the guard 


can pass from one to the other, ‘The luggage com-| A 
oors, one 


partment is provided with three slidin 
opening to the transverse pasenge, while the others 
are situated one on each side of the vehicle. 

The body is 9 ft. 6.2 in. wide outside, and its 
height outside is 6 ft, 10.7 in. at the centre and 
6 ft. 2.8 in. at the sides. The first and second-class 
compartments are of almost identical dimensions, 
and they each accommodate twenty-two passengers, 
namely, six on each side seat and five on each central 
seat, rather more than 19 in. length of seat room 
being thus allowed per passenger. The rear plat- 
form also affords standing room for four persons, of 
whom one is the guard in charge, the vehicle being 
thus capable of accommodating a total of forty-seven 
— exclusive of the guard. The fittings of 

th com ents are very well carried out. In 
the first-c compartment the seats are comfort- 
ably cushioned and provided with padded backs. 
The panels of the doors and partition in the com- 
partment are of maple, the frames being of Italian 
and the mouldings of American walnut. The roof 
is of pitch pine varnished, and all the metal fittings 
are nickel-plated. In the second-class compartment 
the seats with their backs are formed of laths of 
mahogany, and the panels of the doors and i- 
tions are of plane-tree with mahogany mouldings. 
Each compartment is lit by a single good-sized lamp. 
The floor in the first-class compartment is covered 











DIOPTRIC LIGHT FOR LIGHTSHIPS. 
CONSTRUCTED BY MESSRS. SAUTTER, LEMONNIER, AND CO., PARIS. 
(For Description, see Page 209.) 
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by a carpet, and in the second-class com ent | while the smaller central panes are mounted in 
by oilcloth and cocoa-nut matting. As will beseen | metal frames, and open and shut in the usual way. 
from the side elevation, Fig. 1, each compartment | The frame of the a is of teak, and a 
has three windows on each side, the two larger angen is lined with pitch pine v = 
sashes on each side of each compartment being fixed, | In the case of the carriage exhibited, the genera 
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DIOPTRIC LIGHT FOR LIGHTSHIPS. 
CONSTRUCTED BY MESSRS. SAUTTER, LEMONNIER, AND CO., PARIS. 
(For Description, see Page 209.) 
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finish of the body both inside and out was exceed- { Of these latter one at the front end is of the same 
ingly good and in excellent taste. section as the longitudinal frames, while the other 

The main frame of the vehicle consists of a pair of | seven are channel irons 6 in. deep, the whole 
longitudinal channel irons 9.84 in. deep connected | being well connected together by angle - irons 
by the headstocks and by eight transverse bearers. | and gusset plates. The wheels are of wrought 





iron forged by hydraulic pressure on Brunon’s 
system, and the axles, both straight and cranked. 
are of Bessemer steel. The axle-boxes are arranged 
for oil lubrication from below on Gobert’s system, 
this type of axle-box being universally used on the 
Belgian State Railways. As we have already stated, 
the trailing axle-boxes are arranged as shown in 
Figs. 7 to 10, so as to permit the trailing axle to 
assume a radial position. 

We have now to deal with the arrangement of 
the boiler and engines with which the vehicle is 
fitted, the former being shown in detail by Figs. 11 
to 15 of our two- engraving, while the latter 
are illustrated by Figs. 16, 17, and 18 on page 214 
of the t issue. The positions of the engine 
and boiler on the carriage are shown clearly by the 
general views, Figs. 2 and 5. From these views it 
will be seen that the boiler is placed transversely 
almost directly over the driving axle, the firebox 
being fired from the side next the front of the engine. 
As represented in Figs. 11, 12, and 13, the boiler 
consists of two respectively 2 ft. 5.5 in. and 
1 ft. 7.7 in. in diameter united as shown in Figs, 12 
and 13, and strongly stayed transversely at the line 
of junction. The firebox casing spreads out to a 
width considerably greater than the diameter of the 
boiler, as shown in Fig. 12, the greater of the 
firebox crown being stayed directly to the casing in 
the same manner as the sides, there being, however, 
at the centre of the crown a row of stays extending 
to the top of the upper barrel, as shown. This last- 
mentioned arrangement is open to the objection that 
the downward pull thus exerted upon the upper 
barrel disturbs the equilibrium of strain in the shell 
= at this point, and tends to produce lateral 

ulging. From the firebox the hot gases traverse 
tubes as in the ordinary locomotive boiler, but the 
smokebox into which they are discharged is arranged 
so as to encircle the barrels for about half their 
length, the hot gases being thus brought into contact 
with a large portion of the external surface of the 
boiler shell before escaping to the chimney. The 
portions of the upper barrel or steam reservoir ex- 
posed to the hot gases are protected by a shield or 
casing of copper plates 0.08 iv. in thickness, At 
the bottom of the smokebox provision is made for 
the discharge of cinders, &c., by opening a valve. 
The firegrate is adapted for burning dust coal, and 
is composed of bars 0.31 in. thick placed 0.16 in. 
apart, the portion of the grate furthest from the 
firedoor being hinged so that it can be dropped 
when desired, The boiler shell is made of iron 
plates of the best quality throughout, while the 
firebox is of copper and the tubes of brass. The 
chief proportions of the boiler are as follows : 


ft. in. 
Length of tubes between tube-plates ... 4 9.3 
Diameter ,, outside ... ae a 0 1.24 
Number , .«. chi oe 153 
aq. ft. 
Heating surface: Firebox ... 26.5 
Tubes (outside) 237. 
Total .. Pan oe 263.5 
Grate area ... sie os sco; ae 
Sectional area throughtubes ..._ 1. 
Ratio of grate area to total heating 
surface ... ati ‘ha se oe. 2 tba 
Ratio of sectional area through tubes 
to firegrate area oo ei ew At SD 
Pressure of steam... = +» 147 lb. per sq. in. 


The boiler is fed by two No. 4 injectors, the feed- 
water being contained in a tank fixed under the body 
of the vehicle, and filled through a tube extending 
to the leading end of the engine, as shown in Figs. 1 
and 2. The tank contains 242 gallons of water, 
— the coal bunkers have a capacity of 20 cubic 

eet. 

Referring to Figs. 16, 17, and 18 on page 214, it 
will beseen thatthe cylinders with the guide bars, &c., 
are mounted on a wrought-iron base-plate stiffened 
by side frames of plates and angle-irons, the whole 
being hinged at one end to the Nee axle by suit- 
able bearings, while at the other it is slung from the 
frame of the vehicle by a link jointed so as to be 
capable of swinging in any direction. The steam 
and exhaust pipes are long and jointed so as to 
possess the required amount of flexibility, and the 
whole arrangement is such that while the cylinders 
are always maintained in a fair line with the crank, 
the whole vehicle is capable of rising and falling 
freely on the flexible springs on which the e 
is mounted, while, moreover, the driving wheels 
with the whole of the engine preber can be readily 
detached from the vehicle and run out for examina- 
tion or repairs. The cylinders are 6.7 in. in dia- 





meter with 12.6 in. stroke. The vehicle is fitted 
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with the Le Chatelier counterpressure brake ar- 
rangement, and a brake of the American type is 
also fitted to the middle and trailing wheels, 
shown in Fig. 2. 

The weight of the steam carriage we have been 
describing is 16.35 tons empty, distributed as 
follows : 


tons. 

On leading wheels... ove —, oo, , en 
»» middle a dan cae oon on 4.35 
” trailing ” vee ee oe eee 3.3 
Total ~ 16.35 


In working order, and carrying fifty passengers 
and half a ton of luggage, the weight becomes 
20.1 tons, of which 8.95 tons rests on the leading 
wheels, 5.4 tons on the middle wheels, and 5.75 tons 
on the trailing wheels. The speed for which the 
carriage is intended is 30 kilometres, or rather less 
than 19 miles per hour. 

Last year five steam carriages of the type we have 
been describing, and, constructed by the Compagnie 
Belge, were in use on the Belgian State Railways, 
and the experience with them showed that the 
average fuel consumption did not exceed 2 kilo- 

mmes per kilometre, or about 7 lb. per mile. 

ey are worked by two men, namely, an engine- 
driver (who acts also as stoker) and a guard or con- 
ductor, and taking the distance annually run as 
30,000 kilometres (18,651 miles) the total cost of 
working, including wages, fuel, repairs, and re- 
newals and interest on capital is found to be but 
about 37 centimes per kilometre, or about 6d. per 
mile, an amount which would be about — by 
10 third-class passengers according to the Belgian 
tariff. We have on former occasions expressed the 
opinion that steam — such as those designed 
some years ago by Mr. Fairlie and others might be 
very advan usly —— for working the 
nger traffic on branch lines, where such traffic 
is small, and the results attained in Belgium with 
M. Belpaire’s steam carriages strengthens this 
opinion, The arrangement devised by M. Belpaire 
has many | — while in the particular car- 
riage we have n describing, the constructive 
details have been exceedingly well carried out by 
the Compagnie Belge. 








ELECTRICAL INDUCTION. 
Experimental Researches into Means of Preventing 
Induction upon Lateral Wires.* 

By Prory. D. E. Hueuss. 

THE induction upon lateral wires has of late years been a 
serious question upon telegraph lines—the constantly in- 
creasing number of wires upon the same poles, added to the 
adoption of high speed and consequent sensitive apparatus, 
renders the study of these effects of the first importance. 

The disturbing effects have become each year more and 
more remarked ; and in 1868, by the desire of the French 
Telegraph Administration, I undertook a series of practical 
experiments, with the view of finding a remedy. I at once 
perceived that we had to deal with a question of a more 
complicated nature than was at first supposed. We found 
then that we had to deal with the static charge of its own 
line and the dynamic induction of the lateral wires ; that 
the effects of each were very different ; and whilst it was 
easy to deal with the comparative feeble static charge, the 
more powerfal and rapid effects of dynamic induction 
could bardly be suppressed. By introducing extra resist- 
ance coils we pote reduce the induced current, but, at the 
same time, we should reduce the current with which the 
line was working. The remedy was in most cases (par- 


aid of these we might investigate, theoretically, the cause 
and remedy for lateral voltaic induction. 

The following experiments are a résumé of the results 

obtained : 
We made use of three te and distinct means of re- 
search. The first consi of two or more parallel wires, 
20 ft. long : the one being used as a primary was connected 
to bat and microphone, with clock as source of sound 
(both ends of wire being to earth). The secondary wire, 
upon which the induced current was observed, was con- 
— to telephone—both ends of this line also being to 
earth. 

The second arrangement was made, in order to study the 
effects upon a much shorter length, and with more accuracy 
than could easily be obtained on the longer line. 

Two parallel—1 millimetre—copper wires were stru’ 
upon a board, 15in. by 15in.; these wires were placed 
10 in. apart, and both united at one end with 1 Daniell 
element placed near. The free ends of these wires could 
be put alternately in connexion with battery; and thus, if 
we surrounded one of these wires with tin-foil, or other 
means of protecting wires, we could observe the degree of 
protection obtained, by epee | it with the unprotected 
wire. A difficulty was at once felt in obtaining sufficient 
induction upon a parallel wire of such a short length. We 
obviated this, however, by the construction of a flat rect- 
angular coil of 100 turns, having 4 in. side exterior. 
Now, by placing either of the sides of this coil near 
primary wire, we had 100 parallel insulated wires, of a few 
inches—the influence, therefore, was multiplied greatly ; 
we had also in this coil, on the opposite side, 100 parallel 
layers running in a contrary direction, so the resultant 
strength of current was simply that due to the different 
distances ; and it was in order to diminish this, as far as 
practicable, that we made the coil square. The sound 
obtained by this means was amply sufficient for all the re- 
searches needed. 

The third means was that usually employed, namely, the 
use of coils either superposed or wound together in the 
same helix ; by this means powerful effects could be easily 
obtained ; and as the results were identical, and verified by 
the three systems, we will at once relate the experiments 
with coils. 

I. If we construct two flat coils of 100 yards of No. 30 
copper wire each, and join one as primary to battery and 
microphone, the second coil as secondary, joined to tele- 
phone alone, we find that by placing one of these coils near, 
or within a few inches distance from the other, we hear dis- 
tinctly the sounds of the clock on the microphone. Our 
—_ now being to screen the secondary coil, so as to 

uce the induced current, and consequently sound ob- 
tained on telephone, we joined both coils to the same earth 
plate, without effect. We then took a sheet of copper, 1 
millimetre thick, 12 in. square, and placed it between the 
coils, without effect ; joined both coils to this plate, as if it 
were an earth plate between the coils, but no perceptible 
reduction of the induced current was thus obtained. We 
then put 10 thin ,, in. iron plates, 18 in. square, between 
the coils, again joining them as earth, but still no percep- 
tible reduction. 

II. The two coils were surrounded with several layers of 
tin-foil, thus enclosing each separately in a continuous 
metallic sheath. This, however, had no effect, and sounds 
were quite as loud, even when the sheaths were joined to 
earth. Placing both these metallic covered coils in a vase 
of salt water, and all to earth, had not the slightest effect, 
even when the copper plate was also interposed between 
the coils. Theoretically, these two coils here represented a 
submarine cable ; and as we shall see by some following 
experiments, neither the sea water, nor even a metallic 
sheath or tube around each wire would entirely prevent 
dynamic induction ; and this has been proved in practice, as, 
upon a trial of the telephone between Dover and Calais, a 

orse message was clearly read by Mr. Bordeaux, simply 
by the indaced current from another wire in the same cable. 

III. A single coil was made, having four separate in- 
sulated wires all wound together in the same direction. 
We could thus join these coils at their free ends, making 
several combinations each giving very different results. 
We will call these separate coils Nos. 1, 2,3, and 4—the 
microphone remaining on primary, and telephone on 

No. 1 joined to microphone, No. 4 to telephone 





ticnlarly during faulty insulation) worse than the di 
Condensers — polarisation batteries would allow the mo- 
mentary induced currents to act, whilst they prevented the 
more prolonged currents of the distant station. The only 
Semele we then found was by the introduction of an 
electro-magnet, with an armature fixed — its poles— 
thus being a closed magnetic condenser. is practically 
absorbed or destroyed all the short momentary currents ; 
but then if on this line the apparatus was working at high 
apeed, with consequent short currents, we practically cut 
off the best part of the current needed. 

In this case, whilst the remedy was practically perfect 
for an apparatus at low speed with com tive long 
currents, it was useless for those working at high speed re- 
quiring shorter currents, and consequently more sensitive 

of reception. 

Other duties prevented me at that date from following 
up this line of research. The disturbances on the lines 
from this cause have been on a constant increase from the 
adoption of more rapid, and consequently by more sensi- 
tive, organs; and in the telephone we have at last arrived 
at an organ of rapidity and sensitiveness, which not only 
reveals the constant induction, but which is the main 
a = ae Ngee been more largely 
adopwd upon telegraph lines. 4 

Tn a late paper upon induction} we brought to notice the 
powerful organs of research in this field that we possess in 
the telephone and microphone ; and we thought that by the 


* Paper read before the Society of T ph Engineers. 
+ ‘* Comptes Rendus de |’ Académie des Sciences,”’ Paris, 
December 30, 1878, and January 20, 1879. 





—induction strong, and consequently sounds loud and 
clear. Nos. 1, 2, 3, to microphone, all same direction, 
No. 4 to telephone—no perceptible increase of sound by 
the in quantity or surface; similar results when 
1, 2, to microphone, and 3, 4, to telephone. 

Thus by no combination of parallel wires can we hope to 
diminish induction ; but if we join No. 1 and 2 to micro- 
an so that the current from 1 returns by 2, then we 

ave a complete screen—no sound whatever being now 
heard on the secondary coil No. 4. The same effect takes 
place if we join 1, alone, to microphone, and 3 returning by 
4to telephone. Consequently, if a telegraph line or a tele- 
phone line had a return wire upon same poles, and absolutely 
equidistant from the inducing wire, we should have perfect 
protection, from the fact that the primary would then in- 
dace parallel currents in both wires in the same directiou, 
but contrary to itself, and these parallel currents would, 
being of equal force, neutralise each other. The remedy 
here is complete, although it is true that it would introduce 
a double resistance, and the cost of a double wire cable 
would probably prevent its use. Leaving, however, the 
practical objections to its use aside, we shall see by some 
following experiments that the remedy as regards preven- 
tion is absolute. 

IV. Taking the same 4-wire coil, and joining 1, 2, and 3 
to microphone, so that current goes through 1, returns by 
2, and back again by 3, we then hear on No. 4 only one 
half the induction that would be caused by either wire 





alone. 
V. Using still the same 4-wire coil, and sending by 1 
and returning by 2, no sounds are heard as we have 





shown, out if we short circuit either 1 or 2 we at once hear 
strongly the sounds induced by the coil that is not short 
circuited, in this case without interrupting the flow of the 
current or breaking the communications. We have pro- 
duced or annulled an induced current merely by mene off 
its protecting contrary direction coil, and if the microphone 
instead of being placed in the direct primary circuit is 
ay between the junction of 1 and 2, and either coil, we 

ear the sounds not by any variation in the primary 
circuit, but simply by the more or less protective influence 
of the return wire. 

VI. If instead of a return of wire of same length in this 
four-wire coil we use ashorter wire in same coil, it does not 
protect it, except for the same length as the protective 
wire ; and if'as return we use an exterior coil at some dis- 
tance apart but of same length as primary, it does not 
protect it at all; this is evident, as from theoretical con. 
siderations we know that the return wire must be equi- 
distant, and should be of equal length and diameter. 

Knowing that a ‘metallic envelope diminishes in a 
slight degree the induction—first, by the work done in in- 
ducing parallel currents in this wire itself when on a closed 
circuit, and secondly, by the consequent diminution of 
force after such work—we tried how the many similar 
closed coils, introduced between the primary and secondary, 
would reduce the amount of induction to one-quarter of its 
original amount. The primary and secondary being placed 
6in. apart, the introduction of one or two similar coils 
between them gave no perceptible reduction of force, and 
it required twelve such coils to reduce the induction to one- 
quarter of the original amount, and this reduction only 
took place if the interposed coils had closed circuits; the 
instant the circuits were opened there was no perceptible 
difference with or without the twelve interposed coils. 
From this we draw the conclusion that the only reduction 
takes place when work is done in interposed coils by being 
on a‘closed circuit, and that it would require a tube of metal 
to surround a conductor at least twelve times the amount 
of primary wire, in order to reduce its inductive effects to 
the one-quarter as above stated. 

VIII. The results obtained with coils were now applied 
to two lateral wires in a straight line 20 ft. long—the 
primary being insulated by gutta-percha, and covered ex- 
ternally with tin-foil several times. Here we had the exact 
conditions which have been more than once pro as & 
remedy or prevention of induction for the use of telephone 
lines. This covering, however, was found to be no pro- 
tection at all, the induction was equally as strong with ex- 
terior coating to earth or open—theoretically there should 
have been a slight, and, as we have already seen, very 
slight reduction, but the difference was not perceptible. 
The induction through this protective covering gave loud 
sounds on telephone, but if we used the outer tin-foil 
covering ins of a return wire for primary, then 
no sounds at all were heard ; in fact it formed a perfect 
protection, as we have ly seen, in the four-wire coil. 

IX. The short local wire of 15in. already spoken of as 
the “‘ second arrangement,”” was now used. The primar 
wire was led through a glass tube 12 in. long, which ha 
ten coverings of tin-foil, all joined toearth. This arrange- 
ment proved, as above stated, of no avail; the current 
however being returned by tin-foil covering proved a per- 
fect protection. In addition to the ten tin-foil coatings we 
added twenty coatings or cylinders of thin charcoal iron 
—making an exterior diameter of 4in., and a total thick- 
ness of metallic sheath of jin. between primary and 
——s wire. As but little reduction was perceptible, 
we p a magnetic needle, suspended by a silk thread, 
at a distance of 4in. from the primary, and measured the 
deflection by current. Without any protective coating it 
gave 3deg. deflection, with glass tube and ten tin-foils to 
earth 3deg., with the additional twenty iron cylinders 
about 2} deg. ; thus the magnetic lines of the voltaic current 
pass easily through non-magnetic and magnetic bodies, and 
as the dynamo induction is due to the change in this field 
of force, it is easy to see why the numerous metallic sheaths 
failed to arrest the inductive force. 

We have seen by the preceding experiments that we 
should have perfect freedom from induction if we employed 
a return wire at equal distances from the inductive wire, 
and instead of a metallic sheath, as we have seen might 
serve, it would be-best to employ two separate gutta-percha 
or insulated wires, and in order that each wire should have 
absolute equal effect, a slight twist of these two wires 
should be given, this twist would then successively bring 
each portion under equal influences. 

Since making these experiments we have learnt that Mr. 
David Brooks, of Philadelphia, first suggested a twisted 
double wire as above described as a preventive against in- 
duotion, and that it has also lately been patented by Pro- 

essor b 

A more perfect solution of this question than that of 
using a double wire with one as a return, giving double re- 
sistance to that of an ordinary wire, would be to use a 
double wire having a slight twist, each wire acting as an 
independent line with its own earth at each station, and its 
own separate battery at transmitting station. The trans- 
mitting instrument should be so arranged as to send simul- 
taneously positive in one line and negative in the other— 
these if of equal force would exactly balance each other as 
regards induction on other lines. The receiving electro- 
ae should be wound differentially, or, what would be 
still better, should have two separate wires wound together. 
The external end of one of these wires should be to one 
line, and the internal end to earth; the other wire should, 
on the contrary, have its internal extremity to the other 
line and its external extremity to earth. 

The effect of this would be, that if any current of same 
direction passed both wires at the same instant, no effect 
whatever would be felt on the balanced electro-magnet, 
but if two currents, each of opposite direction, passed 
through the coils or electrio- et, then it would work 
at its maximum effect ; we sh thus have a double wire 
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line with less resistance than the single wire, with complete 
freedom from earth currents, dynamo induction, and-from 
all extraneous disturbing causes. 

If two ordinary aérial lines are thus used, they should 
have the twist given to these wires by c ing their 
position relatively to other wires from vertical to hori- 
zontal, and vice versé, at each pole or mile—thusif we had 
two lines A and B they should have these four relative 


positions repeated as often as possible, viz: A B, then : 


A 
then B A, and B 


We have tried to a find a theoretical remedy by means 
of which a single wire would be free from this disturbing 
influence, and we have found that there is no possibility of 
a perfect solution of this question, provided that we send and 
receive on alternate wires at the same end, but if all the wires 
send in one direction during a stated periodonly, or work 
constantly in one direction only with one set of poles, re- 
ceiving by another route or set of poles, then the resolution 
of this question becomes not only theoretically possible, but, 
I believe, practically so, provided the lines are, as in 
France, all arranged in one plane, or nearly so—the only 
departure from the vertical plane, consisting in the 
wires being alternately strung on each side of the poles 
—and this is perfectly followed by the compensating in- 
strument, which I have the honour to present this evening 
for the first time to public notice. 

Suppose three or more parallel lines, A, B, and C ; now, 
A toluene a current on Band C proportional to its force 
of battery power and the several distances of these wires 
from the inducing wire. If we can send into the wires B 
and C an opposing current of exactly equal strength and 
duration to that of the induced current, we evidently 
reduce the induced current to zero, and have consequently 
no disturbing effects on those wires. 

After numerous experiments, I have found that if coils of 
wire be so placed in relation to each other, that their rela- 
tive distance represents the relative distance of the wires 
from each other, and if each line at its transmitting station 
be joined to earth through these coils, then in passing the 
battery current through one of these coils to its line, it 
would induce a current whose direction would be contrary 
to itself ; and as this would be exactly what takes place on 
the line itself, we should (supposing the coils to have equal 
inductive force to the lines) simply double the induced 
current, and the disturbing effects would be twice as much 
as what they were before the use of the coils: but if at the 
same instant that we send battery on line we reverse the 
terminals of the coil in relation with it, then the induced 
current sent by coil will be in the same direction as battery 
on primary, and this would neutralise the contrary direc- 
tion of the induced current, reducing it to an absolute zero. 

Ihave embodied this idea in the instrument which I 

resent this evening, consisting of a series of coils of insu- 
fated iron wire. There are two of such coils, 10 centi- 
metres diameter, 100 metres long, connected together so as 
to form a single line; these are placed at a distance of 
10 centimetres from two similar coils, and between them, at 
the distance of five centimetres, is a single coil. We have thus 
two long lines and one intermediate short one. The induction 
of these coils on each other represents theinduction on similar 
iron aérial wires; the effects, however, are much greater 
with coils than on straight wires, and this fact allows us to 
reproduce with a hundred metres of wire only the full 
amount of induction on a line of a hundred miles or more. 
The reason of having a shorter intermediary coil is, that it 
represents, as we have found, the most difficult portion of 
the problem. 

To compensate for the induction on these lines, we have 
three small No. 32 copper (covered) coils; these are so 
arranged on a graduating scale that they can be gradually 
approached until the exact balance for each line is found ; 
and this is found very rapidly, for we have only to slide it 
until complete silence is obtained from the induced currents 

assing other wires. These coils have no necessary abso- 

ute relation as to length or power to that of line, as we 
can increase the force by approaching them ; but in the 
case of intermediary wires, and also several wires of same 
or unequal length, the coils should bear a definite ratio to 
the length of the line, say 100 metres of copper coil to 100 
miles of line ; but, from the powerful effects I obtain with 
the coils I have experimented with, I believe that 100 
metres per 500 miles of line would be amply sufficient. 

Each coil should be reversed by the key of the instrument 
at the instant of putting on the battery, and with these 
conditions the sompensation is most ect, and lines that 
were full of powerful induced currents all become perfectly 
free from it, whilst it in no way militates inst the 
transmission of the battery current on its own line. But 
as our object this evening is not to bring forward new in- 
struments but to discuss the question generally, we will at 
Once sum up our conclusions. 

There are three points on ordi ay line or lines 
where we may attempt a solution of the difficulty by com- 
pensation or other neutralising effects, namely—receiving, 
intermediate, and transmitting stations. 

At the receiving station, ordinary induction coils, or the 
compensating coils I have described, would be injurious, as 
they could not be reversed in relation to each other, and 
would thus increase the induction. 

_ Voltaic currents, direct or by derivations from primary 
line, would answer only where the signal consisted of a dot 
or a short signal exactly equal in duration and force to that 
of the induced current. 

Polarisation batteries, direct on line, would allow the in- 
duced current to pass, and if used as a derivation would 
require a very t resistance, and would allow the extra 
— from the working electro-magnet to affect all the 
rest. 

Condensers would be similar to the polarisation or 
= batteries. Resistance coils reduce the in- 

on, 


t also in equal proportion reduce the voltaic 





current needed. Magnetic condensers would absorb the 
induction, but also absorb the first part or the part most 
needed of the voltaic current. 

At the intermediate station all these would give contrary 
effects te those desired, — secondary batteries and con- 
densers in derivation ; but these would weaken the primary 
current, and for a line of ten wires would, from a calcula- 
tion we have made, require 45 such condensers, and even 
then it would be impossible to fulfil all the necessary re- 
quirements. 

At the transmitting station ordinary induction coils 
could not be used except for a line of two wires only. 

Derivations from sending battery would require that a 
great resistance between line and earth should be introduced, 
and, moreover, the current would be prolonged beyond the 
induced current. 

Polarisation batteries and condensers would also, if in 
derivation, require great earth resistance, and would require 
for a 10 wire line the same number of condensers as the in- 
termediate station with like results. 

Compensating coils, as arranged in the instrament we 
have submitted, fully meets the difficulty, giving perfect 
compensation for any number of wires, with but one coil 
te each wire, provided that the lines are used for trans- 
mission in one direction only for stated periods, and that 
“— are arranged as in France, as already explained. 

he perfect line, however, itself quite free from induc- 
tion, and not inducing on other wires, and therefore re- 
quiring no compensating arrangement, is the double wire 
we have already mentioned, where both ends are to earth, 
and its electro-magnet wound differentially. 

I have studied this subject with much interest because I 
believe that the future improvement in homer depends 
in a great measure on its entire solution, and I hope that 
i = discussion on this subject new facts may be brought to 





SCREW PROPULSION. 
To THE EDITOR OF ENGINEERING. 

S1z,—In your paper of the 7th inst. you published a 
short article, which I read over several times before I 
really saw that Mr. Griffiths was supposed to have dis- 
covered something new. 

‘The screw opening should be equal to two-thirds the 
diameter of the screw’’ may be all right, but ‘‘ make it as 
large as you can’’ sounds better. As to the best position 
of the screw being ‘‘2¢in. from sternpost” in a model 
104 in. beam, I believe Mr. Griffiths is right; for this is 
just what Mr. Froude found out years ago to be the case. 

f I remember rightly Mr. Froude said ‘‘ about 4 in. beam.”’ 
Mr. Griffiths should read about what has been done by 
others before starting any more theories (!). 

Yours obediently, 
March 11, 1879. STUDENT. 








MINE VENTILATION. 
To THE EDITOR OF ENGINEERING. 
Srr,—Seeing in your issue of the 7th inst. a letter 
signed John Chatto, giving a table of the supposed “‘ use- 


of the main air courses and their average area are: Deep 
mine, 10 miles, area 42 ft. ; Little, 64 miles, area 32 ft. ; 

, 24 miles, area 30 ft. For the year ending 
December 31, 1878, the average daily quantity of air ex- 
hausted from the above three mines was 210.000 cubic feet 
per minute, with a water gauge in the mine of 1y% in. and 
water gauge on surface from ‘‘fan house’’ 1 7% in. ; 
ave speed of ventilator 42 revolutions per minute. 


We. give the following results taken by well-known 
e eers, viz., Messrs. J.and P. Higson, A. H. Stokes, 
and J. Gerrard, Her Majesty Inspectors of Mines. Con- 


sidering the thin seams of coal worked, and being old 
collieries with scattered workings, we think that the ‘‘ ven- 
tilator’’ is tested to the full extent of its powers, and 
shows well for the principle on which it is based in giving 
such good, practical, and economical results. 
Yours truly, 
Per pro Wm. ACKROYD AND Bros., 
’ : Wm. Ackroyp, Jun. 
Morley Main Collieries, near Leeds, March 12, 1879. 
To THE EpIToR oF ENGINEERING. 

S1r,—I am glad to notice the subject of mine ventilation 
is receiving attention from your, as well as other journals 
of a similar kind, by men whose genius and training is 
calculated to contribute valuable information on this very 
important subject. 

observe from your article and illustrations in your last 
issue of Stevenson’s patent ventilator, that two fans can 
be made to operate jointly, or separately, in one upcast 
shaft. This arrengonnnt, from previous descriptions and 
articles I have read on the subject, I had understood to be 
impracticable, but now that this is demonstrated to be 
otherwise, I fot one think the principle is likely to insure 
the greater safety of mines, in respect that by no ordinary 


|-coincident could both fans be disabled for duty at the 


same time. 

I have not previously seen or understood Mr. Stevenson’s 
arrangement of fan ventilator, and cannot speak of its 
merits, but.as the duplex arrangement I apprehend is new, 
I shall be glad to learn whether the duplex system is not 
equally suitable for application to Guibal, Waddell, or other 
kinds of fans. By affording space for this in your next 
issue, you will oblige . 





Coat In France.—The basin of the Pas-de-Calais pro- 
duced last year 395,000 tons more coal than in 1877. The 

roduction of the basin of the Nord was, on the contrary, 
r »700 tons less last year than in 1877. 





Water Suprty ror MELBOURNE—The water supply of 
Melbourne has been drawn from Preston through two 24in. 
mains and one 18 in. main. Recently, however, an ad- 
ditional main been laid to supplement the supply 
to the South Yarra district. The route of this main is vid 
Northcote, Kew, Hawthorn, and Toorak to Melbourne. 
Its special object was the permanent supply at high levels 
of those localities which hitherto have n left entirely 
without water in hot weather. This additional main only 





ful effect’’ of several ventilators, we feel bound to write a 
line to say that if the other results he gives are no more 


awaits completion by the erection of a crossing over the 
river at the Kew Asylum, a work which is now in progress. 


_ THE Lezps Fan. 


Eaperiments made by Messrs. J. and 


P. Higson at Morley Main Collieries. 
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reliable than those given of the ‘‘ Leeds fan’’ working at 
our colliery, they are of no value at all. We now beg to 
give you a few particulars as to the working of our “‘ Leeds 
fan,’’ which commenced on May 14, 1875, and we have not 
had any trouble with it during the time up to this date. 
There are three drawing shafts at these collieries, all 
“* downcasts,’’ and one upcast, from which the “‘ ventilator’’ 
exhausts. The following are the ‘‘downcasts’”’: ‘‘ Deep 
mine,’ 150 yards, diameter 10 ft. ; Little mine, 125 yards, 
diameter 12 ft. ; Cannel mine, 50 yards, diameter 10 ft. ; 
upcast shaft, 150 yards, diameter 11 ft. Thickness of 
seams, Deep, 48 in. ; Little, 34 in. ; Cannel, 21 in, Length 








Pending the formation of that crossing, however, a tem- 
porary connexion has been established by means of a 12in. 
tube. The effect of this tempo connexion has been 
that the inhabitants of the outl districts of Kew, 
Upper Hawthorn, Camberwell, T , and some of 
South Melbourne have had a better supply of water than 
they could ever obtain previously. Still greater benefits 
will, of course, be obtained from the new main when the 


Yarra crossing is completed, as a ner volume of water 
will bo allowed opine through ; larger pcm then 
be afforded to the districts of Hast St. Kilda, Oaulfield, 
Elsternwick, and Brighton. 


. 
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THERAPEUTIC MACHINERY. 

On page 478 of our twenty-fifth volume we published 
illustrations of some very interesting machines exhibited 
by Messrs. Goransson and Co., of Stockholm, at the 
recent Paris Exhibition. These machines are intended 
for use in surgical gymnasia, and appear to have met 
with a large measure of success in Sweden, Russia, and 
elsewhere. The first of two more machines which we illus- 
rate on the opposite page, is intended for the development 
of the muscles of the wrist and arm, and is worked by 
means of the handle mounted on the spindle which carries 
the upper of two pulleys at the wo of the frame. A 
crossed belt passes to a second ley, on the axis of 
which is a crank that gives motion to a long lever hinged 
to a separate standard and carrying a sliding weight by 
means of which the strain on the operator’s wrist can be 
varied at will. The second machino is specially intended 
for developing the muscles of the chest and back. The 
pationt sits upon the stool in front of the machine, and 
the height of which can be regulated at will; ho then places 
his arms in the crutched rests, his back being towards the 
machine, and the latter is then started. Motion is im- 
parted to the rests, which alternately recede and advance, 
as also does the padded lever below, the function of 
which is to exert a pressure against the patient's back, at 
the same moment that the rests recede, with the result of 
expanding his chest. The arrangement of the machine 
permits of the most minute adjustment for regulating 
the degree of expansion and speed of working. 





MOVABLE BRIDGES. 

At the meeting of the Institution of Civil Enginers, held 
on the 11th inst., Mr. Bateman, President, in the chair, 
the paper read was ‘‘On Movable Bridges,”” by Mr. James 
Price, M. Inst. C.E. , 

The term ‘‘ movable’ was used as being more general 
in its application than any other. Such bridges mostly 
occurred where delay of traffic was to be avoided. Hence 
rapidity of movement and minimum of repairs should be 
sought. There should be no unnecessary weight ; for this 
reason steel was preferred to iron as a material, saving 
25 per cent. of the weight of the parts strained. Movable 
bri: were divided thus :—1st, bascules; 2nd, swings ; 
8rd, traversing ; 4th, lifts; 5th, pontoons. 

1st. Bascules were illustrated by the railway bridge over 
Oasé at Selby, erected in 1839. The largest of this kind 
had been opened at Copenhagen in 1867. Overhead beam 
bascales were much used in Holland, the beams being 
usually of timber. The author had erected a large single 
flap baseale over the Shannon, to carry a railway; the 
floor was open to let the wind through when the flap was 
raised ; it acted well. 2nd. Swing bridges formed the most 
important class, and all structures in Europe and 
in America belonged to this type. Double ae were 

referred, as obviating heavy counterpoise and wind stress ; 
instances of both occur in the South Bridge, Hull. 
Swing bridges were classified thus :—Those that turned on 
rollers only ; those that turned on rollers and a centre 
pivot ; those swung entirely on centre pivots ; those lifted 
on a water centre and tilted ; those relieved by hydraulic 
aes acting upwards at the centre ; and floatiag swings. 
alimited hydraulic power available for turning was not 
conducive to obtaining light and well-designed structures. 
The earliest swing bridges were of timber; then cast iron 
was employed, and now they were universally of wrought 
iron, he Brest Bridge, having two leaves, spans the 
largest crossed by any movable- bridge ; it turned 
on rollers. To the same class belonged also the railway 
bridge over the river Ouse at Goole, which was almost the 
largest railway movable bridge ; it crossed two of 
100 ft. spaneach. There were several bridges of this kind 
at Birkenhead. The Duke-street bridge rested on rollers 
5 ft. in diameter ; it was not balanced over the centre, and 
was difficult to open. Athlone Bridge, over the Shannon, 
had rollers only 8 in. in diameter; it worked badly. The 
great majority of ey 3 turned on rollers and a centre 
pivot, including all the large American bri ; the most 
notable was the Raritan Bridge, a double swing, with two 
of 216 ft, in width each. This bridge, which had 


oes erected by the Keystone i y Company of Phila- 
delphia, was peculiar for being lifted entirely off its abut- 


ment supports, thus needing no up. To this class 
belo: also the tilting bridges generally adopted in 
France, at Dunkerque, Gravelines, Havre, Cette, and 
Toulon. The same type had likewise been adopted in 
North Germany. The gee might be described thus :— 
The whole bridge being slightly out of balance, each leaf 
or the heavy end was set up by various methods ; and when 
the abutment support was withdrawn, it dropped on two or 
more wheels, the main weight, however, being i 
the centre pivot. A bridge of peculiar construction had 
n at Grimsby to carry the Manchester, Sheffield, 
and Lincolnshire Rail 
poise; if was 
nee of 122 tons on a 


cone | and the light 





STEAM CARRIAGE FOR THE BELGIAN STATE RAILWAYS. 


CONSTRUCTED BY THE COMPAGNIE BELGE, ENGINEERS, BRUSSELS. 
(For Description, see Page 210.) 
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tramplate fixed round its sweep. The dimensions and ar- 
rangements of the Leith ms Marseilles bridges, which 
were constructed in the same year (1874), were compared. 
Swing bridges, relieved at the centre by hydraulic pressure, 
were represented by the Tyne Bridge, which was the 
largest and most perfect in this country, having two pas- 
sages of 110 ft. each. Floating swings, as constructed by 
the author in Dublin, were used, one to a double 
carriage road, and the other a single line of railway ; the 
latter acting also as a turntable for wagons, so as to shoot 
them across the dock entrance. The principle was to sup- 
— nearly all the weight on a submerged buoy, which 
urned on a centre pivot on the bottom. These bridges 
were effective, and suitable for places where the foundation 
was bad. Traversing bri required much power. The 
larger ones were represented by the bridge at Swansea, 
over the River Tawe, in which the heavy end. 
the passage. In swing bridges that turned on , 
withdrawing the supports from the long end, the tail en 
rose till the wheels came level with an upper traversing rail, 
Shan watee the was rolled back. In the caseof the 
illwall Dock, the centre was raised by hydraulic power, 
end, which crossed the passage, was held 
down by horns, that prevented its rising ; hence the heavy 
end rose to the proper level to be rolled back. There were 
many other forms of traversing bridges, the best for a 
a and manual power being at the Dovey Viaduct. 

Mr. Kinniple’s submerged caisson was a traversi 
bridge, the wheels ing the ion of wei, Sash bunpel 
up, ranning on rails in bottom ; it the same 
to ot i swings did 





Glasgow), &c., the tail end was 
bore against the 


its wheels 





relation her traversing as 
to other types. The balancing oth eee] travers- 
























bridges should be as nearly as possible over the centre 
otherwise, particularly in the former, motion was difficult. 
The proportional lengths of tail ends of swings varied. In 
the Marseilles bridge the tail was to the passage arm as 
0.62 to 1; in the Brest bridge, as 0.50 to 1; and, in the 
South Bridge, Hull, as 0.49 to1. These represented ex- 
treme and mean cases. If possible, the counterpoise should 
form some useful a of the bridge, and as cross girders 
and flooring combined, in the form of a solid cast-iron 
floor. The modes of cutting up the ends were various, 
consisting of wedges, inclined planes, les, weigh shafts, 
Se lifts, screws, &c. The Phoenix Bridge 
Company had a self-adjusting joint of the rails, something 
similar being used at Keadby Bridge. At Marseilles, there 
was a bridge which was a combined bascule and swing. 
The first motion of the centre ram lifted it off the bear- 
- only for ey bet ; but it could be further lifted 

a part of the bridge turned round a horizontal axis ; 
and it allowed barges to without being s , thus 
saving ‘much time. Lift bridges, which rose bodily and 
allowed a passage for canal boats, were not common. One 
had been erected over the Surrey Canal, and another by 
the author, which worked well and easily. The og 
charge for many years of an ingenious pontoon bridge, 
erected by Mr. Robert Mallet, ‘M. Inst. C.E., which 
worked most satisfactorily ; it was now done away with, a 
portion of the canal which it crossed having been filled. 


CANADIAN Rattwayrs.—The first h train on the 
Quebec, Montreal, Ottawa, and Occidental Rai arrived 
at Ottawa February 11. The Midland Railway of Canada 
is expected to be completed to Midland in May. 
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NOTES FROM THE SOUTH-WEST. 

The Waterloo Tin Works.—These works were commenced 
by a limited liability company at Newport. For a short 
time they went on well, but the price of tin fell so low that 
the company determined to stop. For some time the works 
have been idle, and they have just been brought to the 
hammer. The present is believed to be a favourable time 
for re-starting them. Buyers, however, were not numerous, 
and the works were sold at the low price of 81001. Mr. 
William Lewis was said to be the purchaser. The works 
were well constructed about four years since, and were 
fitted with every modern appliance for making tin. When 
built they cost about 16,0001. 


The Mumbles Head.—The opening of a new aiegeny hic 
ship-signal station at the Mumbles Head, to be the 
Swansea Bay T phic Station, is announced for to- 
morrow (March 15th), when the Mumbles Lighthouse will 
be p in connexion with the post-office system of tele- 
graphs to all parts of the world. Vessels can thus put into 
safe and sheltered anchorage at the Mumbles at any state 
of the tide, and be at once in communication with their 
owners for orders as to destination. This will be a great 
boon to all vessels visiting South Wales ports. 


The Avonside Engine Works.—There is a prospect of 
increased activity at these works, the company having 
secured some heavy foreign orders. 


Devonport Dockyard.—Dari 
Pp po ee ae 
the Miranda, and s' i on qui it wi 
nearly a half of each of the two sites 8 | ‘ "These vessels 
are of 1124 tons each, and the estimated cost of each hull 
is 37,0001. This class of ship “yaw much in favour 
with the Admiralty; and one of the number—the Pegasus 
—is to be commissioned at Devonport, whilst another, 
the Dragon, was commissioned there on the 19th 
ultimo. The last-mentioned vessels are destined for 
China and the East Indies respectively. The Cu- 
racoa, Conquest, and Cleopatra, — of the six steel 
and. iron corvettes sheathed with wood, built for the Go- 
vernment by Messrs. Elder, are to be completed after de- 
livery by the contractors. A great deal of work has to be 
done on these vessels after their receipt by the Admiralty, 
no less a sum than 70001. (300C1. for materials, and 40001. 
for labour) being set down for expenditure on the hull 
alone of each of these ships. Two of these vessels are at 
Devonport ; the other will be brought round shortly. The 
completion of a mooring lighter by the end of April is all 
the new work which remains to be done. Of re , those 
of the Black Prince, Swiftsure, Wivern, Hotspur, 
after delivery by contractors, and of the Amethyst, Fan- 
tome, W. rk are to be completed, the repairs of the 

and Thalia are also to begun and completed ; 
those of the Arab begun, and those of the Briton and 
Dryad advanced. The defects of the Channel squadron will 
be made good, and work will also have to be done on coast- 
— ships, troopships, and other vessels and dockyard 
craft. 


the next twelvemonth 
unch the Pheonix and 


The Delegates.—An adjourned meeting of delegates from 
the various collieries in Monmouthshire and South Wales 
was held on Monday at Merthyr. A letter from Mr. 
Halliday was read, resigning his position as miners’ repre- 
sentative on the Sliding Scale Committee. After the letter 

been read, a resolution expressing confidence in Mr. 
Halliday, and requesting him to continue on the committee, 
was passed. 

Wauntreodd Works near Cardiff.—Messrs. De Bergue 
and Co., of Manchester, have decided to close their Soath 
Wales branch as soon as orders now in d are com- 

leted. bey 2 have been largely engaged in boiler and pit 
rame work, but these things are now carried so cheaply 
from the north, that Messrs. De Bergue gain no advantage 
by having an establishment in this atighbourheod. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Telegraph Post Nuisance.—The local authorities of 
Hull are determined not to have the appearance of their 
streets spoiled by telegraph posts erected in them. On 
the application of the secretary of the General Post Office 
for permission to remove the telegraph posts from one side 
of the street to the other in one of the leading thorough- 
fares in Hull, he has been informed that in future the wires 
must then be laid underground and in pipes. 


Goole Water Supply.—The inhabitants of Goole are 
considering the necessity of having a supply of water for 
the town, but contrary to custom now-a-days appear in 
favour of the enterprise being taken up by some private 
company. 

Hornsea Pier.—The construction of this pier is going on 
at a fair rate of speed, but alas there is a lack of funds, and 
the disasters which have overtaken so many companies of 
this description appear to frighten the public for invest- 
ing in them. The contract for the construction of the 
pier was let to Messrs. J. S. Berghein and Co., and the 
works were commenced lastsummer. The s allotted 
amounted to 8700l., which was much less than the directors 
were justified in , considering the promises of 
subscription ; those promises have, however, been broken. 
It is proposed to raise about 30001. for the completion of 
the work. It seems that the Parliamentary costs in the 
launching of the company were extremely heavy, and have 
greatly burdened it. However, itis believed that the work 
will now be rapidly completed. 

Retford Water Works.—The question of supplying Ret- 
ford with water, which has so successfully been ame in the 
adjacent town of Worksop, has come before the residents 
there, and at a town’s meeting they have unanimously re- 

council should have the 


solved that it is preferable their 








management and control over the water works that 
may be necessary for supplying the borough with water, 
oather than that such management should be in the hands 
of a private company. A company of enterprising gentle- 
men have already had the enterprise under consideration, 
and possibly a fight will ensue for the privilege. 


Sheffield and its Improvements.—At the present time 
the corporation of the capital of Hallamshire is e on 
town’s improvements, which before they are completed will 
necessitate an outlay of upwards of one million of money. 
But a certain bad fate seems to have pursued this corpora- 
tion in all its great undertakings, and it is sure to land 


itself in a ditch. As the present time it has paid Parlia- 
mentary costs which amount to nearly 9000/., and now 
there are no funds out of which it is to repay the 


money to those who have laid it down. few years ago 
it decided on constructing tramways at a cost of about 
80,0001., that being the expenditure authorised, and now 
it is found that they have cost 90,000. The tram- 
way company refuses to pay interest on the additional 
10,0001.—which is owing to some bank or official—and the 
town will again have to go to Parliament to get it out of 
its dilemma. It is now proposed to pitch some of the main 
streets with wood pavement as an economic proceeding, but 
the question must remain an unsettled one for some time 
to come. It has been discovered that the sets on the side 
of the tramway line which run through the town—which 
roadway it was said would last for twenty years—have 
never been put in with concrete, and of course repairs are 


id ceneetly stoma. The Board of Guardians is about to 


new offices at a cost of 20,000/., although the 
trade of the town is in such a depressed state that a third 
of the population is unemployed. Other schemes of im- 
provement are also broached. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
attendance than usual on ’Change at Middlesbrough, 
and the tone of the market was again considered better. 
Makers were firmer in their quotations, based on No. 3 
Cleveland selling at 36s. per ton, but buyers declared that 
they could procure all they required at 35s. per ton less one 
er cent. Messrs. Connal and Co., the warrant store 
eepers of Middlesbrough and Glasgow, report as follows : 
—*‘* Our stock of Cleveland pig iron to-day is 82,000 tons. 
We have had some deliveries ex store, but are receiving 
about 200 and 300 tons daily. Our Glasgow stock is 
223,400 tons, being an increase of 4000 tons for the week. 
Our ey -y f.o.b. warrants are quoted to-day, 
86s. 9d. net for No. 3 buyers, but no sellers. The im- 
provement in the market is no doubt due in a + measure 
to speculation on German account, in anticipation of the 
additional imposts, and the fact that'many of the Continental 
ports which have been so long blocked up by the ice are 
opening. Heavy deliveries to bring up arrears are going 
on, and will increase as the weather gets finer. 

The Finished Iron Trade.—Many of the finished iron 
works are still very poorly occupied, and prices continue 
exceedingly low. Manufacturers say that they cannot see 
any prospect of early improvement. Plates and angles are 
certainly cheaper now than they have been this year. Iron- 
workers are badly employed, and the wages earned are small, 
owing to the irregular time. It is not expected that there 
can be real and permanent improvement in the pig iron 
trade until manufacturers are busier. [ronfounders are 
busy, and it is evident that the foundries of Cleveland will 
in the future attract as much attention amongst t con- 
tractors -and engineers as the Glasgow foundries have 
hitherto done. In Middlesbrough pipes to stand all 
kinds of tests are turned out on a asst eutenalee scale, 
and are sent all over the world. 


The Steel Trade. —There is a good demand for steel rails. 
Messrs. Bolekow, Vaughan, and Co. have orders on hand 
which will-keep their works going for many months. Itis 
believed that at the May meeting of the Iron and Steel In- 
stitute, which will be held in London, there will be given 
some interesting information on steel-making in Cleveland. 

Engineering and Shipbuilding.--Engineers and ship- 
| pee = on the Tyne, Wear, and Tees are fairly well off 

or orders. 


The Coal and Coke Trades.—The coal and coke trades 
are unaltered. 





NOTES FROM THE NORTH. 
. Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The warrant market opened 
dull last Thursday, but there was a rapid improvement, 
and the close was 2d. higher than on the previous day. 
Business was done in the forenoon at 43s. 7d. to 43s. 74d. 
cash, and 43s. 9d. one month, with at the higher 
figures. In the afternoon from 43s. 8d. to 43s. 9d. cash, 
and from 43s. 10}d. to 44s. one month were paid, the 
market closing with sellers asking 43s. 9d. cash, and 
43s. 113d. one month, buyers near. Friday’s market was 
ste all day. The opening in the forenoon was firm, 
with business done at 44s. to 44s. 3d. cash in a few days, 
and at 44s. 6d. one month fixed, the close being sellers at 
44s. 2d. cash, and 44s. 5d. one month. There were sellers 
in the afternoon at 44s. 3d., and buyers at 1d, per ton less 
in a week, closing with 44s. 2d. paid for a few lots, and 
sellers over. There was a strong market on Monday, and 
—- improved another 3d. per ton. Iron changed 
during the forenoon at from 44s. 4$d. to 44s. 7d. cash, and 
in the afternoon at 44s. 5d. to 44s. 6d. cash, buyers at the 
close offering 44s. 6d. cash, and 44s. 8d. one month, and 
sellers asking 1d. ton more. The warrant market was 
very firm morning, and prices at one time vere 


4d. up, but the close was weak, the market closing 1d. per 
ton under the closing price of Monday. Business was done 
in the morning at from 44s. 7d. to 44s. 10d. cash, and at 
44s. 10d. to 45s. one month, closing sellers at 44s. 9d. cash, 
and 44s. 11d. one month, and buyers offering 1d. per ton 
less. Prices went back in the afternoon from 44s. 8d. to 
44s. 5d. cash, and from 44s. 10}d. to 44s. 7d. one month, 
sellers at the close asking 44s. 6d. cash and 44s. 7}d. one 
month, and buyers offering 14d. per ton less. There was a 
quiet market this forenoon, with business done at 44s. 6d. 
one month and at 44s. 3d. to 44s. 3)d. cash, the market 
closing with buyers at the best and sellers asking 1d. per 
ton higher. he afternoon market was see —sellers 
44s. 4d. cash, buyers 44s. 2d. There has been a fair demand 
for shipping iron during the past week, stimulated to some 
extent by the expectation of an early increase in the duty 
on pig iron goinginto Germany. Shipments tothe German 
ports are likely to be larger for the next two or three 
weeks. There is nochange to report on makers’ prices, 
but most brands can be had on easier terms in second hands. 
The demand for home consumption remains quiet. Last 
week’s shipments of pig iron from all Scotch ports 
amounted to 13,910 tons as against 6816 tons in the corre- 
sponding week of last year. A large quantity of iron 
was sent into the public warrant stores last week, the 
total stock with Messrs. Connal and Co. up till Friday night 
being 221,973 tons, the increase for the week amountin; 
to 3057 tons. The number of blast fnrnaces in act 
operation is still 88 as compared with 87 at the same time 
last ye ar. 


Proposed Sewage Works for Nairn.—The Pollution Com- 
missioners of the burgh of Nairn have resolved to apply to 
the Public Works Loan Commissioners for a loan of lL. 
for ve works, the intention being to utilise the 
counge of the town on a piece of ground to the east of the 

rbour. 


New Shipbuilding Contracts.—Several new contracts 
for steamers and sailing vessels have lately been placed on 
the Clyde, the most important of them being one concluded 
between Messrs. Donald Currie and Co. and Messrs. John 
Elder and Co. for a steel steamer of fully 3700 tons, the 
largest yet owned by the first-named firm, and intended 
for their Cape mail service. It is worthy of mention that 
Messrs. Napier, Shanks, and Bell are about to start upon 
the first contact in their new shipbuilding yard at Yoker. 


Caledonian Railway Company.—The half-yearly report 
of the Caledonian Railway Company has just been issued. 
It speaks of great depression, more particularly as affecting 
the ry in connexion with the coal and iron industries ; 
and it likewise refers to the progress making with the 

t central station at Gordon-street, Glasgow, and the 
oo wn and dock works at Grangemouth. 


Glasgow and South-Western Railway Company.—In 
the -yearly report of this company, which is out to-day, 
the engineer reports that the permanent way and works 
have been efficiently maintained during the half-year, and 
that 15-60 miles of single way have been renewed. In con- 
sideration of the extent of the renewal being less than 
usual the directors have added 50001. to the amount ex- 
pended for renewals during the half-year, which will be 
carried to the credit of future maintenance. 


The Fifty-Four Hours’ Question.—The determination 
to stand out against the proposal to extend the oe sap | 
week from 51 to 54 hours in certain of the shipyards an 
engineering establishments, is now being departed from by 
the workmen who were interested; but there is every 
maps eng d that the 51 hours’ system will again be fought 

or when trade recovers its wonted degree of activity. 


Edinburgh and Leith Engineers’ Society.—A meet- 
ing of this society was held last Wednesday night—Mr. 
David M. Westland, C.E., inthe chair. A paper was read 
by Mr. A. Fairlie Bruce, C.E., on ‘‘ The Glasgow, Bothwell, 
and Hamilton Railway Contract, No. 2,’’ which was re- 
cently carried out by Messrs. Charles Brand and Son, 
con! rs. The principal work in the contract is a large 
viaduct across the Clyde at Bothwell, the construction of 
which was fully described. It is about 800 ft. long, and 
115 ft. above the bed of the river. A long and expensive 
bridge was also constructed under the Caledonian Railway, 
rendered more difficult on account of the traffic having 
be carried on without interruption on the Caledonian line. 
Mr. Bruce also described the various cuttings in the con- 
tract, and gave details of the cost of the different classes of 
works. A discussion followed, in which several members 
took part. 


Inon Freicut Cars.—Mr. A. F. Hill has read a paper 
before the American Master Car Builders’ Association 
upon the subject of iron freight car construction. The 
subject is one of importance, not to railroads alone, but 
also to the iron trade at large. The number of freight 
cars in the United States was estimated at 300,000 in 1872. 
At the Degening of last year the number was about 
385,000, and at met ae 5 > Fm aus those 
figures, as car-building m brisk for the past year or 
more. Eventually all these cars will probably be replaced 
by others of iron and wood combined. 


Tramways aT ADELAIDE (S.A.)—The formal opening of 
a tramway een North and th Adelaide, South 
Australia, took place at the close of 1878. The route of 
the tramway is round Victoria-square, William-street, 

i William-road, Brougham-place, and O’Connell- 
street to the Caledonian Hotel. The carriage shed and 
stables are situated in Gover-street, but the entrance to 
them is by a wide curve from O’Connell-street. The shed 
is 100 ft. long by 33 ft. broad, and is so that three 
lines of cars can be accommodated in it. The stables, in- 











cluding a f store, 176 ft. in length by 76 ft. in 
width, high “in rtio » and excellently ventilated. 
There is room in for 88 horses. 
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_. THE NAVY ESTIMATES. 

It is hardly to be wondered at that such interest 
as attaches to the introduction of this year’s Navy 
Estimates centres rather in questions affecting the 
personnel than the matériel of the Navy. The vote 
of credit not only enabled the Admiralty to make 
good, in the popular view, the accumulated de- 
ficiencies of years of sluggish shipbuilding, but is 
only too likely to be made the unconscious excuse 
for similar /éches in the future. Yet the addition 
to the Navy of a number of masted ironclads, of 
which only two can be described as of the first 
class, should form no reason for relaxing the con- 
struction of the real fighting ships, the Devasta- 
tions and Inflexibles, when it is remembered that, 
except by a not very large party who hold that 
quite small ironclads should be substituted generally 
for large ones, it is now almost universally allowed 

t ships more or less of the Devastation or In- 
flexible type, whether monsters like the last named, 
or vessels of comparatively moderate size like the 
Ajax and Agamemnon, must be relied upon to do 


the heavy fig ting of the future. Yet though it is 
—e ten years since the Devastation, Thunderer, 
and Fury 


(now the Dreadnought), were putin han 
they have long pooap ‘shanlane pe 


that the last named of the three has still to make 
her first cruise, and that only one other vessel of the 
first class—the Inflexible—has been brought to any 
thing like a forward condition. Two more, the 
Ajax and Agamemnon, though they have figured 
for years in the estimates, are little more than one- 
third part completed, and though they are expected 
to be launched in a few months, itis not even pro- 
osed to get them much more than half finished even 
by March, 1880. Ten years after putting the pattern 
ships of the type in hand, and at least four 
years after their universal acceptance, we have 
succeeded in nearly giving them one consort, while 
there is a distant view of two more, and three others 
are now being seriously talked of! No doubt the 
public is quite as much to blame as the Admiralty. 
The intense interest excited by the Devastation—or 
rather by the charges against her : their triumphant 
refutation was less noticed— has long since died out, 
and the certain knowledge that, directly a big shi 
is nearly built, somebody will find out that she is 
wrong, and must be ‘‘ suspended” for a couple of 
years’ argument, tends to damp public interest in 
se pape The days when every Briton, sea- 
going or otherwise, was either a vehement broad- 
sider or a vehement turret-man, produced, no doubt, 
a great crop of nonsense, and may even have been 
responsible for Admiral Fishbourne, but they were 
the days of rapid progress. Now nobody worries 
the Admiralty seriously, and though it doubtless 
makes progress as good, in kind, as when most 
Englishmen were its amateur advisers, its progress 
in quantity is not satisfactory, as we have shown. 
Part of the public apathy about the building of large 
ships is perhaps due to a new and not ill-founded 
conviction that the English Navy has lately given 
evidence of great power, and, inferentially, of the 
possession of its old superiority to the fleets of other 
nations, Considering that we have made it our 
business for years to defend the Navy against the 
charge of weakness so often brought against it in 
ignorance, or worse, it need not be said that we 
accept fully, up to a certain point, the tardy recog- 
nition now accorded to its efficiency. But though 
the late satisfactory display of ee naval power 
serves to confirm the arguments frequently urged, 
and fully illustrated by comparisons with the fleets 
of other countries, in these columns, it proves 
nothing beyond the present superiority of pool, sn 
We have urged with equal constancy that that 
superiority will not be maintained except by a 
reasonably rapid development of the heaviest fight- 
ing class of ships, in which other nations are fast 
overtaking us, and as years pass without the neces- 
sary additions, we can but commence to change sides 
with our old opponents. They are content, because 
the Navy has received additions of the kind they 
believe in, but which we believe:to have been suffi- 
ciently represented in our fleet already ; we are not 


to | content, because the additions we consider necessary 


appear almost as distant as before. If there were 

e slightest hope that in two years’ time the Ajax 
and the Agamemnon, the Majestic, Colossus, and 
Conqueror, could be added to the Navy, we should 
feel satisfied with the fleet of nine great turret —_ 
the country would then possess, backed up by the 
three rams, Rupert, Hotspur, and Polyphemus, But 
experience forbids any such hope, and at least four 
years must be expected to elapse before the fleet is 
completed, and by that time there will be enough 
vessels of the class afloat in other countries to im- 
peril our supremacy seriously. Italy, alone, has 
now two Inflexibles to our one, and whereas all our 
later vessels are less powerful than the Inflexible, 
the Italians are building to a design of much greater 
power. As is well known, they have given up side 
armour, and limit the plating to the protection of 
the guns, and of a sort of central trunk connecting 
them with the lower part of the ship. A thickness 
of nearly 3 ft. of armour is thus obtained, but upon 
a tonnage considerably exceeding that of the In- 
flexible, and at the cost of making all buoyancy, as 
well as stability, dependent upon keeping the water 
out of an unarmoured hull by contrivances more or 
less resembling those used in the ends of the In- 
flexible. Weentirely agree with Mr. Smith in his 
refusal to adopt this principle of shipbuilding in the 
English Navy, but it is obvious that such vessels 
might go through many actions without pay- 
ing the penalty of their undoubted weakness in 
that one particular. He would be a bold man who 
would attempt to assess the value of a ship carrying 
3 ft. of armour, and guns to correspon er 


on the Italian armour, and whose own plates would 
~~ like eggshells before her guns, With the 

talia building, we ought to neglect anything rather 
than the construction of first-class ships. Praise is 
due to the present Admiralty for its insistance 
upon keeping up the repairs of ships; but no re- 
pairs to old, and therefore obsolete, ships, can do 
as much for the strength of the Navy, as regards 
heavy fighting, as the construction of one or two 
vessels of the newest " 

The discussion following Mr. Smith’s speech was 
unusually tame. It was the speech of a plain but 
capable man of business determined to work his de- 

ent upon common-sense principles, and gene- 
rally allowed to have worked it with success. There 
was little criticism, for the gratifying reason that 
the country places confidence in the present First 
Lord, while the only pes pao in his programme, 
to a we have adverted, awakes as yet no re- 
mark. 


PROFESSOR HUGHES’S INDUCTION 
BALANCE. 

From the moment when the electric telegraph 
passed from being buta beautiful laboratory ex- 
periment, to become a practical application of 
science, and before it could take its place among 
the commercial undertakings of the world, it became 
necessary, from the very exigencies and require- 
ments of its useful application, to multiply the 
number of nye t wires along the same routes, 
carrying them one below the other and parallel to 
one another, for any one route, upon the same line 
of poles. From the moment that this was done the 
telegraph engineer found that he had conjured up 
an enemy in his own camp which has gone on grow- 
ing and Srosnien more powerful to contend against, 
defyin every effort to conquer it, and increasing 
wi the extension of the system and with the 
greater perfection and sensitiveness of the instru- 
ments employed, This enemy is what is known as 
electro-dynamic induction, and may be generall 
defined as that property of electricity by whi 
electric currents are produced in conductors by the 
influence of other currents passing through con- 
ductors in their vicinity. Electro-dynamic induction 
was discovered by Faraday in the year 1831, and 
his researches in connexion with this subject culmi- 
nated in his transcendent discovery of eto- 
electricity, the development of which has lately 
produced so much excitement in the commercial 
world, and is at the present time rapidly taking a 
position as one of the most valuable and important 
applications of science to the comfort and conve- 
nience of man. 

If a current of electricity be transmitted through 
one of two wires which run more or less in a el 
direction, a momentary electric current is produced 
in the other at the moment that the current is com- 
pleted in the first; and the secondary current so 
produced is in the opposite direction to that which is 

assing in the first wire. Again, at the instant of 
Cooahing the circuit of the ee § wire, @ momen- 
tary impulse or current is produced in the secondary 
wire, but this time in the reverse direction to the 
former case, that is to say, the current induced in the 
secondary wire is, on the cessation of the current in 
the primary wire, in the same direction as the 
primary current which produced it. The strength 
of the secondary current in both instances depends 
upon the combination of several conditions, such as 
the degree of parallelism between the two wires, 
their distance from one another and their length, 
as well as upon the strength of the primary current, 
and the resistance of the secon wire in which 
the induced current it produced. the parallelism 
between the two wires be diminished, the strength of 
the induced current is lessened in proportion, and 
when the directions of the two wires become per- 
pendicular to one another, induction entirely ceases, 
no secondary current being produced either on 
making or on breaking the circuit in the primary 
wire, Again, if the distance between the two wires 
be increased, the inductive influence of the secondary 
circuit is diminished, and vice versd, the maximum 
effect being produced, when the two wires are as 
close as possible to one another without their insu- 
lation being destroyed, and, as this inductive in- 
fluence is ge ye alla poi Soong? sc 
whole le of the el portions of the two 
circuits, it follows that an extension of this length 
increases the effects of induction by a sort of cumu- 
lative process, and for this reason the resistance of 
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strength of the primary circuit, however, is a 
of essential im ce, and variations in its strengt 
instantly produce variations in the electro-motive 
force induced in the secondary wire. 

As long as a uniform current is being transmitted 
by the primary circuit, and the relative positions of 
the two wires are not varied, no induction current 
is produced, but the moment that the strength of 
the primary current is increased or diminished, or 
ceases altogether, or if the wires be approached or 
separated, or if a variation in the amount of their 
parallelism take place, that same instant a momentary 
current of electricity is induced in the secondary 
wire, its duration being determined by the kind of 
variation taking place in the conditions. Calling 
the direction of an induced current in the secondary 
wire positive if it be the same as that in the primary, 
and negative if it be the reverse, a positive current is 

roduced whenever the pry ed current ceases to 

ow, or when the strength of the primary current is 
decreased, or when its distance from the secondary is 
increased, and a negative current is induced at the 
moment that a current in the primary begins to flow, 
or when its strength is suddenly increased, or when 
one wire is approached to the other ; and all these 
effects are intensified by increasing the length ot the 
distance along which the secondary wire runs in the 
same direction as the primary. The Ruhmkorff 
induction coil (which is nothing more than an instru- 
ment for obtaining the greatest possible induction 
effect from a given strength of primary current) is 
an excellent illustration of the combination of the 
conditions to which we have referred so as to obtain 
the cumulative action of all together. Thus there 
is in the first instance an apparatus by which the 
primary circuit is rapidly made and broken. 

Secondly, the two wires are wound around the same 
cylinder, so that the great number of convolutions 
of the secondary wire run in a parallel direction to 
those of the primary wire, and as: close to them as 
possible; and, lastly, a very great length of 
secondary wire is employed to utilise the advantage 
offered by the oylindrical form of allowing many 
convolutions of the secondary wire to run parallel 

to and be influenced by a much smaller length of 

primary circuit. 

The system of construction of a set of aérial 
telegraph lines supported on poles and running 
parallel to one another for many miles across country, 
while offering to the engineer the greatest con- 
venience of construction, fulfils just the very con- 
dition by which the phenomenon of induction is 
produced, and which has been up to the present 
time the dée noir of the electrician. Its injurious 
effects can be only partially and very oe 
met by special apparatus and by increased battery 
power, which means increased expenditure. Not 
only do the effects of induction weaken the currents 
passing through the lines, but they retard the speed 
of signalling and limit the distance to which a 
message can be transmitted through one circuit to 
something very much less than that at which the 
same battery power would transmit if the effects of 
induction were eliminated. 

The invention of the telephone by Professor Bell 
has placed in the hands of the physicist a detecting 
instrument of greater delicacy and sensitiveness 
than the most delicate galvanometer, and one which 
is instant in its action, and exceedingly convenient 
in its use; and the invention of the microphone by 
Professor Hughes has supplemented the telephone for 
electrical research, and has largely extended its field 
of usefulness, So sensitive is the telephone, or per- 
haps it would be more correct to say so sensitive is 
the human ear, aided by the telephone, that variations 
of electric currents so small as to be far removed 
from the powers of the most sensitive galvanometer 
to detect, are instantly made apparent by its use, 
and it is found next to impossible to work the in- 
strument for business purposes in many [places 
during business hours by reason of the induced 
currents produced in its conductors by the in- 
fluence of neighbouring lines conveying telegraphic 
messages. By keeping the ear to a telephone at 
such stations any one acquainted with the Morse code 
can read off messages intended for other parties by 
listening to the characteristic ticking produced in the 
instrument by the intermittent currents passing 
through wires in the neighbourhood of its own line. 

To meet this very decided drawback to the ex- 
tended use of telephonic communication, various 
so-called remedies have been suggested, one of the 
most plausible of which was the enclosing of the 
insulated telephone wire in an iron tube, or encasing 
it in a tin-foil envelope, and giving to this metallic 


covering a good earth connexion. The idea was 
that the effects of induction would spend themselves 
in the mass of the “‘ protecting” metal, and would 
be thereby screened from the telephone wire. What 
the object was of connecting the covering with the 
earth is not \ ap so apparent, but the metallic 
sheathing ma; comp to the massive iron box 
in which Sir William Thomson’s marine galvano- 
meter for use on board heavily-armoured vessels is 
placed, and which protects the needles of the instru- 
ment from the disturbing magnetic influences of 
the masses of iron in the ship by enticing the lines 
of force to spend their energy and mischief upon its 
own unimpressionable stolidity. The two cases 
however, though somewhat analogous, arenot similar, 
for the influence of the metallic sheathing of a tele- 
phone wire in reducing the effects of induction is so 
small as to be almost inappreciable ; and that fact, 
taken in conjunction with the large increase of ex- 
pense involved. is more than enough to account for 
its not having been adopted in practice. 

The elimination of the effects of induction for 
telegraphic working has hitherto been one of the 
great unsolved problems of the telegraph engineer, 
and several plans have been adopted whereby the 
evils resulting from it have been lessened, but all 
are far from satisfactory. Thus, one arrangement was 
to interpose resistance coils into the circuit which, 
undoubtedly, diminished the ordinary effects of in- 
duction, but at the same time by increasing the re- 
sistance of the circuit it reduced the strength of 
the current, requiring increased battery power to 
work the instruments. Again, the employment of 
condensers and secondary batteries which, by oc- 
cupying some little time in becoming charged, 
exercise a selective influence between the currents 
transmitted from the distant station and those more 
rapid impulses produced by induction. In all these 
remedies, however, the protection against induction 
was only very imperfect, and such as it was, could 
only be obtained at the cost of the most effective 
portion of the current transmitted through the line. 

It has remained for Professor D. E, Hughes, the 
eminent inventor of the type-printer, as well as of 
that still more wonderful instrument the micro- 
phone, to solve the —- by which induction 
currents in telegraph lines may be absolutely 
eradicated, and his solution of this problem is as 
simple as it is scientifically accurate. Professor 
Hughes has arrived at this discovery by a series 
of experimental researches, which, although of 
the simplest possible nature, and carried on with 
the most primitive _ oy will, we have no 
hesitation in saying, become classical in the his- 
tory of electrical research, as well as in that of its 
more practical offspring, the electric telegraph. 
His whole apparatus, some of which we illustrate in 
connexion with this article, consists of a few coils of 
wire, a telephone, a microphone, a small three-cell 
Daniell’s battery, and a galvanometer, all of which 
were made by his own hand with the roughest 
possible exterior, but the accuracy of which in all 
essential points is proved by the perfection of the 
results obtained. 

The diagram, Fig. 1, represents an experiment 
arranged by Professor Hughes, which demonstrates 
a simple case of ordinary electrical induction. A 
and C are two circular coils or hanks of insulated 








wire, of which one, C, is placed in circuit with a 
battery B and microphone M, upon which a small 
clock is placed, and the other coil A is joined up in 
circuit with a telephone. Upon placing the ear to 
the telephone the ticking of the clock is loudly 
heard by the induction currents produced in A by 
the influence of the neighbouring microphonic 


currents A yom. through C. When the two coils 

one against the other the sound is nearly 
one was included in the 
e distance between the 


are plac 
as loud as when the tele 








primary circuit, and as 


two rings is gradually increased, the ticking be- 
comes fainter and fainter, but at several inches dis. 
tance the ticking was louder than the original sound 
emitted by the clock, and with several feet between 
them it remained distinctly audible. The demon- 
stration of induction currents by means of two such 
rings does not, of course, possess any novelty, but 
the employment of a clock and microphone in con- 
junction with a battery as a sim Te automatic 
source of sound, or rather of electrical impulses, and 
of a telephone as the detecting instrument, forms 
together an’ exceedingly convenient arrangement, 
and we mention it here because it forms the 
undwork of the system upon which Professor 
ughes’s recent experiments have been carried 
on, We may mention here, in passing, that 
this arrangement forms a beautiful way of illus- 
trating the diminution of induction influence by 
destroying the parallelism between the planes of 
the two rings, for if either of them be slowly turned 
about one of its diameters, the sound heard in the 
telephone gradually diminishes as the angle be- 
tween the planes of the rings is increased, disap- 
pearing altogether at the moment that they become 
perpendicular to one another. 

In order to test the protective influence of 
metallic surfaces and masses, Professor Hughes 
made the following experiments ; he first placed 
between the coils a sheet of copper 12 in. square 
and one millimetre thick between the coils (join- 
ing both coils and plate to the same earth-plate), 
without in any way disturbing the induction 
effects : he next tried the effect of introducing be- 
tween the coils lamine of sheet iron; but although 
ten plates of iron, each ysnd of an inch thick and 
18 in. square, were placed between the rings and 
all joined to earth, no perceptible reduction of the 
induction currents pe be detected. Covering 
each of the coils with several layers of tinfoil and 
immersing both in a vessel of salt water, with a 
plate of copper between them, did not diminish the 
induction as far as the ear could detect ; in fact, 
although a certain diminution must take place in all 
these instances by reason of work being performed 
upon the interposed substances, the amount was so 
small as to be quite imperceptible, and proves very 
conclusively that it is in other directions that the 
remedy for induction must be sought, Fig. 2 re. 
presents a modification of the same experiment, 











A is a D-shaped coil of wire having a hundred 
turns, its two ends being joined to the terminals 
of a telephone, and the straight portion of the coil 
is enclosed in a heavy brass tube B, one-eighth of 
an inch thick. C C isa primary wire in connexion 
with a clock-microphone and battery. Upon placing 
the side B of this coil near and parallel to the wire C, 
the sounds of the clock are distinctly audible, and 
hardly any difference of induction influence can be 
detected between the influence of the currents in C 
on the portion of the coil surrounded by the tube and 
on the unprotected parts of the secondary circuit. By 
employing a rectangular coil, similar in construc- 
tion to Fig. 2, but without the, tube, Professor 
Hughes had at hand a convenient inductoscope, by 
which a hundred short parallel lengths of secondary 
—— could Bn brought into the inductive Beg 
of a primary line carrying microphonic impulses, 
and so delicate is this simple little apparatus that, 
if it be only held over the three s cells of the 
battery, which is in circuit with the microphone, the 
ticking of the clock can be distinctly heard in the 
telephone by induction from the undulatory internal 
current of the battery. : 
Having demonstrated that a metallic sheathing or 
screen is altogether ineffectual for the protection of 
a lines from the effects of lateral induction, 
Professor Hughes turned his attention to the 
question whether although induction cannot be de- 
stroyed, it may not be neutralised or compe . 
With this object in view he constructed a coil of four 
separate insulated wires which could be joined up at 
their free ends in several combinations. Joining one 
wire to the microphone and one of the others to the 
telephone, powerful ight be ex- 
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heard loud and clear, but no apparent increase or 
diminution of the sound was produced when three 
of the wires were in circuit with the microphone, in 
the same direction, and the fourth was connected 
with the telephone. By joining two of the wires 
to the microphone in such a manner that the 
current through one returns by the other, the induc- 
tive influence is completely neutralised, and abso- 
lute silence is the result. From this it follows that 
it is perfectly possible to protect a telephone line ab- 
solutely from the inductive effects of a neighbour- 
ing parallel telegraph line by employing a return 
wire instead of an earth connexion, and fixing that 
wire upon the poles, so that the telegraph or 
primary wire is equally distant from the line wire 
and return wire of the telephone circuit. The dis- 
advantage of such a system is that it introducesa 
double resistance and twice the cost of wire, and is 
a protection only as regards one particular tele- 
graph line, but for that line thejprotection from 
induction is absolute and complete. As it would be 
practically impossible to insure the absolute equi- 
distance of the two telephone wires from the 
telegraph line, and in order to make the system 
equally protective against the influence of other 
wires running along the same line of poles, Pro- 
fessor Hughes tried the experiment of twisting 
the two wires (that is to say, the line and its re- 
turn) together, so as to form a sort of cable, so that 
at each turn of the twist a portion of the line cir- 
cuit and the return circuit respectively would be 
alternately presented to the inducing wire. The 
diagram, Fig. 3, will make this clear, the arrows in- 
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dicating the direction of the current. It will be 
seen by reference to this diagram that the portions 
of the secondary circuit A, which are presented to- 
wards the primary line B, are alternately positive and 
negative in direction, and therefore all effects of 
induction are completely neutralised and elimi- 
nated. This is perfectly demonstrated by bringing 
the side of the rectangular coil against a twisted 
cable such as shown in Fig. 3, no sounds whatever 
being heard in the telephone. It is not necessary 
to twist the wires into the form of a cable, for if 
they be attached to the poles in such a way as to 
cause one to rotate round the other, making one 
turn in a mile, or say at every four poles, or at any 
other convenient distance, it is equally effective ; and 
Professor Hughes has suggested the plan shown in 
Fig. 4, in which the telephone line wire is repre- 
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sented in section by the small circle A, and its 
return line by the shaded circle B, while the primary 
or telegraph line is shown at C. It will seen 
that on starting from one station, A is vertically 
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above B, at the next pole or quarter mile it is to the 
right of it, but in the same horizontal plane, at the 
next it is vertically below it, at the next it is again 
in the same horizontal plane, but to the left of B, 
and at the next, the two wires have come back to 
the relative positions which they occupied in the 
first instance. 

The employment, however, of a return wire in- 
stead of an earth connexion is inseparably connected 
with doubling the resistance of the circuit, and the 
following very ingenious method of using a double 
wire laid as indicated in Fig. 4, by which the re- 
sistance of the circuit is not greater than that of a 
single wire, is also due to Professor Hughes. In 
Fig 5 A and B represent the two cores respectively 
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of the horseshoe electro-magnet of a telegraph in- 
strument at the receiving station, but it differs from 
the ordinary electro-magnets in the fact that the 
coil surrounding each core is connected with its own 
separate battery at the transmitting station and with 
the earth; and the batteries are so arranged with 
regard to the transmitting key that each depression 
of the latter sends a positive current through one 


HUGHES’S INDUCTION BALANCE. 





wire and a negative through the other, and as the 








which is equally applicable to single electro- 
magnets is shown in Fig. 6. Under this system 
Professor Hughes winds the bobbin of the electro- 
magnet with two coils of equal length and thickness 
(although for the sake of distinction we have in the 
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figure made one thicker than the other). Each of 
these coils is connected with its own separate line 
and battery, and the connexions at the transmitting 
station are so made that a depression of the key 
sends a positive current through one line and a 
negative current through the other, but the coils of 
the magnet are so connected to the lines at the re- 
ceiving station, that the positive current traverses its 
coil in one direction as regards the magnet core, 
and the negative current passes in the opposite 
direction, so that, by the process of double re- 
versal, the effect is the same as that of a single 
current of double the strength traversing the 
magnet in the usual way, and the same dynamic 
results are obtained, 

We now come to that portion of Professor 
Hughes’s researches, which constitute the impor- 
tant contribution to electrical science and to tele- 
graph engineering to which we have referred in the 
early part of this article, and we have but little 
doubt that Hughes’s induction balance—by which 
term we would include all instruments based upon 
its essential principle—will ultimately take its p 
side by side with Wheatstone’s Bridge in the history 
of the electric telegraph, for by its means the tele- 
graph engineer will be enabled to eradicate from his 
lines the retarding and cost-entailing effects of 
electricalinduction, and not only to cause its hitherto 
virgin fortress to capitulate, but he will accomplish 
it by taking possession of its weapons, and turning 
them against itself to its own destruction. 

In Fig. 7 let D, E, and F represent three lines of 
telegraph, supposted on poles and running parallel 











s 














F 








Fig. if 


coils of the magnet are so wound as to give 
opposite polarity to the two cores under the 
influence of this double current, ius magnetic 
effect is exactly the same as that of an electro- 








magnet wound in the usual way. An im- 
proved application of the same principle and 








to one another ; if a current of electricity be trans- 
mitted by the line D it will induce in each of the 
lines EK and F a current in the opposite direction, 
whose relative strength will be determined by the dis- 
tance of its corresponding wire from the inducing or 
primary wire D. Now, if at the moment of sending 
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a current through the latter, it were possible to 
transmit through each of the lines E and F a current 
in the same direction as itself of exactly the same 
strength as the currents produced in the opposite 
direction by induction, the two, being equal and op- 
posite, would completely neutralise one another, and 
although, as a matter of fact, the induction would 
be exactly the same, its effects would be ray 
eliminated and destroyed. Professor Hughes has ac- 
complished this by turning a mischievous master into 
a useful servant, and peedesiog a set of induction 
currents of exactly the required strength by which 
the first set of induction currents may be neutralised 
or compensated, 

At the transmitting end each of the lines is con- 
nected to a small induction coil or ring X, Y, or Z, 
similar to those figured in Fig. 1, and placed one in 
front of the other, so as to exercise an inductive 
effect, the one upon the other. Now, from what has 
been said, it is clear that if the coils were all similarly 
connected to their respective wires, the effects of in- 
duction between one circuit and the other would be 
increased by the addition of the inductive effect of 
the coils being superposed upon and added to the 
inductive effect of the lines; but if at the moment 
of transmitting a current through the primary wire 
the two ends of its corresponding coil were reversed, 
then the inductive effects of the line and of its coil 
would be acting on the lines and coils of the other 
circuits and in opposite directions, and the aggregate 
induction would be diminished by the difference be- 
tween thetwo influences. By making thelength of wire 
contained in each coil, however, proportional to the 
length of its corresponding line, and the relative 
distances between the coils proportional to the 
mean distances of the lines from one another, 
the inductive effects of the coils are exactly equal 
to the inductive effects of the lines, and if their 
directions be in opposite directions as is accom- 
plished by the reversal of the coils, then the 
problem is solved and all effects of induction are 
eradicated, 

It might be asked by a superficial observer, 
‘‘ What is the use of causing the transmitting key to 
reverse the coils at each signal? Why not have 
them attached to their respective wires in a perma- 
nently reversed position?” The answer to this is 
that the set of wires must be regarded as a 
whole, for each in turn becomes a primary or a 
secondary circuit, according to which of the lines is 
being worked. If D were always on primary circuit, 
working for instance, a Morse sounder or Hughes 

rinter, and E and F were telephonic circuits, then 
’s coil might be permanently reversed, and no 
effects of induction would interfere with the work- 
ing of the telephone ; but in that case the coils 
attached to E and F must both be in the same 
direction as one another, but reversed as regards the 
coil attached to D, and if they were permanently 
fixed in this direction neither of them could be used 
as primary circuits without doubling the induction 
effects in the other, although it is true their in- 
ductive effects upon the line D would be neutralised. 
The proportion of the length of coils to the lengths 
of lines is easily obtained by making a coil length 
of 100 ft. correspond to a line length of (say) 100 
miles, or even more, and the proportion between 
the distances of the rings and the mean distances 
between their respective lines is obtained with the 
greatest ease and accuracy by mounting them upon 
ears tne and, having a batteryand microphone 
on one line, anda telephone in the circuit of the coil 
to be adjusted, it is only necessary to slide the frame 
backwards and forwards urtil perfect silence in the 
telephone indicates that the compensation for in- 
duction is complete; and as the telephone is far 
more sensitive than any signalling instrument em- 
—- in telegraphy, it is clear that if a telephonic 
ine is protected from induction it must be, if 
possible, still more protected for use as a telegraphic 
circuit, 

Asitisimpossible within the limits ofa private house 
to erect lines of parallel wires of sufficient length for 
the purposes of testing and practically demonstrat- 
ing the system of compensation, Professor Hughes 
constructed the apparatus shown to the right of the 
general perspective view on page 219, which is an 
accurate representation of the actual apparatus em- 


ployed by Professor Hughes in this interesting re- 


search, The five rings or hanks of insulated iron wire 
attached to the board represent three lines of tele- 
graph running parallel to one another. The two coils 
of each of the outside pair are joined so as to form one 


between them is a single coil representing an in- 
termediate telegraph line of a shorter length 5 this 
difference of length was adopted by Professor 
Hughes in his experimental model in order to re- 
present a somewhat complicated case, and to show 
that no matter what the relative lengths and dis- 
tances apart of telegraph lines, their mutual induc- 
tion may be compensated by suitably constructed 
and adjusted compensating coils. The compensation 
portion of the apparatus or Induction Balance is 
shown at the right-hand front corner of the board, 
and it will be seen to consist of three rings whose 
distances apart can be adjusted by sliding in or out 
the cylinder to which each of the outer coils is at- 
tached by means of the knobs or handles, one of 
which is shown in the drawing. On the left front 
corner of the board is the commutator, consisting 
of six stiff elastic wires which can be sprung against 
twelve brass nails, and the connexions are so 
arranged that the battery circuit may be sent through 
any one of the lines with. or without the balance 
in the circuit, and each line can be made either 
a primary microphone-circuit or a secondary line 
in connexion with a telephone by simply placing the 
commutator wires against their proper contact-pins. 
The microphone and clock which is the source of 
sound, and which is shown below, was placed in 
a distant room, and the direction of the currents 
throughout the whole apparatus were under perfect 
control by means of the commutator to which we 
have referred. 

With this simple apparatus Professor Hughes has 
for some time been investigating one of the most 
important subjects connected with the science of 
electricity, and has pointed out to electricians a 
path which may lead to a fruitful field of research, 
and one which may, if properly cultivated, produce 
a rich harvest in advancing the progress of tele- 


graphy. 


THE EXPLOSION ON BOARD THE 
“ THUNDERER.” 

Tue report of the Special Committee appointed to 
inquire into the cause of the explosion of the 38-ton 
gun on board the Thunderer, has now been issued 
to the public. The report itself is anything 
but a complete and satisfactory document in spite 
of its great length and elaboration ; of this report 
we have commenced the publication in extenso, on 
page 221 of our present number. Its perusal will 
nevertheless be found instructive, for it reveals a 
state of things in connexion with the loading of 
our heavy naval guns, of which we venture to say 
few of our readers had the faintest idea, 





that the gun burst owing to its being loaded and 
fired with a battering charge and Palliser shell, and 
a full charge and common shell at one and the same 
moment. ‘This conclusion has been come to in spite 
of the evidence of several living witnesses who were 
quite clear that they saw three shot from the elec- 
trical broadside which preceded the explosion. 
Now one of the guns in the after turret is ad- 
mitted to have missed fire, and as there were in all 
only four guns in the .broadside, it is quite clear 
that if the evidence of these witnesses is to be be- 
lieved, both of the 38-ton guns must have gone off, 
and consequently the theory of double-loading 
would become untenable. 

As regards the yoy! of the witnesses, it may 
be as well to state that their names were Captain 
Chatfield, R.N., the officer in command of the ship, 
Sub - Lieutenant Frazer, and a seaman named 
Cornish, The two first named were watching the 
practice through glasses from different parts of the 
ship, and Cornish was eee without a glass, 
and with Sub-Lieutenant Frazer in the crow’s nest. 


choose to believe the statement of four or five other 
men who were in the crow’s nest also, and who only 
saw two shots come from the broadside. To our 
minds this evidence would only prove that these 
four or five men did not happen to see more 
than the two shots; it certainly does not prove that 
the third shot did not go off; but the Committee 
apparently accepted their statement because the two 
othcers who bore contrary testimony were looking 
through glasses at the time, so that their field of 
view was limited; though how this affects the 
question so long as the field of view was big enough 
to contain all three shot, we are at a loss to under- 
stand. 

Another circumstance to which great importance 
was attached was this, that certain splinters of the 





circuit, consisting of one black ring and one white one, 
each pair representing one line of a certain length, and 


steel tube of the gun bore on them marks or 





As is well known, the Committee have reported’ 


As against this evidence, the Committee set and | gun 





abrasions which were considered to have been 
caused by the action of a passing projectile, striking 
them when they were in an ieclined or tilted up 
position after the explosion had taken place. It ig 
somewhat difficult to follow the meaning of this part 
of the report, because the drawings said to be con- 
tained in the Appendix are not yet published, so that 
we cannot express any decided opinion as to the pos- 
sibility of this abrasion having been caused in the 
manner stated; but considering that the explosion 
would blow all the splinters radially outwards from 
the centre of the bore, and that the projectile moves 
along the axis of the gun, it is very ditheult to con- 
ceive how it could under any circumstances have 
come into collision with any of the fragments, unless 
indeed the shell were itself broken up, and some of 
its pieces thrown outwards, in which case, however, 
it is not necessary to assume that the projectile was 
originally in the rear of the seat of explosion. 

A whole stud and a portion of another one were 
found on board the ship, and the appearance of one 
of these would seem to indicate that it came from a 
Palliser shell. It is of course conceded that if 
there were a Palliser shell in the gun then it was 
also double loaded, but the evidence to show that 
the stud did come from one of these shells is alto- 
gether too slight to allow this circumstance to affect 
our judgment. 

The various theories which have been advanced 
to account for the accident have all of them been 

isposed of by the Committee in a way no doubt 
satisfactory to themselves, but scarcely so to 
dispassionate outsiders. We will at present only 
refer to one of these, viz., the possibility of an air 
space between the charge and the projectile having 
existed and having caused the burst. The Com- 
mittee are of opinion that no such air space did 
exist, and that even had it done so it would not 
have caused an explosion, On their own showing, 
however, it seems certain that the wad did stick in 
the head of the rammer, for the central perforated 
boss or ringed socket came out of the gun in the 
recess made to fit it on the rammer, and conse- 
_— appears to have been torn violently from 
the body of the wad so that a tendency to pull the 
wad out of the gun undoubtedly existed, and we 
can never be quite sure that it was not actually 
pulled forward to a certain extent. It is quite pos. 
sible that this wad was not so tight a fit as were 
those experimented upon by the Committee, and it 
is also certain that if the wad were pulled forward 
by the action of the rammer, the projectile 
would have followed it. Whether this would have 
caused the gun to burst is another matter, and de- 
pends, we think, entirely on the accidents of the 
ignition of the cartridge; we have already spoken 
on this point (see ENGINEERING, page 31 ante), and 
we can now only repeat that instances are known in 
which the existence of a large air space has caused 
a reduction of pressure, and instances are also known 
in which similar air spaces in rifled small arms have 
actually caused them to burst. 

Pending the publication of the verbatim evidence 
of the witnesses examined and of the experiments 
made by the Committee, we do not propose to cast 
any further doubts on their finding, but if we go so 
far as to accept it for the sake of argument as true, we 
may show what moral the whole affair points to. Now 
in the first place it is evident that if the conclusion 
arrived at be correct, then the Report saves the 
rifling of the gun from the imputation cast upon it 
of having caused the disaster on this occasion. But 
it does not in any way vindicate the system of rifling ; 
on the contrary, this matter stands exactly where 
it did, and the question of uniform or increasing 
twist remains unaffected by the circumstances. In 
the next nlace it shows that the construction of the 
was not strong enough to withstand all the 
destructive forces which might and which were 
by accident brought to bear upon it. It is not 
enough to reply to this that the occurrence 
as it did take place was of a most unusual 
nature. A gun of this sort which constitutes 
one-fourth part of the offensive power of our most 
powerful ironclad, ought to be proof against all con- 
tingencies which can be foreseen. Now whatever 
we may think of the Woolwich system of construc- 
tion in principle, it cannot be denied that the gun 
was extremely weak at the place where the burst 
originated, and in order to throw further light on 
this subject, we cannot sufficiently urge the authori- 
ties to carry out experiments on a small scale, say, 
with a converted Palliser and a smaller Woolwich 
gun, by firing them with two complete charges, 80 
that it may be seen whether either or both of them 
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will really burst, and in what way. Lastly, the 
report proves to demonstration, that whatever other 
cause may have contributed to the explosion, the 
system of muzzle-loading was primarily and mainly 
responsible for it. For had the gun been a breech- 
loader it would have been utterly impossible for 
double loading to have taken place. When we 
read on the first and second pages of the report 
the account of the manner in which the eeeg 
the gun was effected, how in order to accomplish 
this simple purpose the turret had first to be turned 
by a steam engine, and then locked in one of two 
available positions by an hydraulic, and also by a 
hand-locking bolt, how-the guns had to be then de- 
pressed to receive their charges, how two complete 
sets of hydraulic loading gear had to be provided 
and fitted with signal dials and tell-tales which would 
not work ; how in this depressed position the charges 
were liable to slip forward, or even to explode and 
make a hole through the ship’s side below the water 
line, and how, finally the guns had to be re-elevated, 
run out, and the turrets unlocked and turned again 
into position, we cannot but express our astonishment 
that the Navy could for so long have put up with a 
system which might at any moment have, and even 
has actually caused a disaster of the first magnitude, 
and that, too, when proved and simple systems of 
of breechloading were at hand, which would have 
rendered all this complication unnecessary. It was 
with sincere satisfaction that we read the First 
Lord’s statement in the House of Commons on 
Monday last to the effect that the question of 
breech versus muzzle-loading was again under con- 
sideration, and that the new ironclads in course of 
construction would be suited to receive guns of 
either sort. 








A NEW THEORY OF TERRESTRIAL 
MAGNETISM. 


Ir was announced in several of the scientific 
journals that a communication on the above subject 
would be made by Mr. Ayrton (a gentleman recently 
returned from J en to the Physical Society at its 
meeting of the 7th inst. One would have thought 
that such an announcement would have brought an 
eager throng to the Physical Laboratory attached to 
the South Kensington Museum, and doubtless it 
would if the subject had been handled by any of our 
leading men of science. ‘The comparative emptiness 
of the Physical Laboratory last Saturday was not a 
favourable omen for the ‘‘ new theory.” 

We must, however, admit that the zeal which 
Mr. Ayrton displays for the advancement of 
science deserves all commendation, But zeal is not 
enough. Faraday was zealous, but he was also 
eminently cautious. He made sure that his experi- 
ments re-echoed the voice of nature before enun- 
ciating any law, and he examined them in all their 
bearings before framing any theory. Mr. Ayrton 
does not seem to have any strong disinclination for 
imitating the ways and idiosyncrasies of some of 
the more celebrated expounders of physical science; 
but we think it would be more to his interest 
to imitate the extreme caution that ever characterised 
one of the most illustrious of professors. We can 
scarcely believe, judging from what we heard last 
Saturday, that he has put his theory to all the cru- 
cial tests that should precede publication. If, how- 
ever, we should be mistaken in this point, if Mr. 
Ayrton has really subjected his magnetic specula- 
tions to severe, varied, and repeated examination, 
then we are reluctantly driven to the other horn of 
the dilemma, viz., that he lacks somewhat of 
the qualities which fit an investigator for the 
higher departments of physical research. Until this 
matter be cleared up we prefer to believe that Mr. 
Ayrton has hurried somewhat prematurely upon 
the subject he recently brought before a critical 
audience. 

It is true we have heard from the lecturer only 
a very rapid sketch of the “new theory,” and we 
are bound to say that we have not been favourably 
impressed by what we have heard. But when the 
peeet is printed in extenso, it may be that we shall 

nd, to our surprise and gratification, many lumi- 
nous ideas, veins of profound thought, and mines of 
Important experimental data. Mr. Ayrton cer- 
tainly owed it to himself to say that the details of 
the experiments, and all the mathematical scaffold- 
ing that surround the “ new theory,” will be soon 
given to the public, though we are not aware that 
he mentioned the intended vehicle of publicity, 


whether the ‘ Philosophical Transactions,” or the 





‘* Philosophical Magazine.” Doubtless we shall 
learn that in time. 

Mr. Ayrton’s communication extended over three- 
quarters of an hour. Of course he had much to 
say about lines of force, intensity of magnetism, 
the resolved parts of electrical forces along the co- 
ordinate axes, and even the double integrals of very 
lengthy functions, It was reassuring to learn that 
all the formule were strict deductions from a well- 
known expression given in Clerk-Maxwell’s ‘‘ Elec- 
tricity an etism.” 

Still, withal, the ‘“‘ new theory” is unfortunate in 
more points than one; for instance, it introduces 
utter confusion into our scientific nomenclature, 
Mr. Ayrton’s currents are no longer the elec- 
trical currents with which we are accustomed to 
deal. It was a singular omission of his not to have 
dwelt with emphasis on this essential difference in 
his exposition of the ‘‘ new theory.” The additional 
information was given in answer to a remark made 
by Professor Adams in the short discussion which 
followed. It was then stated that the currents re- 
ferred to in the ‘‘ new theory” are such as would be 
produced by rapid changes of electrical distribution 
over the surface of a conductor. To make this 
clear, let us suppose an electrified body A to be 
brought near an insulated conductor B. The 
proximity of A induces a charge on B. Let us now 
shift the position of A; a new distribution of the 
induced electricity will take re: by continuing 
this relative displacement of A and B, we can 
imagine the continuous change that must take place 
in the electrical condition of successive portions of 
B. It is these constantly varying changes that give 
rise to Mr. Ayrton’s currents. If the ‘“‘ new theory” 
is based upon such a conception, it may be inferred 
whether its chances of success are infinitely great or 
infinitely small. 

Nor is this all. The lecturer was, perhaps 
unintentionally, too assuming in his postulates. 
Thus he introduces into his formidable integrals 
functions which he has derived from the hypothesis 
that the earth is a solid globe of homogeneous iron. 
It is true this hypothesis was modified by its pro- 
pounder in an answer to a question put during the 
discussion, and if we understood the lecturer 
rightly, it would suit his purpose equally well to 
suppose the earth to be nothing more than a homo- 
geneous shell of iron. Both of these hypotheses 
are immeasurably at variance with the actual state 
of things. We quite agree with the statement that 
it is by no means an easy matter to introduce into 
physical formule the enormous pressures and exces- 
sively high temperatures of the interior of the 
earth ; but however difficult this may be, simplify- 
ing with a vengeance, as Mr. Ayrton does, is open 
to grave objection. 

In concluding his communication, the lecturer 
ingenuously stated that the ‘‘ new theory” is 
readily conceived, but that its working out is 
“exceedingly difficult.” This statement may have 
been made either for the purpose of disarming 
criticism, or conveying an idea of the extreme in- 
tricacy of the problem. Whatever may have been 
his real intention, we feel very sympathisingly for 
the ex-Professor of the Japanese University who, 
in the interest of science, condemns himself to a 
most abhorrent piece of drudgery, and we feel for 
him all the more as we are convinced, from what we 
heard last Saturday, that the ‘‘ new theory” must 
soon go to keep company with the many other 
conceptions, euphuistically called theories by their 
originators, which have long since been consigned 
to oblivion. 





THE EXPLOSION ON BOARD H.M.S, 
“ THUNDERER” 
TuHE following is the report of the Committee appointed to 
inquire into the cause of the bursting of one of the 38-ton 
ns in the turrret of H.M.S. Thunderer, on the 2nd of 
Scemuny, 1879. 


Explosion of a Gum on Board Her Majesty’s Ship 
ine = oo! on ms ae - 1879. se 
gincourt, a , 13th Fel i 4 

S1r,—The Joint Committee appointed by fhe Adeeimaity 
and by the War Office, under the orders cited in the 
minutes, to inquire into the cause of this explosion, and to 
recommend the precautions to be taken to prevent a recur- 
rence of such a disaster, have now to report as follows : 

2. Mr. Bramwell, the assessor to the Committee, having 
arrived in Malta on Thursday the 23rd of January, 
ments were then made for the Committee to commence its 
sittings on the following day, Friday the 24th, since which 
period the Committee have, with the ag oy of Sundays 
and with one other exception, sat daily, their sittings until 
the completion of the evidence having been held on board 
the Thunderer. 








3. The Committee have inspected, first 
then most minutely, the fore-turret, the ap; 
and about that turret, and the remains of the exploded 
gun; they have examined all the witnesses who it was 
onnpeoed might be able to give information to the Com- 
mittee in any way bearing on the subj submitted to 
them, and have made numerous experiments to test the 
various points which from time to time presented themselves 
as demanding elucidation by experiment, and as capable of 
being so elucidated. Among the witnesses who a 
before them, the Committee are glad to » was Captain 
Andrew Noble, F.R.S. (late B.A.), whose long and varied 
cxpenene in all neliene cumneee with Tey science and 
ony, rs) ry josives ena! him to give 

m Committe — valanliie andes ¥ . 

s ‘ore enteri into any review of the eviden 
whether that given by living wihpenans or that offered 4 
the gun itself and by other inanimate objects, and before 
commenting on the experiments and the results to be de- 


duced from them, the Committee beg leave, in order that 


generally and 
ies Seni 


this Report may be more readily followed and more 
clearly unde » without the necessity of referring to 


other documents, to give, as briefly as possible, a eral 
description of the structure of the » the cvengumans 
. the area , and the provisions for working the guns 
y y: 

5. The fore-turret of the Thunderer, which is 81 ft. 3 in. 
in diameter externally, and weighs about 406 tons when 
furnished with its guns, is made to revolve a special 
steam engine ( on the hydraulic room flat, but con- 
trolled from within the turret as well as from without the 
turret), and contains, or rather contained, two 88-ton 12-in. 
guns with their womans = — slides on which these 
carriages are run in and out. guns are called respec- 
tively the right and left om the terms right and a | 
applied to the position that the guns occupy to star! 

and to port when they are pointing fi . The turret 
is provided with two ports above level of the breast- 
work or upper deck, t h which ports the muzzles of 
the guns are run out to be . Immediately below these 
two oome are two other ports, or more strictly speak- 
ing, tubes, made through the thickness of the turret in 
a ion inclining downwards, so that when, by the 
elevating gear on the i , the guns are elevated at 
the breech and depressed at the muzzle these tubes shall 
form prolongations of the bore. The outer (the lower) 
ends of the inclined tubes are immediately below the breast- 
work or upper deck, and open into the battery deck, 
situated next below the upper deck. It is from this battery 
paws Tian ee guns = led, the r ~ ew — by 
pasking e charge, the any ile, and the wad up the in- 
clined tubes, and up the os ined bore of the guns. P Besides 
the two inclined tubes or ports before mentioned, there are 
in the turret two entrance ports by which access is obtained 
to the turret from the battery deck, and two other ports, 
which were made for the pace of ammunition to the 
guns when the armament of the fore-turret was to have 
consisted of two 35-ton guns, loaded by hand from within 
the turret itself. 

6. In order that the power to load hydraulically should 
not be dependent on a single apparatus, and in order to 
prevent the necessity of having under certain circumstances 
to move the turret after firing through a large portion of 
the whole circle before a position for hydraulic loading 
could be reached, and also to turn away from the enemy 
the gup ports while loading, two sets of ing apparatus 
have been provided, p' tively at an angle about 
33 deg. on each side of the midship line of the vessel and 
aft of the turret. By this arrangement, if the guns have 
been fired anywhere to, say, the starboad of the midship 
line, the turret would revolved ‘‘ with the sun” to the 
suitable position to be served by the starboard loading gear ; 
and if fired anywhere to the left of this line, the turret 
would be revolved “ agai the sun” to the position 
suitable for the guns being served by the port loading gear. 
Thus the travel of the turret from the firing position to 
one of the loading positions need never exceed 147 deg., 
and would commonly be very much less. 

7. Each hydraulic loading apparatus of each set consists 
of a vertically rising platform, which receives a trolly su 
porting at the proper inclination the projectile. On t 
movement of a lever this trolly is raised by the water 
pressure acting on a ram below the platform, and is raised 
so that the projectile is immediately opposite one of the 
inclined loadin, g tubes, which, as before stated, are in con- 
tinuation of the bore of the guns when these are depressed 
for loading. Immediately in the rear of the trolly-plat- 
form, and placed in the pro’ jon of an imaginary line 
passing through the centre of the gun and tube, is fixed an 
inclined hydraulic cylinder, containing within it a plunger 
rammer, which, on the movement of another lever, is by the 
water pressure forced out of the cylinder, and is run up the 
bore of the gun, driving the projectile off the trolly and 
4 the bore. The distance from the point of the projectile 
when on the trolly to the breech end of the bore of the gun 
being about 214 ft., it has not been possible to find 
sufficient to admit of the inclined cylinder being ante leng 
enough to contain a plunger which could reach up the gun 
to the breech end of the bore, and thus it has become neces- 
sary to make the plunger in two lengths, which go one within 
the other telescopically, und in this way are capable of bein, 
contained within a eylinder of but little more than 
the length that would be needed if this telescopic device 
were not adopted. The forward length of the telesco 
plunger is driven out of the hinder length by the iphenalie 

ressure in the same way as by that pressure the hinder 
Tength is driven out of the oy inder ; the travel of both 
parts being effected by a single motion of the hand-lever, 
and their return being ‘similar go by a singie 
reverse motion of the same lever. The outer end of the 
outer joint of the telescopic plunger carries the rammer 
head, which is surrounded by the sponge, and is provided at 
its front end with a small valve in communication with the 
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water pressure, and cme | kept closed by that pressure, 
and (to secure the valve at the times when the pressure is 
removed) by a coiled spring. This valve has, however, a 


jecting pin, which, on the head being bydraulically 
Rann up the gun, presses against the breech end of the 
bore, thereby causes the valve to open, and allows water 


to escape to sponge the ; ’ 2 

8. The: mode in which the loading oo is used is as 
follows : The gun having been fired, the turret is revolved 
to the nearer of the two loading positions, and the guns are 
depressed (which operation goes on simultaneously with 
that of the revolving of the turret) until the muzzle of each 
gun is ina line with the loading tube ; then, the turret and 
the gun (as hereafter explained) being locked, the signal is 
made by a tell-tale worked from within the turret, ‘‘ Sponge 
and load.”’ This signal being received, the lever is moved, 
the water pressure forces the rammer head and sponge to 
the breech end of the bore, and the contact of the pin of 
the small valve with the breech end opens the valve, allow- 
ing the water to escape into the gun. The rammer lever 
is now reversed and the rammer head is withdrawn clear 
out of the gun. The cartridge is then lifted by hand into 
the mouth of the inclined loading tube, the trolly lever is 
moved to raise the projectile, a papier-maché disc wad is 
put on the front of the rammer, and the rammer lever being 
once more moved, the rammer forces the wad, the pro- 
jectile, and the cartridge home in the gun. The rammer 

ver is once more reversed, and the rammer is thereby 
brought out of the gun, which is now loaded, and is ready to 
be raised, and on the unlocking of the turret to be 
revolved into the desired position for firing. With 
respect to the locking of the turret, it should be stated 
that there are two bolts to each turret, one is an hydraulic 
locking bolt, controlled by a lever withi the turret, and 
so constructed that on being protruded to lock the turret it 
will, on approaching either one of the two positions in 
which the turret should be locked for loading, endeavour to 
arrest the turret at such position, but if the momentum of 
the turret should be considerable this bolt will yield, and 
will allow the turret to pass some little distance beyond the 
proper position. The position having been reached, and by 
theaction of the hydraulic locking bolt without shock, a 
second bolt, the deadlock bolt, worked from the battery 
deck, effectually locks the tarret. With respect to the 
papier-maché wads, these are formed of a disc of about 1 in. 
thick, and of a little diameter than the bore of the 
gan, and have a central tubular socket, which is placed in 
a hole in the rammer head; around the socket there is a 
collar of sufficient thickness to keep the disc so far away 
from the head as to provent the act of ramming pressing 
on the pin which opens the valve that allows the water to 
escape when sponging. 

9. Owing to the hinder length of the telescopic plunger 
being (as a rule) driven by the water up into the bore of 
the gun before the front length begins to move, it is 
impossible to ascertain by mere inspection to what point 
the r has reached in the gun. To obviate this diffi- 
culty an indicator is provided, and is worked by a small 
line attached to the rammer head ; this indicator frequently 
fails, and did so on the 2nd of January. The person in 
charge of the rammer lever has, however, a very fair 
means of knowing if the rammer has gone home by attending 
to the sound caused by two blows, one due to the com- 
pletion of the ran out of the hinder length of the rammer, 
the other caused either by the rammer head striking 
against the breech end of the bore, if sponging out, or, 
when loading, by the charge so striking. Moreover, when 
sponging, if a considerable quantity of water comes out, 
more than could be due to the expression of moisture from 
the sponge, a further evidence is offered that the rammer 
has gone home. Commonly, however, not much water 
escapes at the loading tube, as channels are provided in 
this tube to convey the water into a tank placed within 
the lining of the turret, and thus, unless the rammer head 
has been left in contact with the breech end of the bore for 
some time, and thereby a very considerable quantity of 
water has been delivered into the gun, the water on the 
withdrawal of the sponge does not shoot over the channel 
so as to come out of the mouth of the tube, but finds its 
way unobserved into the tank. As the question of 
the charge being home, this may always be tested by 
* feeling’ through the vent with the priming wire for the 
cartridge. It should be stated that the ordinary hydraulic 
Se is about 750lb. on the square inch, giving, after 

educting friction, about 1150 Ib. as tending to drive the 
rammer up the bore. 

10. The guns are mounted on their trunnions on wrought- 
iron aaiage, which run on wrought-iron slides pivotted 
at their ends furthest from the muzzle, and at their muzzle 
ends supported on standards having steps of three different 
heights, to anyone of which the muzzle end of the slide 
may be adjusted, and thus there may be given an inclina- 
tion to the gun carriage, and therefore to the gun ; an in- 
clination which is in addition to, or is in subtraction from 
= = — may = elevation or de + 9pen given by 
t evated gear on the gun carriage. is arrangement 
enables the gun to be elevated or depressed through a large 
range without involving excessive ae in the ports 
through which the guns are fired. Each gun carri is 
connected by a pendent piece to th» rod of a piston which 
works in a horizontal hydraulic equates placed between 
the beams forming the slides on which the carriage runs. 
By the movement of a lever (one for each ) placed 
within the turret, water pressure may be admitted to the 
rear end of the piston to run the gun out, or by a reverse 
movement may be sent to the front end of the piston to run 
the gun in. is running in and out are, however, not the 
only funetions which this hydraulic arrangement fulfils, 
as it is employed to check the recoil of the gun on firing ; 
this it effects in the following manner: The rear end of 
the cylinder is provided with a number of safety valves (as 
many as six are em )» ings toa 





ployed), loaded pressure 
in excess of that given by the hydraulic engine, so that 





when water at this latter pressure is being used to run the 
gans in or out the valves will not open, but on the gun 
coming in with the recoil the velocity ey @ pressure 
in the cylinder so much in excess of the usual pressure as 
to cause the valves to open and to allow the water to escape 
until the recoil is by the resistance offered by this pressure 
arrested. To inst mistake it may be as well to 
observe that the apertures through which the water passes 
into the cylinder to ran the gun in or out are so small as 
compared with the area of the safety valves as not practi- 
cally to affect the amount of recoil, even although the 
lever be set in apparent aid of the recoil, or in apparent 
opposition to that recoil. The outward run of the gun is 

ways done entirely by the hydraulic apparatus, as is also 
the inward run of the , when mere gun drill is goi 
on, but when the gun is fired the first portion of the inw: 
ran is caused by the recoil, the completion of the run being, 
however, always due to the action of the hydraulic cy- 
linder apparatus. 

11. There are electrical arrangements (which need not 
be described in detail) by which all the guns in the two 
tarrets can be fired simultaneously from the ‘* conning 
tower.’’ There are also means by which the guns may be 
fired either in pairs or independently without electricity 
being used at all. These latter modes of firing are effected 
in the turrets themselves. Whether the fire be electricall 
or by hand, it operates on the charge in the gun throug 
the medium of the tube (either an electric-tube or a friction 
tube) placed in the vent of the gun. j 

12. When the guns are being fired there are within the 
fore-turret ten persons, viz., the officer of the turret, the 
captain of the turret, the two captains of the two guns, 
and three other men to each gun. The captain of the gun 
is known as No. 1, and the three other men to each gun 
Nos. 2,3, 4. It may be interesting to remark that in the 
case of the after-turret, where the two 35-ton guns are 
worked by hand, there are as many as 22 persons in the 
turret. 

13. In firing the fore-turret gans the operations are as 
follows : Assume the gun to have been hydraulically loaded 
from the battery deck, as already described, and the 
** deadlock’’ bolt to have been removed, the — * gun 
loaded”’ is given by the tell-tale from that deck to those 
within the turret as soon as each gun is loaded. When 
both these signals have been received, the hydraulic bolt is 
unlocked, and the captain of the turret, by means of a 
hand-wheel within the turret, sets the steam engine into 
motion, so as to cause the turret to revolve in either direc- 
tion he desires ; while this is being done, No. 1, the captain 
of the gun, works the elevating gear so as to raise the gun 
from the inclined loading position, and on this being com- 
plete, No. 1, who stands at the hydraulic lever, moves it 
so as to run the gun out, the gun is then elevated for the 
required distance; Nos. 2 and 3 make ready for firing by 
putting the tube into the vent, and by coupling up the 
wires or the lanyards (as the case may be) to the firing ap- 

aratus. The guns having by the revolution of the turret 
-_ brought to bear on the object aimed at, the captain of 
the turret or of the gun fires it, unless the firing is done 
electrically from the ‘‘conning tower.’’ As soon as the 
gun is fired it is run in by the recoil, and by the action of 
the hydraulic cylinder, put into operation by No. 4 revers- 
ing his lever. 

4. When the guns are run in, and even while they are 
running in, the captain of the turret sets the engine to 
work to revolve it to the more convenient of the two load- 
ing apparatus, while No.4 stands by the hydraulic locking 
bolt to arrest the motion of the turret at the proper place. 
The muzzle of the gun is once more depressed into the 
loading position, and by the action of the — of the hy- 
draulic cylinder is run forward until it is close up to and 
fair with the loading tubes in the turret, and in that posi- 
tion is locked to the tube by a stud on the face of the 
muzzle, ready to be once more sponged out, and to be re- 
loaded as soon as the turret is deadlocked. 

15. The 38-ton guns of the Thunderer are of the con- 
struction and of the dimensions now to be stated.* 

The barrel is formed of a steel tube bored out of a solid 
hammered ingot, and hardened and toughened in oil. The 
whole length of the bore is 198in. (16 ft. 6in.), and the 
diameter, exclusive of the rifling, is 12in. The rifling 
consists of nine grooves, about 1} in. wide, and ;yths deep. 
The grooves commence at 27éin. from the breech end of 
the bore. At this point the grooves are parallel with the 
bore, but they at once commence to depart from that paral- 
lelism, and the rate of departure goes on increasing by 
oes increments, until at the muzzle of the gun the 
ob way of the grooves is equal to a helix of 1 in 35 

ibres. 

_ The external diameter of the steel tube at the breech end 
is 19$in; this diameter is continued for 79in. forward, 
where it is reduced to 19 in. diameter for a length of 44 in., 
then to 18} in. diameter for a further length of 5in., and 
then to 17 in. diameter for the remaining 70in., making up 
the full of the bore of the gun. The breech end of 
the steel tube is 6 in. thick, so that the total length of the 
steel tube externally is 204 in. 

16. The rear end of this steel tube, and the whole of its 
length as far as the first decrease of diameter before men- 
tioned, are enveloped in a wrought-iron cylinder called the 
“breech piece ;” this piece extends in the rear of the 
—_ of ey tube for 18in., = into its centre is fitted 

@ cascabel screw. Against this screw, and inst two 
shoulders in the breech piece, is received the colin wan. 
sure exerted by the steel tube when firing. The thickness 
of the breech piece is 8in., and its exterior diameter, 
therefore, is 35$in. Outside the breech piece there is 
another envelope of wrought iron, called the “C coil,” 
which extends to within 4$in. of the rear of the breech 
piece, and goes forward to within 10 in. of the front end of 





oe en ye real on page 109 of the the 


present volame.—Eb. E. 


the breech piece. The thickness of the ‘‘C coil” is 11 in, 
and its external diameter, therefore, is 57}in., this being 
the extreme diameter of the gun. On the “ C coil” are 
the trunnions ; these are situated at 48} in. in advance of the 
breech end of the bore. In front of the breech piece 
the tube is surroanded by a wrought-iron envelope called 
the “1 B coil.” This is conical on its outer surface, being 
434 in. diameter at its rear end, and 39} in. diameter 
in the body part at the front end. The rear end of the 
“1 Becoil” is hollowed out so as to extend bac as 
much as 20 in. over the breech piece, and 10 within the 
front end of the ‘*‘C coil’? around the breech piece, a 
groove being made partly in the breech piece and partly in 
the ‘‘C coil” to receive this hollowed-out end of the 
“1 Becoil.” In advance of the ‘‘ 1 B coil” is the “‘ B tube,” 
which extends from the ‘‘1B coil” to the muzzle of the 
un ; the “‘ B tube”’ is conical externally, and is 29 in. in 
meter at its rear end and 2l}in. in diameter at the 
muzzle ; the rear end of the ‘‘ B tube’’ is hollowed out for 
a length of 10 in., to embrace a projection on the front end 
of ‘1 Beoil.”” Thus it will be seen the gun is made of six 
pieces, viz., the steel tube, the breech piece, the ‘‘ C coil” 
around the breech piece, the ‘1 B coil”’ in advance of these, 
the ‘‘ B tube” in advance of this, and the “‘ cascabel’’ screw 
in rear of all. The breech piece and the ‘‘C coil’’ have 
each been made by winding bars of wrought iron into a 
helix, and by welding the convolutions of that helix to- 
gether so as to form a cylinder. To the end of the “‘ C coil” 
cylinder has been welded the om, o which the trunnions 
are forged. The “1 B coil” has m made by winding a 
bar of iron into a helix to form the inner part of the coil, 
and by winding another bar into a helix around the first 
coil to form the outer part of the coil ; these two parts have 
then been heated together and welded into one mass. The 
** B tube” has been made by winding a bar into a helix, 
and by welding as in the other cases. All these forgings 
have Coon turned and bored, and then, having been heated 
to expand them, have been shrunk upon one another and 
upon the steel tube. At the places where the endway 
junctions between the different parts are made “ under 
cuttings” or “‘hooks’’ have been formed so as to give 
longitudinal connexion. The vent is situated 12in. in 
advance of the breech end of the steel tube. Through the 
threads of the cascabel screw there is a small longitudinal 
channel called the ‘‘ gas escape. This channel commani- 
cates with an annular channel on the cascabel screw 
in rear of the steel tube; the object of this arrangement 
is to obtain an indication whether, owing to a flaw in 
the steel tube, gas is passing between that tube and 
the inside of the breech piece. From these guns are fired 
both Palliser chilled projectiles and also common shells. 
The length of the Palliser shell, with its gas check hereafter 
described, is 32 in. ; that of the common shell is 35 in. The 
weight of a Palliser shell empty, with its gas-check, is 
in round numbers 700 1b., and of the common shell with 
its gas-check, empty, 590 lb. The shells are each provided 
with nine rows of gun-metal studs, three studs in each'row, 
which studs project from the shell, and being received into 
the nine grooves of the rifling, give the rotatory motion to 
the shell as it traverses along the bore. In the rear of the 
shell there is a disc of copper nearly fitting the bore of the 
gun, and having its hinder edge turned thin. This is called 
the gas-check. The force of the explosion drives the thin 
edge of the copper close to the bore of the gun, and into 
the grooves, and thus by filling up the windaws prevents 
the erosion of the bore which occurs when the heated gases 
rush violently between the projectile and the walls of the 
bore, and at the same time adds to a certain extent to the 
velocity of the projectile. When a Palliser shell is used, 
the charge of powder is commonly a battering charge, 
weighing 110 lb., and cocupying a length of 28 in. With 
a common shell a full c' of 85 lb. is employed. This 
pn pe a length of 22in. The powder is in the form of 
small pebbles, about } in. cube, and is known as P. powder. 
The cartridge bags are composed of coarse silk. 


(To be continued.) 








_THE St. GorHarD’ TuNnNEL.—The te distance 
ge on the St. Gothard Tunnel at the close of January, 

879, was 13,756 yards. A further distance of 2888 yards 
remains to be pierced to complete the work. 





RarLways In SoutH AusTRALIA.—The past year has 
been one of considerable activity in connexion with South 
Australian railway construction. Not only have several lines 
been in actual progress, but a large number of surveys 
have been made ; several contracts have been let, and 
the construction of some railways of great importance has 
been authorised by the South Australian Parliament. The 
smallest of the railways sanctioned is one from Moonta to 
Moonta Bay Jetty, which will be on the wide gauge, and 
will be only half a mile in length. A much more important 
line will be that from Hallett to Terowie, which will form 
another link in the chain of railways intended to open up 
the northern territory of the colony. This will be on the 
5ft. 3in. gauge, to correspond with the existing line to 
Hallett. The length is set down at 20} miles, and the 
amount to be borrowed for the work is 132,1941. A still 
ter undertaking will be the continuation of this line on 
e narrow gauge. Terowie has been chosen as the most 
suitable site for the break of gauge on account of the ample 
supplies of water to be obtained there, a great necessity at 
a junction station. From Terowie the rails will be taken 
to Pichirichi, a station on the Port Augusta and Govern- 
ment Gums Railway, the di to that point being 
93 miles. In addition to this a branch 22 miles in length 
will be made from Section 216, in the Hundred of Yongala, 
to James town. The cost of the trunk and branch lines is 





set down in a Loan Bill reeently passed at 713,4931. It is 
worthy of note that these northern lines will bring three of 
incipal ports of South Australia—. , Pirie, 


princi s 
and Augusta—into direct communication by railway. 
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STANNAH’S STUFFING-BOX. 

We subjoin engravings of a neat form of stuffing-box 
designed and recently patented by Mr. J. Stannah, of 20, 
Southwark Bridge-road. As will be seen from our illus- 
trations, Mr. Stannah dispenses with the ordinary loose 
gland, and places the packing in a recess R formed 
around the piston or other rod to be packed. A tan- 











recess, this hole being fitted with a screw S, by the pres- 
sure of which on the packing the tightening of the latter 
is effected. Fig, 4 shows a modified arrangement in 
which two tangential holes are provided for the insertion 
of the packing. Mr. Stannah has applied this form of 
stuffing-box to his “pendulum” donkey pumps with 
satisfactory results, and the whole arrangement is very 
neat and simple, while its compactness is a very useful 
feature in many situations. 





TUBULAR PILES. 

A NOVEL and ingenious system of constructing and 
driving piles has of late been introduced into practice by 
Messrs. Le Grand and Sutcliff, artesian well engineers. 
It involves a considerable departure from ordinary prac- 
tice, inasmuch as the piles are driven internally and at 
the bottom, instead of externally and at the top. The 
invention originated with the senior meiber of the firm, 
whilst the credit of some of the applications of the 
principle is due to the junior member. Having recently 
had the opportunity afforded us of examining the 
various applications of the principle at the works of the 
inventors, 100, Bunhill-row, London, we are enabled to 
place particulars before our readers. The piles are 
tubular and can be made of either wrought or cast iron, 
and the thickness of the metal can be proportioned to suit 
the varying circumstances of construction. The lower 
end of the pile, as shown in Fig. 1 of our engravings, is 
made solid and pointed, and is generally of wrought iron 
and steel tipped. The piles are made in sections, which 
are screwed together by strong steel sockets or joint- 
covers, which are barrel-shaped on the outside in order to 
diminish friction when being driven. The method of 
driving these piles is as simple as it is novel. Instead of 
the blows being delivered on the head of the pile, the 
driving force is expended just where it is wanted, namely, 
atthe point. This result is attained by using an elongated 
cylindrical driving weight, which travels easily inside the 
tube. The weight is raised by means of rope or rods, and is 
allowed to fall on the flat head of the solid point, the pile 
thus forming its own guide for the driving weight. The 
effect of each blow is to drag rather than-to drive the 
pile down. It will be seen that the point is swelled, and 
is of sufficient diameter to effect a clearance for the joint- 
covers which have to follow it down. The form of the 
joint-cover is seen at Fig. 5. A considerable experience 
in driving tubes into the ground has shown the inventors 
that, thus made, the point does all the real work, and that 
a very slight strain is brought on the joints above. An 
increase of stability is given to these piles in cases where 
the depth to which they have to be driven is previously 
known by the use of a flange which is proportioned to 
suit the nature of the soil into which the pile has to be 
driven. This flange is shown at Fig. 2, and is so placed 
that at the final driving it just embeds itself on the river 
or sea bottom. The tubes forming the pile are screwed 
into the flange, which in this case takes the place of the 
usual steel socket, and unites the two lengths of the pile 
together. Itthus in no way diminishes the s of 
the pile as it would if screwed on to the tube below an 
ordinary socket. 

With this system of piles it is not necessary to test the 








ground previously to driving them, inasmuch as lengths 
can always be added until a firm foundation is reached, 
failing which the pile can be withdrawn. In prospecting 
for a site small tubes can very rapidly be driven to ascer- 
tain the nature of thesoil. Another advantage the system 
possesses is that piles can be driven in deep water with 
great facility, and they can be of extreme length. Their 
strength, moreover, can be increased by filling them in 
with concrete after they have been driven, if desired. 
When meeting with obstructions, screw piles have a 
tendency to become diverted from their position, and 
are liable to loosen the ground around them. The 
tubular pile on the other hand is not open to this 
objection, as it will fracture and pass through minor 
obstructions until it reaches a solid foundation, and being 





























forcibly driven into the ground, the earth firmly sur- 
rounds it. These piles are applicable to all classes of 
engineering work, and they are now being tried by the 
Royal Engineer Committee under instructions from the 
Under Secretary of State for War. A series of experi- 


ments is being carried out with them at Chatham in | 61 


order to prove their efficiency in various soils and in 
actual bridge construction with a view to the applica- 
tion of the system to military purposes. 

The principle of internal driving has been applied by 
Messrs. Le Grand and Sutcliff to the sinking of tube 


wells, driving the foundations for telegraph posts (as |; 


shown in Fig. 3), flagstaffs, and the like. When used in 
connexion with tube wells a slightly modified arrange- 
ment has to be employed in consequence of the ne- 
cessity which then arises for keeping out of the tube the 
water, which in the ordinary way flows in through the per- 
forations. In this case the first socket above the perfo- 
rated end is made sufficiently long to admit of a stout iron 
ring or washer being placed in the centre of it in such a 
way that the two lengths of tube when screwed tightly 
together butt against it, one on the under and one on the 
upper surface. The interior of this ring is of sufficient 
size to allow the water to pass freely through it, but it 
has a screw thread cut throughout its whole length. 
During the operation of driving, the opening in this ring 
is closed by a steel plug, which is screwed down into it 
until the upper part butts on the ring, as seen at Fig. 4, 
where the ring is shown in section. The upper part of 
the plug forms an anvil, upon which the driving weight 
falls, the blow being thus delivered a short distance 
above the point of the tube instead of directly upon it, 
as in the case of the piles. In the centre of the plug a 
hole is bored and ta) into which a rod can be 
screwed for removing the plug when the driving has been 
completed. The male thread on the exterior of the plug 
is cut left-handed, so that ordinary boring rods can be 
used in removing the plug without incurring the risk of 
unscrewing them. The general arrangement of this 





system of driving tube wells is shown at Fig. 5. It will 
be seen that the water carnot rise in the tube above the 
underside of the steel plug, and in practice no difficulty 
been experienced in any other t. Altogether 
the system is one which commends itself for its ~impli- 
city, and for the facility it offers for carrying out that 
class of works to which the invention addresses itself. 





LOCOMOTIVE FIREBOX STAYS. 

We annex illustrations showing a mode of staying 
locomotive fireboxes which has recently been patented 
by Mr. J. F. Stephenson, assistant locomotive superin- 
tendent southern division of the North Eastern Railway, 
the leading feature of the plan being the “bossing” or 
thickening of the firebox plates at the points where they 
are tapped to receive the stays. The arrangement is 
shown by Fig. 1 subjoined, while Figs. 2 and 3 afford a 
comparison of a plate thus stayed and an ordinary firebox 
plate when the thickness is reduced by wear or corrosion. 
In Mr. Stephenson’s arrangement it will be seen that the 





stay still has a good hold notwithstanding the thinness of 
the plate. The “bossing” of the plates Mr. Stephenson 
effects by a squeezing action produced either by pressure 
or blows between blunt punches and hollow dies, so that 
the metal of the plate is at each stay place hollowed in 
on the one side and made to project as a boss on the other 
side. In some cases the stay bosses produced as above 
described are subjected to a further squeezing action 
between punches and dies, so as to thin the middle of the 
boss and swell it out laterally, The embossing may also 
obviously be effected by passing the plates between 
rollers having suitable hollows and projections. 








Brown, BayLEy, AND D1xon, Limirep.—The report 
of the directors of this company for the year pace Ney 
cember 31, 1878, has just been issued, and shows, notwith- 

g the depressed state of business, a favourable 
result. The net profit of the business done during the 
year has been 20,2611. 148. 10d., which, with the balance of 
14391. 4s. 3d. brought fi m year, leaves a 
balance to the credit of profit and loss account of 
21,7001. 198. 1d. Out of this amount the directors recom- 
mend a dividend at the rate of 5 per cent. per annum, 
placing 10,0001. in the reserve fund, and carrying forward 
a balance of 39561. 7s. 3d. to the next year. 





UNITED STaTEs ROLLING Stock Company.—This com- 
pany earned last year a net profit of 6} per cent. upon its 
share capital, its net income for the year being $13,624 
dols. A dividend of 44 per cent. was paid for the year, 
and 93,280 dols. were carried to the reserve fund. A larger 
addition than this was made to the reserve fun in January, 
1878, but the business of 1878 was less profitable than that 
of 1877. The cause of the falling off is the fact that the 
whole broad gauge ay ne leased by the Atlantic and 
Great Western Railroad Com has been returned to the 
company. The company has still in use 101 lovomotives, 

passenger cars, 21 bag cars, 2112 box cars, 
489 stock cars, 907 gondolas, 138 refrigerator cars. 


_ THE BasyDom or Macuinery.—A lecture having this 
title was given by Professor Kennedy, of University College, 
at the rooms of the South London Free Library, Upper- 
ae ay pane on Friday last, me audience ‘conta 
ing chiefly of engineers. essor Kennedy descri e 
fire drill (by which fire can be obtained by the friction of two 
pieces of hard wood) as probably the oldest machine known, 
Se Le era et aca 
was into a D 
and the change of wood for metal, i 





and next into a hand 
The potter’s wheel was said to 
be the next oldest machine. Continuous rotation waa 
unknown until about the end of the 17th century, all rota 
tion until then having been to and fro. The known 
Talis ts tare > eoperatilis thongs it one shee tend 
& prayer-mill ; was 

nearly as lo: ago in Bgypt for urposes of irri . The 
cada Will clas to uty outieah. The use of the " on 

a 
and with much humour, was 


of great antiquity. The lecture, which was 
very manner, 
illustrated by the exhibition of some very old books of 


Ee pe ee hove en choo a. bakg” destined to 
on as a“ 2 

, but iri t present the materials 
for growth in the wag wafladed with satis 


growth in the of funds. 
to the ‘on readers, but 


ace 
ti large number of regretted that 
South London for which it is established, had not as et 
suppl fands for i Professor Morley, 
of <ee t ¥ wil tee cn“ eoepenun ew 
and Old,’’ on the inst., in the same rooms. 
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THE ECONOMY OF RAILWAY WORKING. 
Appendices to Mr. R. Price Williams’s Paper (see page 205 ante). 
TABULAR STATEMENT, No. 5.—GREAT WESTERN RAILWAY.—Year 1877. 


APPORTIONMENT OF WORKING EXPENSES BETWEEN PASSENGERS AND Goops TRAFFIC. 






















































































EXPENSES AS APPORTIONED nee See, Sanaa 
To Goods and Mineral P P 
Irzms or EXPENDITURE. Total Apportioned in Ratio of So Facsenger Tenis. Traffic. a det hat eas 
Expenses. Per Train 
anes Mile. 
Amount Per Amount er 8 . . 
as | Passenger | ag |and Mineral ‘300 tons, | 400 Tones 
Apportioned.} Train Mile. Apportioned.| Train Mile. ‘ , 
£ £ d. £ d. d. d. d. 
Maintenance of way ... wen ove 932,513 Train miles 440,706 8.69 491,807 8.69 17.38 0.0579 0.0434 
Locomotive power 839,345 See Table 6 331,642 sa 507,703 8.98 17.96 0.0598 0.0449 
= ail 
' (100) = (39.51 per c.) {60.49 per c.) 
Carriage repairs a 125,796 Actual amount 125,796 2.48 7 - om - 
Wagon repairs ... o Sie aie eee 140,787 9 “ ji 140,787 y 4.98 0.0166 0.0124 
oaching eee tee see eee 9.37 ” ry 29 2 
Traffic expenses { Merchasedise } 1,036,449 Receipts 473.968 | » | 369-481 9°93 19.86 0.0662 0.0497 
ee 
(100) (45.73) at (54.27) 
General charges 122,289 es 55,923 1.10 66,366 1.17 2.34 0.0078 0.0058 
Law charges Pe 17,658 Pn ow 8,073 0.16 9,580 0.17 0.34 0.0012 0.0009 
: ‘assengers... ake “ , c amoun 30,000 0.59 
Compensation { Goods bar bf 40,8038 - “ 40,808 0.72 1.44 0.0048 0.0036 
Rates and taxes “ oat tas e 135,711 Receipts 62,061 1.22 650 1.30 2.60 0.0057 0.0065 
Government duty Sua sei Jas eee 111,675 - 51,069 1.01 60,606 1.07 2.14 0.0071 0.0054 
Parliamentary ... ass we és * 6,579 tn 3,008 0.06 3,571 0.06 0.12 0.0004 0.0003 
3,539,600 1,582,246 1,957,354 
‘ ie - oe 
Av ratio ... (100) we (44.70) i (55.30) 
Joint line expenses 87,052 Average ratio 38,913 0.79 48,139 0.83 1.66 0.0005 0.0042 
Steamboat ,, soe i. os he ‘ Receipts 23,277 0.46 27,623 0.49 0.98 0.0033 0.0024 
Total... se | 3,677,552 1,644,436 32. 2,033,116 | 35.90 71.80 0.2393 0.1795 
Ratio (100) os (44.72) (55.28) 
" _ 
Ratio of expenses to receipts (53.11) (51.93) | | (54.11) 























| | 
| Ratio of Train Mileage used in Apportionment. | 
}_ i 














¢ | 
miles. | Ratio. 
Passengers eee ee} 12,181,122 | 47.26 
Goods and minerals ...| 13,592,762 | 52.74 
Total 25,773,884 (100.00 | 





Ratio of Receipts used in Apportionment. | 


























£ Ratio. 
Passe 3,166,572 | 45.73 
Merchandise and live stock a1, 955,945 
Minerals ... + 1,801,675) 
Total goods and minerals es | 3,757,620 54.29 
Total —_...| 6,924,192 | 100.00 
| | 
Tonnage. 

Minerals oe eco abe | 14,698,310 

Merchandise... ove 4,756,381 

Total ... 19,454,691 

















American Tramway Cars. —Mr. J. Stephenson, who 
— the first street car in New York, has lived to see 
400 street railroads established in the United States. 
His. rst foreign ment was in 1858 to Batavia, and 
since then his cars have been employed in many far-off 
lands. The cars are — in the British me hs 
at nd Birkenhead Notting! , \olverhampton, 
“They bs have been introduced throughout 
—-, -¥ at Montreal, Quebec, ~e 
Hamilton wa, ae St. John. They are also to be 
es at ‘the, Cape. of Seed Hi at by - 77 
» an ellington, ew Bom , 
India ; at Kingston, in Jamaica; at at Adelaide, Port Ade- 
laide, and Gawlerton, in South Australia ; and ~~ F 
y 


elbourre, Sydney, and Hobarton. 
aoe pen ee and ante, sonane sevens 


Christiana, Hamberg, eye ent, i Amsterdam, and 


soon to be at M 


TABULAR STATEMENT, No. 6.—GREAT WESTERN RAILWAY.—YEAR 1877. 
Apportionment of Locomotive Expenses between Passengers and Goods. 





















































— mae : P. ger Expenses. Goods Expenses. 
£ £ £ 
Salaries, office expenses, &c. eve in one 23,101 47.26* 10,918 52.74* 12,183 
Running Expenses ; 
Wages connected with the wens < of mae 
ome — ; ——_ 33.96¢ 95,300 66.04¢ 185,325 
Coke and c 167,440 . 
Water 7 ne 2 24863 32.85f 63,172 67.15t 129,131 
Oil, tallow, ‘and other stores... adi eas 26,447 47.26* 12,499 52.74* 13,948 
499,375 
a 4 and eee 
wv 211,679 
Mebrials ” eco ° 127,720 
339,399 47.26* 160,400 52.74* 187,999 
Repairs of workshops, sheds, and engine turn- 
tables ots eco vse ae oon be 14,499 47.26 6,852 52.74 7,647 
Gas 6,405 47.26 3,027 52.74 3,378 
882,779 352,168 530,611 
Less engine power supplied to eam fs a 
department and other lines... 43,434 47.26 20,567 52.74 22,908 
Total ots 7” pan ei 839,345 331,642 507,703 
Ratio sus ese oft oes (100) (39.51) (60.49) 
* Apportioned in ratio of train miles : Per cent. 
‘assenger train miles eve 200 12,181,122 or 47.26 
Goods train miles ‘eS > 13,592,762 ,, 52.14 
Total seo eee ose ose 25,773,884 ,, 100.00 
+ Apportioned in ratio of train miles divided te pes of fentetis 
Viz., 35 miles per hour for passenger trains=!2,181,122 one 348,032 ,, 33.96 
20 gp onde trains = BERT, 676,633, 66.04 
Total eve oot 1,024,670 ,, 100.00 


T Apportioned in ratio of -— Rae, multiplied. by abbindesdtted: of fuel per mile : 


Viz., passenger engines 26 30x12, 181,122 
goods 48.18 x 13,592,762 


Total see 





$20,361,300 ,, 32.85 
654,907,600 ,, 67.15 


975,268,900 ,, 100.00 
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THE ECONOMY OF RAILWAY WORKING. 


Appendices to Mr. R. Price Williams’s Paper (see page 205 ante). 
TABULAR STATEMENT, No. 7—MIDLAND RAILWAY,.—YeEar 1877. 


APPORTIONMENT OF WORKING EXPENSES BETWEEN PASSENGERS AND Goops TRAFFIC. 




























































































































































EXPENSES AS APPORTIONED Mamanat, Barenaes, CLSPHne 
To Goods and Mineral : 
Sates: Denenenainanen Total Apportioned in Ratio of To Passenger Traffic. Traffic. Per Ton per Mile. 
Expenses. Per Train 
Amount P Amount | Per Good _ 
moun er oun er Goods ‘ ‘ 
as Passenger as and Mineral oo ina kae 
Apportioned.| Train Mile. | Apportioned.| Train Mile. ween —_ 
£ £ d. £ d. d. d. d, 
Maintenance of way ... 640,467 Train miles 240,559 6.40 399,908 6.40 12.80 0.0427 0.0820 
Locomotive power... daa eco ‘ See Table 8 261,152 6.95 635,708 10.17 20.34 0.1678 0.0510 
vy ~ s 
(100) ais (29.12 per c.) oo (70.88 per c.) 
Carriage repairs ms 112,200 Actual amount 112,200 2.99 
Wagon repairs ... ea ose 154,075 i ia we 154,075 2.47 4.94 0.0165 0.0124 
Traffic expenses 1,148,823 Receipts 871,300 9.88 777,523 12.46 24.92 0.0831 0.0623 
(100) et (32.32) zs (67.68 per ¢.) 
General charges 116,135 s $7,535 0.99 78,600 1,26 2.52 0.0084 0.0063 
Law charges... = 9,806 om 3,169 0.08 6,637 0.11 0.22 0.0007 0.0006 
Compensation, passengers 19,479 Actual amount 19,479 0.52 
- goods 42,573 . wy ha 42,573 0.68 1.36 0.0045 0.0084 
Rates and taxes 140,294 Receipts 45,343 1.21 94,951 1.52 3.04 0.0101 0.0076 
Government duty 44,574 Actual amount 44,574 1.18 
Parliamentary ... st 2,092 ”» 676 0.02 1,416 0.02 0.04 0.0002 0.0001 
Carriage and wagon hire 28,549 Train miles 10,723 0.29 7; 0.26 0.52 0.0017 0.0012 
Total... ‘sii 3,355,927 1,146,710 30.51 2,209,217 35.35 70.70 0.2357 0.1767 
Ratio (100) (34.17) (65.83) 
Ratio of expenses to receipts... (53.85) (56.94) (52.38) 
STraTEMENT No, 8.—MripLanp Raruway.—YzEaAR 1877. 
Ration of Train Mileage used in Apportionment. Apportionment of Locomotive Expenses between Passengers and Goods. 
. , Hen 8 Total 
Miles. Ratio. Expenses Passenger Expenses. Goods Expenses. 
Passengers in ...| 9,020,700 37.56 4 
Goods and minerals _...|14,997,469 62.44 £ £ £ 
Total ...  «..(24,018,169 | 100.00 eee, ete ge Se — pal > 08 re 5 — 
Running Expenses : 
Wages connected with the working of loco- 
“ ee — eS... as i ia ‘ red 25.58¢ 86,012 74.424 250,234 
Ratio of Receipts used in Apportionment Water - ok 21807 pay agi vee asd 
4 Oil, tallow, and other stores 41,398 37.56* 15,549 62.44* 25,849 
P. | 2,013,896 | 32.83 Rene —_ 
‘assengers eve ose ots «| 2,01 32 : - 
Merchandise and live stock £2,597,859 ©” Aro 2 158,978 37.56 57,834 62.44 96,14 
Minerals... =. -- _ 1,680,176 Materials ... e j 87.56 63,070 62.44 104,850 
Total goods and minerals .»»| 4,218,085 | 67.68 $21,898 
Total er) 6,231,931 | 100.00 Repairs of shops and engine turntables... 3,225 87.56 1,211 62.44 2,014 
Gas ... ab ove ie ool ioe 7,126 37.56 2,676 62.44 4,450 
aca ms 969,174 288,318 680,861 
Less received from contractors, &c., for engine 
Tonnage. power per ots ae ads = 72,314 87.56 27,161 62.44 45,153 
Total ots 896,860 261,152 635,708 
Minerals ... ... —sse =. owe | 11,219,941 Ratio oe (100) (29.12) (70.88) 
Merchandise eee ‘sa «| 8,765,718 
ake * Apportioned in ratio of train miles : Per cent. 
Total | 19,985,659 assenger train miles... - 9,020,700 or 37.56 
Goods train miles * 14,997,469 ,, 62.44 
Tue BrisBANE.—An effort is being made to secure the ; ? Total be sees 5 a il i re i 24,018,169 ,, 100.00 
formation of a trust with a view to the improvement of the + Apportioned in ratio of train miles divided by speed of trains : 
Brisbane river, Queensland. Viz., 35 miles per hour for passsenger trains=_2.090.200 257,734 ,, 25.58 
Torres Straits Mart Service.—Negotiations are in ‘ 14,997,469 
progress between the Queensland Government and the » 20 » goods trains = 749,873 ,, 72.42 
—— of the E. and , ae = ay od —— speed in 
e Torres Straits mail service. me of the company’s 
boats are capable of rforming a 10-knot service, and the : . Total , pe eee ‘ wr eee one : eee eee : 1,007,607, ” 100.00 
company are ewabedl 5 to deliver nine mails a year at that t Apportioned in ratio of train miles, multiplied by consumption of fuel per mile 
speed on receiving a bonus of 10001. for each trip, in which where same as on London and North-Western Railway : 
they allow an interval of four days between the arrival and . : Ib. 
departure of the mails at Brisbane. This would raise the Viz., passenger engines 30.3 x 9,020,700 doe 273,327,210 ,, 22.66 
— cash of the service for the remain inder of the oon, »» goods ” 62.2 x 14,997,469 eee ae 932,842,572 ,, 77.34 
,0001. a year, an uce the time for most o A 
the mails between Brisbane and Singapore from 21 days to Total ose 1,206,169,782, ,, 100.00 
17 days, making the through time, vid Brindisi, about 
49 days. A former offer by the Government for a 10-knot : ‘ 2 if 
service all the year round was declined by the company | BrLG1an MeTALLURGY.—The Marcinelle and Couillet | Gas 1n Paris.—The revenue of the Parisian Company 
because the work could not be done by their present fleet, | Company has repaired one of its ChAtelineau blast furnaces, | for Lighting and Heating Gas is still steadil; 
and as the Government would not promise to renew the | and expects to work up upon advantageous conditions the | The amount co in January, 1879, was 263,4291., as 
contract at its expiration, they considered they were not | stock of minerals which it has now available in the neigh- with 245,5571. in January, 1878, showing an in- 
warranted in building additional vessels. bourhood. crease of 17,8721., or 7.28 per cent. this year. 
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PRICH LIST OF MATERIALS. 


































Tuurspay, Marca 13, 1879. 





















Inox, Waoveut - 2 «6. 2 2. STEEL Castincs—continued 8. dd. 8. dG. | PITCH (per cwt.)— 8, d. s a 
METALS. , Sree i es: 4°¢ Side cranks, cross heads, | BEAD arse $$ 33 
8. 8. we RN decccisence I ° crane w , engine | Co RE a ae ° 
ANTIMONY OR8 (per ton)— to o 1 0 rs puddiled bars... $ : : 10 Slides, BC. .....0.00.0.8%. ¢ 0 30 © PLUMBAGO (per cwt.)— 
Regulus (star) ........00.0 6 o 46 10 “ boiler plates... 6 o 6 5s Tumbler — = other Ceylon lump.......cccc0e0e I2 ¢ 14 0 
Bass (per Ib.) — a &a. @& a RE secu, § © 2 castings for dr e CRIBS scroccccccccce 9 1 
Sheets, 43 x24 seeceaeseeceese ° zt o 8 " shipplates ... 5 © 5§ 5 PUFPOBES.....+eereeree 20 9 26 0 BUBB arrecooremerre 7 3 7 
6 o 7 ” sheets ee 7 15 SwepisH Iron (F.o.b) at RAILWAY GREASE (per 
Scotch bars ...... 6 5 6 10 Gottenburg (per ton) @e & & cwt.)—Rose’s .......... 28 © 08 © 
2 ~ » nail rods 6 g-- rs peace w- § © § 10 | Pritchard, Offer and Co.'s 
° 5 2 Staffordshirebars . 6 0° 8 0 Bar rolled .... ~ 9 @ 1 oO | concentrated ........... 60 0 © o 
eg 4 ° ia ates aipaeeds : s 3 » POD yey wate @ & ."S | RESIX (per ewt)— p 
ts 5 - hoops. bisibte 4 ee —: x r ton) - OTICAN .....s0eereereeeee 4 5 0 
“ Welsh rails S.W.......... 5 § : 10 emreerteeensnaseeee s S i Tener Ge eet) 
s gs b pee shatetieditasinnistadiiienis | Amerieee um. ae 
= wae ° boller “lates, RW. 9 ae BAR os onsnseoeevnsvnee 65 © oc o S. Assesteen beet... om tae: Caetaen 
ish tough, best. 60 10 6t 10 hoops, S.W. veces. 5 « 8 10 —— . a mene 2 & ¢ : sheep ...... 00 © ane 
ot aE - B heccctncdians’ G4 © 65 ° . — eee os 2 & r Australien boot Saciiaiian 33 6 36 o 
heets, ° ° EAD (per ton)— Eng refined..... ~ sheep... 3 ° 37 0 
Bottoms semctonss HHO 76 +o Soft on . quae 14 0 ™4 #5 Australian... 66 0 64 10 St. Petersburg, Y.O....... 35 9 36 Oo 
In0Nn Ongs (per ton)— age é ” oo” De ceeseenes ™4@ 9 § °o TiN PLATES (per box) - e @ a € English, town .......0.0. 36 © 37 © 
Red hematite, British 1 0 2m 60 8 TBD .ceccccscecereeesererree EZ ES ™4 oOo LO. charcoal...........0+.+. 22 © 25 °o | Rough, English .......... 13 0 4 0 
=" a. puddling 1% o 16 0 BOC ..rccccccrsccsccserersesres 36 O 17 0 — « o 32 0 Tar—Stockholm(perbarl.) 20 6 22 o 
{eon Pra (per ton) — PaosPHor BRONZE = ey coke... © 2F 0 | Archangel... 15 6 08 © 
Barrow No.l ......e0e 6 65 o (POT TOM) ...seceerererees IOS 9 125 0 ° > a rr ° = 2 | “ae —" 
- ps one 6 63 0 INC (per ton) - S.@& 8. CTican (CASKS) ........ 22 oO 22 3 
ou" int “en o «662 «(CO tien i bottle) o's $s Sheets, English............... 19 10 19 12 | WiPInas, engine (percwt.) 20 0 35 0 
veland No.1 . ° ° CRAP (per ton i woteee | 
el 2 ee Old ‘rails for re-manu- “hae 2 Bs | CHEMICALS, &. 
e » B's ~~ ge 6 36 Oo MOGNGD cccrcecomecsccicmsncs @ @ 5 0° ad Acips— s «a s «4 
- » 4 (Forge) 34 o 35 0 SPRLTER (per ton) — |  Aquafortis (per Ib.)......... o 64 o 44 
Ombe i net cece 00 0 - ° Sliesian. ordinary Sas ea at m COALS AND Coxe. : | Sulphuric acid (per Ib.) o of wrod 
elsh (Sou ales)...... 72 #0 ° 7 OALS (per ton)— 8. d. 8. . phuric acid, brown...... o o o of 
» (North Wales) ... - : “ , SrrmeeLatsan (per ton) — Borrow 7 EER OO = o 0 AMMONIA —Muriate (per ££ 8 £ & 
0. 1. o. 3. epdeetsnnsdanbtbetnesscesoeses ° ° (U8 sseseeee By 0 eee ees.. cee 
Scote! - s. 4d. s. d. i Ricdutmmanian 2 5 10 | pee ae + oa ; ss Bs. pr— tae z a og a 
a. b., + G iw. 6 eeeeeerceseesceses o ir ° } 7m 
Gnd et Glaagow.nnn- 44 6 43 2 | runt (per ton)— , nc | MemeustouniDariam: § 3 i o | Sulmpgerevt). a © 26 
Coltness eegas ~ doubio chest... a3 0 @ © Sein 8S oS S | Reeereeemen 5 5 6S Cc 
umm : - r cwt. 
Langloan so 6 44 6 mireiieh ae ESS a gS i S| BamstoNs (per ton) — 3s 28 
Jarnbroe 4s 0° 43 . OUBD..0000.0000 eccccesconensese 6 
et “4 0 4 6 —- ae Flour ae oa 
GED ncecmscsmeboontens CE 6 @ ® Sessemer 0 3 ~ 8 6 ae Rell .cccccccocssee eocneees: ° 8 10 9 0° 
Govan, at Broomielaw ... 44 6 43 © 3.3 ©. Durham sree 19 9 20 0 COPPERAS - green 50 © 55 oO 
Calder, at Port Dundas... 48 6 44 © - oe - a a Correr— Sulphate (per 8. do 8. dh 
Glengarnock, at - ee @e » billets 6 0 7 ° OILS, GREASE, & LUBRICATORS. Peng Ay we 6 2 © 
Eglinton, ditto... “4.0 «443 («OO ; # OILS (per tun) — ea #86. Acetate, Dest r...ocvcsseseee 
Dalmellington, ditto ...... Se. ace) ee aoe Seal, DrowM .......sc+sesees 24 0 425 10 own’ —s ae 
Oarron, atGrangemouth 60 ° 57 6 the rough not to ex- 90 BORO ccccccccccccccccoesce 28 10 29 Oo coee 1 0 17 0 
Ditto, specially selec’ 65 o - ceed 6 ft. in length, s. 4d. s «& Sperm body ........-++-+00++ 60 0 62 o WIIGB  ccccccccoceccccccessocse 19 © 20 0 
Saette, ot -—e so 6 45 6 guaranteed............0. 26 0 28 oO hale, now - . : Lemmanee perewt) tee we 
. seccessee -- - % é ” ‘oTASH—Bichromate r 
(The above all deliverable alongside). a. © s 8s Lard ...sssee ~ 38 © 39 © en .  . . 
a? @.0) @o¢od Hammer tups, faces, GETB nicrccrccccc-coccccsesscscrce 90 @ SF © SALTPETRE (per cwt.) 
Shropshire... 60 O 80 © swages, 5 cwt and PETROLEUM — s 2 246 English refined, kegs... 21 Oo 22 © 
North Staffordshire ..... 4 o 75 © ie inasnbaae 2° 6° “os @ Fine (per gallon)........... 0 74 o 7 o 6808 
South - scesentis p - ° #87 «© Holders-up for rivetting C i: ontiead 8 ie 3 19 6 
Yorkshire Thornaby pig. 60 o 65 o machines, &c 1) to 5 OAL OU, refin: ie © ° a 6 13 0 
Ridsdale Nos. land? ... 90 o 100 o CME, ccciceronrscibtpcncnes OS © 26 0° RaNGOON engine oil ......... 2 3 3 0° —  naneneaee « £3 10 3 15 

















FOREIGN AND COLONIAL NOTES. 
The St. Gothard Tunnel.—In a paper just communi- 
cated to the French Academy, M. Colladon gives some in- 
teresting details of the progress of this t enterprise. 
Besides the excessive hardness of the banks of serpentine 
and quartz, and the insufficiency of hydraulic forces on the 
Airolo side (after the lowness of water in winter), there 
bas been a very troublesome infiltration in the south por- 
tion, the volume of water having increased since the second 
year to more than 230 litres per second in the advance 
gallery. The difficulty of working here under jets which 
ad often the force of those from a fire-engine pump, can 
ily imagined. difficulty arises from a mass 
of decom felspar mixed with gypsum, found under the 
plains of Audermatt. This plastic material swells on 
contact with moist air, and exerts a pressure of terrible 
force, capable of crushing the strongest woodwork, and 
even arches of granite. In some of these parts the workers 
thought themselves happy when they were able to advance 
(with manual boring) about 1 metre in three or four days ; 
whereas, through granite, with compressed air and me- 
chanical perforation, a regular advance of 4 metres in 
24 hours has been achieved ; through gneiss 6 metres, and 
more. As regards apparatus, M. Oolladon states that the 
volume of water from the Tremola (Airolo side) having 
been found insufficient, M. Favre brought water in an ac- 
queduct, 3000 metres long, from the Tessin, to work new 
turbines and four compressors, on the same system as the 
others, but of greater volume. These turbines are of cast 
iron. It is noticeable that the old and smaller bronze tur- 
bines (formed of one piece), which have made some 
155,000,000 revolutions per annum, are in preserva- 
tion, after four, or even five years’ service, and still 
work usefully, after slight renewals. On each side of 
the tunnel there are at present sixteen air compressors 
in action, serving both for aératicn dnd for boring 
operations. They send into the tunnel air under a 
pressure of eight atmospheres, sufficient to drive eighteen 
to twenty drills, and effect good ventilation of the part 
already bored, which is at present 6100 metres on the north 
side, and 5390 metres on the south side. On either side 
there are, night and day, several hundreds of workmen with 
lamps, and about 300 ki es of dynamite are con- 
sumed. The compressors are found to suffice for 
tilation i two large exhaust 


ven " unnecessary 

placed two years ago at either mouth of the tunnel 
for drawing off smoke and vitiated air. The transport of 
materials is effected by horses in the more advanced part 
of the tunnel, and by compressed air locomotives in the 


portions near the mouths. To feed these locomotives 


eight of M.-Colladon’s compressors are placed at Airolo 
and Goeschenen. - They draw air from the ventilating pipe, 
and force it, under a pressure of 12 or 14 atmospheres, into 
a pipe which passes along the part traversed by the loco- 
motives. A great variety of rock drills have been used. 
Each year brings new improvements. 


The Suez Canal.—In the ten days ending February 20, 
the number of ships which passed through the Suez Canal 
was 39. The transit revenue collected by the Suez Canal 
Company in the same period was 31,6001. The shares of 
the company now stand at about 40 per cent. premium 
upon the Paris Bourse. 


American Locomotives.—The new year has brought the 
Baldwin Locomotive Works at Philadelphia a ae influx 
of orders. Amongst them are six narrow gauge locomotives 
for the Baturite ilway, of Ceara, Brazil, seventeen for 
the New York Elevated Railroad, and sundry orders from 
the Canadian Pacifie, the Missouri Pacific, ae and 
California, and the Macon and Brunswick Rai " 


Great Northern Telegraph Company.—The number of 
messages transmitted by this company in the first two 
months of this year was 97,713, as com: with 90,160 
in the correspondi g riod of 1878. The amount of re- 
venue collected to February 28 this year was 25,9441., as 
= with 26,2611. in the corresponding period of 

io. 


Steel Rails in Belgium.—The administration of the 
Belgian State Railways has just given out an order for 
8000 tons of steel rails, 30 ft. lo The John Cockerill 
Company, Seraing, Belgium, obtained the whole lot at 
51. 2s. Lid. perton. The rails are to be laid down upon 
the portions of the system upon which a system of iron 
permanent way is to be experimentally employed. The 
Augleur Steel Works Company tendered in competition 
with the John Cockerill Company at 51. 3s. 11d. per ton. 


Belgian and German Steel.—Belgium appears to be 
outdone by Germany in the race of competition. Thus 
the Hoesch Company, of Dortmund, recently offered to 
supply five lots of steel axles of 11 tons each at 51. 63. 6d. 
per ton. The John Cockerill Company, although content 
with modest profits, asked for 5/. 9s. Sd. per ton. 

Dunkerque.—M. de rin ey the French Minister of 
Public Works, has approved an expenditure of 1,680,0001. 
for the improvement and extension of the port of 
Dunkerque. 

Steam Navigation on the Danube.—The Roumanian 
Government has refused to t a Franco-Belgian com- 
pany a concession for establishing a new system of naviga- 








tion on the ground that it had no prospect of sucessfal 
competition with the existing Austrian Danube Navigation 
Company. 

French Mechanical Industry.—The Denain and Anzin 
Forges Company gives its shareholders a dividend of 10s. 
per share for 1878. No dividend had been paid since 1874. 


Belgian Mechanical Industry.—The Sclessin Company 
has just completed a great bridge over the Volga. This 
important structure, which has been erected to the satis- 
faction of the Russian Government, has for some time 
past maintained a certain activity in the company’s work- 
shops. The supply of orders has, however, now fallen off, 
and the management has great difficulty in keeping the 
establishment foing. Efforts are being made to improve 
— om and the cost of production is being sensibly 
reduced. 


Belgian Minerals.—The minerals which the Marcinelle 
and Conuillet Company possesses in the Luxembourg, in 
common with the Sclessin Company, will be shortly united 
to the Prince Henry Railway. This will, of course, sensibly 
reduce transport expenses. 

Steel Rails in the United States.—The demand for steel 
rails is in excess of the capacity of production in Pennsyl- 
vania- One of the Pennsylvania mills has had to decline 
an order for nearly 20,000 tons. 


The World’s Steamers.—The Bureau Veritas, of Paris, 
has published its usual annual compilation, showing the 
number of vessels registered in 1878. As regards steamers, 
Great Britain heads the list with 3216. The United States 
rank second with 516 steamers, and France third with 275. 
British statistics give Great Britain a larger number of 
steamers. 


Rapid Production of Steel Rails.—The Pennsylvania 
Steel Works, near Harrisburg, Pennsylvania, receutly 
turned out 6108 rails, weighing 1359 tons, in 108 hours, in- 
cluding stoppages for oiling the machinery and other pur- 
poses. This gives only 56 seconds to a rail during 4 
portion of the time. The rails were run through 13 passes, 
were 30ft. in length, and weighed 501b. to the yard. 
When cooled, they were straightened, drilled, and loaded 
on cars as fast as made. 

Pullman Cars.—President Pullman has sent an order to 

Palace Car Company’s shops, at Detroit, for 
the construction of eight palace sleeping cars, to embody 
all Lay ey me Four os these . be _ 
upon Great Northern Railway, Eng’ nd four 
the New York, Lake Erie, and quagient, siroed. The 
cars will cost 14,000 dols., or 28001. each. 
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MINERAL WEALTH OF EUROPEAN 
RUSSIA.—No. III. 
CoaL—(concluded). 

In our last article we described the Donetz coal- 
field as the most important of Russia, and as likely, 
before very long, to become a great coal centre for 
Eastern Europe. We shall to-day call the attention 
of our readers to the other portions of Russia where 
coal is worked, and mention, as far as our limited 
space will allow, those characteristic features most 
likely to impart a correct idea of the industrial 
value of each district. Our attention will have to 

from one extremity of the Russian empire to 
the other: from the Oural Mountains to Central 
Russia, and from hence to Poland, and to the Cau- 
casian range, for in all these places, with the ex- 
ception of the last where Jurassic coal is alone 








Coal lands belonging to the Depart: of mines 


fp oweeem pp evcceeesseee pene lo MO Plerriaroakatf 
pnt 0 the Bankowa Works 


worked, the carboniferous formation exists, as can 
be seen at a glance at the map we recently pub- 
lished.* Coal measures have been met with in all, 
varying very considerably as to quantity and 
abundance, but of sufficient interest to deserve 
special mention when, as in our case, the object is to 
take a general view of a country’s mineral wealth. 
Oural Mountains.—Owing to the other numerous 
mineral deposits contained in the Uural district, the 
already extensive metallurgical works are sure to 
multiply and increase, as coal becomes abundant, 
and its market value is established. Although it is 
not likely to be sent away at present in large quan- 
tities from the immediate neighbourhood, we may 
mention, as future customers, the 300 steamboats 
that navigate the river Volga. Carboniferous rocks 
have been brought to surface, along with other stra- 
tified formations, on either side of the Oural back- 
bone. On the west slope a parallel series of strips of 
different ages, give a remarkably distinct idea of a 
powerful and very regular geological upheaval. As 
far back as the commencement of the century coal 
was known to exist in the Oural range, but no geo- 
logical investigation had been undertaken before 
Messrs. Hoffman and Helmersen discovered, in 
1827, the mountain limestone in the southern por- 
tion of the district, near the River Sakmara. Pro- | 
fessor Moeller, of the St. Petersburg School of | 





Mines, studied more recently the neighbourhood of 
the Illimsk and Uutkinsk works, as well as the 
estates of Alexandrowsk. 

The carboniferous rocks have been found to rest 
on a Devonian formation containing small bunches 
and fragments of anthracite. The lower beds are 
formed of mountain limestone, on which rest coal 
measures composed of argillaceous sandstone and 
Secondary layers of limestone, The mountain 
limestone is itself divided into two distinct sub- 
divisions, the lower beds being slightly slaty, of a 

tk colour, containing numerous flint fragments | 
and abundant fossil remains; of these the most 








* See ENGINEERING, page 89 ante. 


‘characteristic are the Syrixgopora reticulata, the 


Lithodendron fasceculatum, and the Productusgiganteus. 
The upper division is also slaty, but the limestone 
is of a lighter shade, and the fossils most frequently 
met with are the Spirifer mosquensis, the Productus 
semireticulatus, a8 well as the Productus giganteus. 
This last fossil, although found in both divisions, is 
most abundant in the lower beds, whereas the 
Spirifer mosquensis seems to be a characteristic foesil 
of the upper layers. 

The coal measures that follow are composed 
below of a com fine grained and somewhat slaty 
sandstone, generally of a whitish grey shade, and 
very rarely tinted by iron infiltrations. 

Resting on the sandstone, and often along with 
this rock, follow strata of slaty clay, containing, 
in some cases, seams of workable coal. Vegetable 


fossils, of a badly defined character, abound in the 


OOMBROWA 
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lower beds. The appearance of marine, together 
with fresh water fossils, in the upper strata, indicates 
that these were formed in the neighbourhood of sea 
shores, Although these stratifications have been 
followed over extensive tracts of country on the 
west slope, it would be impossible at present to say 


| how many coal centres are likely to be worked in 


future, on the long north-south line extending 
parallel to the Oural range. In some industrial 
districts, coal has, however, been found in sufficient 
quantities to be worked, and of these we may men- 
tion as most important the Lounwa, Karchounowsk, 
Kizelowsh, Goubakha, Ouswa, Sisoewsk, Vach- 
koursk, and Lomowsk deposits. Coal, although 
abundant, is met with in seams of great irregularity 
as to thickness, often broken and displaced by faults 
that render the working both difficult and expensive. 
The irregularity is not only local, but also exists as 
to the continuance of the seams, for in some parts 
they seemingly disappear entirely, as is the case 
towards the south, in the Outkinsk estates. 

Above the coal measures follow a series of beds 
principally composed of silicious white limestone, 
with abundant fossil remains of which the Fusulina 
cylindrica is the most characteristic, ’ 

The total thickness of the carboniferous forma- 
tion of West Oural is calculated to be from 1500 to 
2000 metres. 

The following Table of the composition of dif- 
ferent samples of West Oural coal, will complete 
what we can at present say of this formation : 


























Districts. c. | a. |9.2"4) ash. | 8. | HO. 
Lounwa : : 
Nikitowsk seam 69.07 |4.60| 10.00 | 8.10 |5.60| 2.60 
Podnikitowsk seam! 79.40 |5.50| 7.15 | 4.40 |2.90| 0.60 
Anatoliewsk seam | 77.40 |5.40| 6.90} 5.60 |3.80/ 0.80 
Andreewsk seam...| 68.52 | 4.77! 7.75 | 16.80 |1.35| 1.30 
Sisoewsk. ... .| 61.80} of coke | 15.20 
Vachkoursk ..| 74.80 |4.70 | 18.80 | 2.70 2.40 
Lomowsk ... .| 71.90 5.03 15.05 | 7.50 0.50 











DOMBROWA 


DOMBROWA 





On the east slope of the Oural, the earboniferou 
formation is somewhat different, The strata can be 
divided into three groups: The upper composed of 
conglomerates spree § limestone containing only in- 
significant beds of ; the middle beds 

limestone with Productus giganteus and Spirifer 
eeomeenelss and, finally, the lower strata fo: of 
sandstone and argillaceous slate with Stigmaria 
ficoides, containing the only seams of coal known in 
this district. The general bearing of the stratifica- 
tion is similar to that already mentioned in reference 
to West Oural, Judging from the following com- 
position of coal taken a 2-metre seam, the 


quality is indifferent. : 
Carbon see eee owe "53.16 e 
Volatile matter see 26.53 
en eve 20.18 
_ 99.82 








a> 
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Another sample of coal taken from a 1.40 metre seam 
further south gave a better result : 
Carbon ose pn vi Abs 83.86 
Hydrogen pines 8.78 
and nr nm e' 
Ash * dais eos 4s0 8.22 
Sulphur 0,22 
Wa ooo abe 0.56 


100.19 

Graphite has not as yet been worked in the Oural 
range, but deposits of this substance are known to 
exist in the micaceous schists of the Slattoonste dis. 
trict. In the Miass district, in the neighbourhood 
of Lake Elautchak, lumps of hite have been 
found that weigh as much as 12 kilos, In other 
places this substance is also known to exist, gene- 
rally found in micaceous slate, but seldom im quan- 
tities of any note. 

Coal of Central Russia.—Of the immense surface 
occupied by the carboniferous formation of Central 
Russia, a very small portion contains coal measures 
in the neighbourhood of Moscow. To the north- 
west of this city, between the towns of Novgorod 
and Tver* a few coal seams of ] m. to 1} m. have 
been met with, and in some places are worked on to 
a small extent, but the quality of the mineral is so 
inferior, that but little hope can be entertained of 
any future development, To the south of Moscow 
near the towns of Toula and Kalouga, greater 
activity has been shown, and although many in- 
vestigations and prelimin works have been 
abandoned owing to the indifferent quality of the 
coal, there are still thirteen mines where regular 
workings are carried on. ‘The coal is unfit for 
making coke and éannot be sprees to the iron fur- 
naces of the district, Its friable nature, as well as the 
high percentage of ash it contains, renders its appli- 
cation difficult and inconvenient. It is sold at the 
pit’s mouth at from 2 to 24 roubles a ton, and its 
value in Moscow is 8 roubles. In 1877. the total 
amount of coal raised in this was 330,000/. 
At the Pebedino mine a boghead seam of 1 m. in 
* See map, page 8) ante, 






























































































228 





ENGINEERING. 


[Marcu 21, 1879. 











thickness, found in the lower strata of the coal 
measures, is worked by Messrs. Bromley and Co. at 
the rate of about 35,000 tons a year. A sample of 
coal from this vein was the only representative of 
the Moscow district at the Champsde Mars. A few 
results of chemical analysis will suffice to give a 
correct idea of the nature of the coal that is found 
in Central Russia, 

















Nameés of Mines. a = i Carbon.| Ash | HO 
Vialino ... 55.40 36.7 7.9 | 
Albidime | i 49.14 245 | 233 3.11 
.Kho 29.7 | 143 
Norosibnee 7 |. 65.25 22:1 | 12.7 
Malevka... 32.06 92.84 | 22.36 | 12.74 
Mouraévnia 24 to 71 | 20 to 27| 5 to 37 |10 to 19 
Pavelets.. 44.00 45.9 9.8 | 





Besides the mines above mentioned, Mr. Leo, in 
his work on Central Russia, said that coal is known 
to exist in 146 different places of the same district. 

Coal Formation of Poland.—The coal basin of 
Silesia extends across the frontier to Austria and 
Poland, where, in the extreme north-east corner, it 
covers a comparatively small district round the 
town of Dombrowa. The Polish limit of this 
carboniferous formation does not seem to be well 
defined ; to the north it rests on outcrops of the 
Devonian limestone, whereas to the east it disappears 
near the village of Stremieszyée under more recent 
strata. The large Dombrowa seam being the most 
interesting deposit of this district, we shall limit 
ourselves to a short description of its features, and 
of the mode of working that, so far, appears to 
have given satisfactory resuits. The concessions 
comprising these —_ as well as the Huta- 
Bankowa Smelting Works, were formerly in the 
hands of the Russian Government, but were pur- 
chased in 1876 by Mr, Plemiannikof, who made 
arrangements with the Banque Frangaise et Ita- 
lienne of Paris for the working of the coal seams, 
and succeeded in organising, with Mr. Verdier, 
of St. Etienne, a company with the object of re- 
opening the Huta-Bankowa works. We shall refer 
to this smelting establishment in a future article. 
The Banque Francaise et Italienne set to work with- 
out delay, and their exhibit last year in the Russian 
Department of the Champs de Mars was ample proof 
that no time had been lost in obtaining practical re- 
sults from the valuable property they had purchased. 
The exhibit was composed of samples of coal and of 
photographs of surface arrangements; but it also 
compri a model of underground working, to a 
scale of one-tenth, that illustrated, better than 
descriptions or drawings could do, the mode of 
extracting without loss or danger, all the coal con- 
tained in a seam that, in some cases, attains 12 m. 
and even 14 m. in thickness. We have to thank 
Mr. Berald, the company’s head engineer, residing 
in Paris, for most of theinformation we have collected 
in reference to the Dombrowa coal mines. 

The great seam worked by the above-mentioned 
company and by others we cannot mention here, 
extends at the surface over a distance of more than 
two miles. Its regularity is perfect, it being only 
divided into four portions by faults that have simply 
displaced the vein without ‘altering it otherwise. 
The dip at surface is about 30 deg., but it lessens at 
no great depth, and usually varies between 10 deg. 
and 15 deg. at a short distance from the outcrop. 
As we have said, the average thickness is very 
great; it is 10 m. at the Reden concession, and 
12 m, in the western extremity, at the Xavery.- 
Koszelef concession. Towards the centre it attains 
its maximum thickness of 16 m. With the ex- 
ception of a small vein of clay, barely a few inches 
thick, and placed so as to divide the seam into two 
equal portions, the entire vein is formed of good 
and profitable coal. It is coherent and hard, con- 
tains from 4 per cent, to 7 per cent. of ash, and 
yields 40 per cent. of volatile substances. It can 
therefore be applied as steam and gas coal as well as 
for metallurgical purposes, 

The concessions purchased, and at present worked 
by the Banque Francaise et Italienne, are shown in 
the plan on the preceding page. my: comprise 
the Xavery- Koszelef, the Nowa-Labecki, and 
Cieszkowski mines. A portion of the latter is on 
fire, and considerable difficulty has been encoun- 
tered in stopping the progress of the invading 
element. The coal is not easily inflammable, 
nor has any firedamp been found; but, owing to 
incomplete extraction of the mineral by former 


unscientific working, the pressure on the remaining 
coal was sufficient to ignite it. For some time 
these concessions were simply worked by means 
of opencuttings. The coal was good at the surface, 
and the thickness of the vein allowed of large quan- 
tities of mineral being obtained by this method, 

Unusual precautions have to be taken, when all 
the coal contained in an extra thick deposit has to 
be worked out. We have seen that, in cases where 
a certain amount is left to support the heavy pressure 
of the overhanging strata, it may under these con- 
ditionsignite and thus lead to considerable loss and 
inconvenience, At the same time it is not always 
easy to take away entirely the contents of so large 
a vein as that of Dombrowa. 

The method at present in use at these mines 
consists in dividing the seam—12 m. thick—into 
two equal s, the upper half being dealt with 
in the first place. Inclined tunnels or shafts, fullow- 
ing the dip of the seam, are sunk at 100 m. from 
each other, and are connected by levels also 100 m. 
apart, that are driven horizontally, so as to divide 
the vein into 100m. squares. The floor of these 
workings corresponds to the centre of the seam, 
and the levels being 2 m. high they still leave above 
them 4m. of solid coal, When oneof these squares 
has to be worked out a series of parallel levels are 
driven from one inclined shaft to the other, situated 
100m. off, at 6m. from each other, so that the 
square is divided into so many strips. At the far 
end of the nearest level to abandoned works, the 
working out of the coal is then commenced. The 
level is stripped up to the hanging wall of the seam 
and the 4 m. of coal placed near it is taken down by 
underhand stopping. Sufficient timber is, of course, 
placed as the work advances, and thus the entire 
strip 100m. long, by 6m. wide and 6m. high is 
worked out. The timber is then removed and the 
above strata allowed to fall in. 

The plan of procedure we have described is 
followed. in the case of each strip until nothing is 
left of the square measuring 100 m. each way. ‘The 


and could be investigated at no great cost. An 
average composition of this mineral may be obtained 
from the three following chemical analyses we dis. 
pose of : i 

















Origin. Carbon. Leone. Ash. | HO, 
Ourguebi hills... ...| 22.63 | 5485 |21.07| 445 
Middle beds ... ...| 53.70 | 35.50 | 7.60| 3.20 
Tibnari valley ... | 41.35 27.95 25.49) 4.91 








These deposits are all situated, as can be seen 
by a glance at the map,* in the immediate neigh- 
bourhood of the east coast of the Black Sea. From 
what has been said of the coal formations of Russia, 
it appears evident that the empire is, in this re- 
spect at least, in a perfectly independent position. ¢, 


CANADIAN RAILWAYS.—No. XVI. 
EUROPEAN AND NorTH AMERICAN RalLway. 

THE city of St. John, the commercial capital of 
New Brunswick, at the mouth of the river of the 
same name, which empties into the Bay of Fundy, 
was nothing but an insignificant military post, with 
a few straggling houses and a sparse fishing popu- 
lation, until the year 1783, when the refugee 
loyalists from the revolted states landed here in 
considerable numbers and commenced building the 
town. The next year New Brunswick was dis- 
sociated from Nova Scotia and created a separate 
province, aud in 1785 the city was incorporated and 
soon became an important centre of business. The 
rapid development of the timber trade of the 
St. John River soon attracted a large population, 
and until 1825 no drawback had occurred to mar its 
rising prosperity. A period of inflation in prices had 
ruled in England, an over-strained speculation had 
glutted the market with colonial timber and St. 
John ships, and the inevitable reaction was has- 
tened by a change in the duties, which admitted 
Baltic timber on more favourable terms. In the 











ground that has thus been allowed to fall in over a 
considerable space, is left untouched for at least a | 
year, after which period the same works are carried | 
on in the under half of the seam, also 6 m, in thick- 

ness. The coalin both cases is taken to vertical | 
shafts, where hauling arrangements are prepared to | 
bring it to surface. | 

In three or four years these mines will be in a| 
position to produce large quantities of coal. Special | 
attention has been given to the Xavery-Koszelef and 
Nowa-Labecki concessions. The former when | 
worked by Government was capable only of produc- 
ing from 35,000 tons to 40,000 tons, whereas it | 
yields at present at the rate of 200,000 tons. In the 
former there are now being carried out very active 
preparatory works which will shortly enable these 
two concessions to produce at the rate of 700,000 
tons per annum. 

It is probably owing to the absence of firedamp 
that, so far, the works described have been carried 
on without any accident. It would be otherwise 
difficult to prevent vast accumulations of explosive 
gas in the fallen-in strata, and the present system 
would then be hardly practical. The amount of 
large coal varies from 65 per cent. to 72 per cent. 
Wood of 6 m. in length and 0.20 m, diameter for 
timbering is obtained abundantly, and at a low price. 
The amount of water gathered in the underground 
works is also small. The Xavery-Koszelef con- 
cessions, with a total extent of 154 miles of levels, 
only give 1} tons of water per minute. The 
Dombrowa mines stand therefore alone, resem- 
bling no other known deposit, and are well de- 
serving of the student’s attention and interest. 

Coal in the Caucasian Range.—In completing 
our notes on the coal formations of Russia, we 
must not omit the Jurassic coal of the Caucasian 
district ; not thatany active workings have as yet 
been carried on, but because the quality of the 
mineral found may lead one to suppose that mining 
speculation will shortly direct its attention to this 
ear In the neighbourhood of Tkwiboule, the 

urassic formation is represented by numerous 
beds, both of limestone and sandstone, that crop 
out at different angles. The upper beds are com- 
posed of limestone with fossils of Cuwprotina 
ammonica, under which is found a species of 
graywacke corresponding to our Oxford layers, 
below which again are found beds of sandstone 
containing numerous seams of coal varying 
in thickness from 0.30 m. to 3.00 m. On the 
two sides of the hills that border the river Tchirdiliss- 








Oukali several workable seams appear at surface, 





year 1825 some disastrous failures had thrown a 
blight over all the business of this place, when the 
commercial fabric was rudely shaken by the great 
fire of Miramichi, which destroyed property to the 
value of half a million sterling, and this with the 
revious difficulties fell most heavily on St. John. 
n 1837 another terrible fire occurred in the city 
itself, by which 115 stores and shops were burnt, 
and 250,000/. of property was destroyed. It has 
several times suffered since then from fire, but the 
crowning disaster happened on the 20th of June 
last, when 200 acres of buildings in the best part of 
the city were destroyed and property to the amount 
of twenty-seven millions of dollars entirely con- 
sumed. ‘The fire broke out about two in the after- 
noon, a hurricane raging at the time, and in two 
hours the town was on fire in a score of different 
places from the burning embers being carried by 
the wind to a distance, whilst a broad belt of flame 
extending from water to water was rolling down 
the long tongue of land on which the city was 
built. Nothing arrested or even checked its pro- 
gress, and no class of building was safe from its 
fury, the heaviest granite, or the most elaborate 
‘* fireproof” structure, was demolished equally with 
the wooden tenement or the humble cottage. 
Massive public buildings—a more beautiful and 
apparently indestructible edifice than the New Post 
Office could not be designed—banks, six of them, 
churches, schools, 14 hotels, including the great 
fireproof seven-story high Victoria Hotel, the 
largest and best in the maritime provinces, with its 
heavy brick walls and marble floors, the water 
works, gas works, nearly 10 miles of streets, and 
over 1600 houses, in little over eight hours were 
swept out of existence. It is impossible to ade- 
uately describe the horrors of the terrible night 
that ensued, in which 13,000 houseless wretches, 
men, women, and children, without a shelter during 
the whole night of pouring rain that followed, 
which, whilst it added immensely to their sufferings, 
came too late to stay the progress of the wave of 
fire, which had rolled onward to the waterside, with 
irresistible, sweeping, pitiless destruction. It is in 
times like these when the railway and the telegraph 
show themselves in their most benignant aspect, 
and it is one great proof of the practical Christianity 
that makes us all akin, that the blow struck heavily 
at one district, wounds with electrical rapidity every 
member of the body politic. Although the tele- 
graph office was one of the first to be destroyed, 
the news found its way to other points, and the 
* See ENGINEERING, page 89, ante. 
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first tones of its harrowing utterances had scarcely 
thrilled through the wires when relief trains were 
organised and sympathy and energy from all sides 
did their all to mitigate the sufferings of those in- 
volved in this overwhelming catastrophe. The 
homeless wanderers of the night had provided 
for them by the next morning a breakfast, which 
during those terrible hours of darkness had been 
hastened onwards to supply their wants 276 miles 
from Halifax. The town of St. John is now rapidly 
rising from its ruins, and before the anniversary of 
its destruction probably half of the burnt district will 
be restored by a class of buildings equal if not 
superior to those that they replace. 

The River St. John, after a course of 350 miles 
from the Northern Allegheny Mountains, here 
empties itself into the harbour, which is a part of 
the Bay of Fundy, presenting at its debouch the 
phenomenon of a double reciprocating waterfall, 
the high tide of the harbour rushing into the river 
with almost the same impetuosity that the fresh 
water falls into the harbour at low tide. Four 
times in the 24 hours for a short time the two are at 
a level, and can then be navigated by the largest 
vessels, The cause of this state of affairs is the 
narrowness of the rocky gorge that almost bars the 
outlet, less than 500 ft. between the projecting capes ; 
whilst the rise and fall of the tide in the harbour is 
98 ft., the difference in the height of the river does 
not exceed 4 ft., so that at low water there is a fall of 
16 ft, from the river, and at high water a rapid the 
other way falling 8 ft. into the river. Across this 
narrow outlet a suspension bridge, with a span of 
680 ft., has been thrown 80 ft. above the water, but 
the projected railway bridge is still unsettled, and at 
present the prospects of this being completed as 
originally intended, are not promising; that por- 
tion of the European and North American, east of 
St. John, being now included in the Intercolonial 
system which here terminates. 

The railway with this high-sounding title was 
originally started in Portland, Maine, intended to 
connect that city with Halifax, The railway system 
was at that time extended east from Portland 
135 miles to Bangor in the state of Maine, and the 
European and North American was to continue this 
to Halifax 470 miles further. The Nova Scotia 
Government, in negotiating with the Colonial Office 
for the means to construct the Intercolonial Rail- 
way, deceived themselves into the idea that the 
imperial guarantee extended also to a line to the 
borders of the United States, and although on look- 
ing over the correspondence there seems now 
nothing to justify this impression, still it became so 
completely expected, that at the Portland convention 
the means to complete this long line were repre- 
sented as limited only to the wants of the section 
between Bangor and the provincial line 114 miles; 
and when the negotiations fell through, Messrs. 
Peto, Brassey, and Jackson actually closed a contract 
for the 240 miles in New Brunswick, including the 
still uncommenced bridge over the St. John River, 
with the expectation that these negotiations could 
be renewed. All but the bridge is now completed, 
but the scheme of a united management for the 
ow oy of making this a through route from the 

nited States, in connexion with the Atlantic traffic, 
is for ever dissipated. 

The present European and North American line is 
now the property of two companies, by no means 
working harmoniously, dividing the road between 
St. John and Bangor at the boundary line, 95 miles 
the British, and 114 miles the American sections. 
It commences on the opposite side of the harbour to 
the city of St. John, where it dispenses with the 
formality of station accommodation, the train being 
backed down to the ferry landing, alongside the 
public thoroughfare. From this starting-point the 
railway skirts the entrance to the harbour, and 
winding round the shore to get the necessary eleva- 
tion, in three miles it reaches the point from which 
the approach to the intended bridge was to com- 
mence, the extension to the ferry being the property 
of a subsidiary company. Following the valley of 
the St. John River for 20 miles, the line then enters 
the pretty Nerepis Valley, where some good land 
and fine scenery is passed to Fredericton Junction, 
45 miles from St. John, from which point the main 
line turns westward, and at 85 miles crosses the New 
Brunswick and Canada, at a point 42 miles from St, 
Andrew’s, and 52 miles from Woodstock, where the 
trains are arranged to meet and interchange from all 
four routes, St. Andrew's and St. Stephen’s south, 
Woodstock and Houlton north, St. John to the 
east, Boston, Portland, and Bangor from the west. 


Six miles beyond McAdam Junction the St. Croix 
River is crossed, and immediately on the American 
side is the village of Vanceboro’ in the State of 
Maine, and the European Railway of the American 
Company commences. This latter line was opened 
in 1867 to Mattawamkeag, 58 miles from Bangor, 
and for some time was a good paying property, but 
after the completion of the line from St. John to 
Vanceboro’ in August, 1869, the connexion was 
pushed forward through a desolate wilderness, and 
as soon as completed a fusion of the two companies 
took place, in December, 1872, which resulted in the 
general collapse and bankruptcy of both. Recrimi- 
nations ensued, a seizure was made by the bond- 
holders of the sections separately mortgaged, and 
both lines are now Cental te the receivers of the 
two companies, for the benefit of their respective 
bondholders. 

The Fredericton Branch, 23 miles long, making 
the distance to St. John 68 miles, is a separate com- 
pany, and so far has kept clear of financial embarrass- 
ments. There are no works or bridges of any magni- 
tude on the route, it is a surface line all the way, 
and the 10,000 dols. per mile given by the Govern- 
ment, together with 80,000 dols. from the city of 
Fredericton, probably nearly finished it, the balance 
being found by local parties to whom the outlet was 
of more consequence than the direct profit of their 
investment. ‘The city of Fredericton, the capital of 
the province, the seat of the English bishopric and 
the provincial university, is very prettily situated 
on a flat piece of interval on the St. John River, 
90 miles from its mouth. The navigation is good to 
Fredericton, and steamers ply regularly to St. John 
during the time navigation is open. Formerly a 
regiment of soldiers was stationed here, and this 
was the principal depét for the lumbering supplies 
of the river, which were taken from this point by a 
class of steamers called ‘‘ wheelbarrow boats,” from 
their general appearance, with one big wheel pro- 
jecting behind and a pair of engines one on each 
outside guard or platform with a long wooden con- 
necting rod to the overhanging paddle shaft. These 
boats, 130 ft. to 140 ft. long and 20 ft. or 22 ft. wide, 
perfectly square in section, and built of very light 
scantling, when new would only draw 18 in. and 
20 in. of water, and could make their way up rapids 
running eight or nine miles per hour, Except 
in the low water of July and August they worked 
regularly up to Woodstock, 67 miles, and in the 
spring of the year 70 miles further, to near the 
Grand Falls, where the River St. John forms a series 
of cascades, the principal one 75 ft. in height, and 
three others with the intervening rapids aggregating 
another 75 ft. The completion of the narrow gauge 
railway up the river has —— the operations of 
these up-river boats, and wheelbarrows are no longer 
to be found in these waters, The operations of the 
railway, the abstraction of this up-river traffic, the 
removal of the troops, and a sad series of destruc- 
tive fires, have all been injurious to the prosperity of 
Fredericton, and though a pretty little place, itis asa 
city scarcely a success, On the opposite side of the 
river, at a new village called Gibson, from its enter- 
prising owner, commences a narrow gauge railway. 
which is courageously pushing it way up the River 
St. John, and will probably be opened this year to 
the Little Falls, 31 miles above the Grand Falls, 
and by the railway 197 miles from Fredericton, At 

resent it is running to Cariboo in the State of 
ine, ]}27 miles, entirely through the forest, its 
principal intention being to open this up for lumber- 
ing purposes. At Akkar’s Brook, 60 miles from 
Fredericton, a branch ten miles long crosses the St. 
John River to Woodstock, forming a second line be- 
tween this place and Fredericton, The junction be- 
tween this railway and the New Brunswick and 
Canada at Woodstock has not been completed, and 
as there is a difference in the gauge there is — 
no great object in having it, but when the railway is 
complete to the St. Lawrence, 70 miles beyond its 
present terminus at Little Falls, the connexion at 
Woodstock would open up a new route from St. 
John to Quebec, and through Canadian territory, 
only 300 miles long, to the Riviére du Loup, where 
this railway would join the Grand , instead of 
460 miles by the Intercolonial. 

The New Brunswick Railway, as this narrow 
gauge line is called, has been built on a new financial 
basis. The Government gave them no cash subsidy, 
but a deed of 10,000 acres of selected land to the 
mile of road built, and as the owners of the line are 
looking more to the lumbering facilities afforded by 
the road for a return than to the traffic i 





The usual system of collecting the rental of these 
forests lands is by, what is called stumpage, in other 
words, counting the stumps of all trees that have 
been cut down. It is usually assumed that five 
ordinary spruce trees will make 1000 ft. superficial 
of boards an inch thick, so that this stum forms 
a tolerably accurate basis for estimating the quantity 
of timber cut off by the lessee, and as a spruce tree 
grows sufficiently to form a saw log in about fourteen 
years, the same land may be cut over with advan- 
tage every five or six years, and a sufficient number 
of logs be obtained to pay for the cross roads to the 
railway track. 

Another narrow gauge railway is now being con- 
structed from St. John ,westwardly to St. Stephen’s 
and the boundary of the State of Maine, to be con- 
tinued from there to Bangor, on a route parallel to 
but more southernly than the European line de- 
scribed above. This southern line passes near to 
the Bay of Fundy shore, through a far more in- 
teresting country, and when completed will probably 
have a better local traffic. About 26 miles from St. 
John, and 2} miles from the road now being con- 
structed, near the crossing of the Lepreaux River, 
a discovery has recently been made of the only 
anthracite coal so far known in any part of Canada. 
The shaft has been sunk 130ft., and at this depth 
the vein was struck nearly 20 ft. in thickness, As 
far as at present known, there are three parallel 
seams lying nearly vertically in the ground, the 
middle one of which is opened upon, and from the 
tests and analyses made, this bids fair to be the 
most important mineral discovery of late years. 

The pits are not yet in working order, and 
perhaps it is too soon to say much about them. At 
the crossing of the Magaguadavic River, 46 miles 
from St. John, an interesting geological district is in- 
tersected, not at present thoroughly explored, but 
containing some important mineral deposits. The 
town of St. George is advantageously p at the 
falls of this river, where an immense water power 
may be cheaply obtained for lumbering and other 
industries. ‘Two miles above these falls the river 
crosses a vein of beautiful red granite, a company 
for working which has been formed, with sufficient 
machinery for cutting and polishing it, and some 
capital architectural results, equalling the Peter- 
head granite of Scotland, have been produced, 
Lower down the river indications of copper ore 
abound, and two or three mines have been working 
for some time, but so far without any very 
successful results, and a deposit of silver ore in at 
least two places has also been discovered. Near the 
mouth of this river, but with a separate entrance 
from Passamaquoddy Bay, is L’Etaarg, said to be 
the best harbour in British America. There is an 
immense deposit of limestone here, but, excepting 
for a‘small trade in burning and shipping the Time 
this glorious natural dock, in which the navies of 
Europe might be perfectly landlocked, is seldom 
visited by anything larger than a fishing smack. 





RAILWAY ROLLING STOCK AT THE 
PARIS EXHIBITION.—No, VIII: 


Tue examples of rolling stock contributed to the 
Paris Exhibition by the Southern Railway of France 
consisted of two first-class carriages both of good 
design and workmanship. Of one of these we now 
give engravings, the views on the next pase 
explaining the general arrangement of the body of 
- ay e, a Rruect construction of the ane is 
shown by the 8 on page 231. errin 
first to Figs. 1, 2, and 3, F will be seen that 
the body of the vehicle is divided into three main 
compartments, with two smaller compartments, 
each fitted up as a lavatory and water-closet. Two 
of the compartments marked A and B in the plan, 
Fig. 3, communicate with each other by the door a, 
while the other door 4 gives access to the lavatory 2. 
The other lavatory 1 communicates by another door 
6 with the end compartment C only, it being in- 
tended that this compartment shall be reserved for 
ladies, or that it shall be let as an independent com- 
ponent to invalids, &c, The door a can be 
astened at will by a fastening on the side next the 
compartment A, or it can be ee a 
key carried by the guard of the train. As be 
seen from the plan Fig. 3, each of the end com- 
partments is seated. for seven passengers, and 
the central com for six passengers, the 

twenty in all, and the 


number carried bein 
ted to meet conveniently 
traffic lines 





these are not -the gauge of the value of the line. 





many requirements of 


arrangement is one 
passenger on: 
running long distances. The framing of the-body 
















230 


ENGINEERING. 


[Marcu 21, 1879. 





SALOON 





.. ecedll adigesksdaqaep wines 


is of teak, 





and the principal dimensions are as 


follow : 

Total all 4 08 
‘0 over wee “a ce 10. 
ee oe SS ee 
om ight ,, at centre “ 7 44 

each compartment inside... 6 11.8 

Wi ” ” a 8 5.4 

Height ” ” at 
centre ... on ese 4 6 9.1 

Clear height of side doors pl 6 42 
” i ’ , eee o 2 0.8 
»» height of inside doors ... a 6 24 
” width ’ ” 1 9.6 

Length of each lavatory 4 22 

Width _,, : ae 

As will be seen from the end view, Fig. 2, the 


“ fall under” of the body is far less than with 
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stock generally, and to give better 
the bottom of the doors 
are into the bottom sides of the body, 
the joint being made _ with thick layers of cloth 
to avoid draught. The door pillars are furnished 
with finger guards on the hinge side, To avoid 
noise the window frames are covered with velvet, 
and the internal doors close against cloth, while 
india-rubber cushion springs are interposed between 
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the body and the underframe. 
is lit by two lamps. 

The underframe is of iron, and its construction is 
shown clearly by Figs. 4 and 5 on the opposite 

e. The frame is 24 ft. 8 in. long over headstocks 
and 5 ft. 11.1 in: wide between soles, these latter, 
as well as the headstocks, being 9.84 in. by 3.15 in. 
by 0.39 in. channel iron. The intermediate trans- 
verse bearers are of angle-iron 5.3 in. by 2.36 in. 
by 0.275 in., while the diagonals, which extend 
from headstock to headstock above the trans- 
verse bearers, are also of angle-iron 3.74in. by 
2.36 in. by 0.31 in. The soles, headstocks, trans- 
verse bearers, and diagonals are well connected by 
gusset plates as shown, and the weight of the 
frames exclusive of springs, buffers, drawbars, safety 
chains, wheels, and axle-boxes is 2 tons 6 cwt. 

The buffers, which are placed at 5 ft. 7.7 in. 
centres and ata height of 3 ft. 7.3 in. above rails 
when the vehicle is empty, project 1ft. 10 in. beyond 
the headstocks and have a stroke of 10.24in. The 
buffer spriogs deflect 3.54in. per ton and weigh 213 lb. 

; they were fixed with an initial compression of 
2.4tons. The drawbarsare notcontinuous, there being 
a short drawbar with an independent spring at each 
end. These springs have a span of 2 ft. 7.5 in. and 
a stroke of 2in., while they deflect 0.7 in. per ton. 
They are fixed with an initial compression of 2 tons, 
and weigh 49 lb. each. 

The carriage is mounted on four wheels, these 
being 3 ft. 7.3in. in diameter, and placed at a wheel 
base of 14 ft. 9.2 in. The wheels have iron centres, 
eet ay between the spokes being fitted in with 
Ww on Brunon’s system, to reduce the noise. An 
enlarged section of one of these wheels, showing the 
form of the boss and the mode of fixing the wood 
filling, is shown by Fig. 6 annexed. The axles have 
bearings 7.87 in. long by 3.94 in. in diameter and 
6 ft. 3 in. apart from centre to centre. The weight 
of an axle mounted with a pair of wheels is about 
2156 Ib. 

The bearing springs are 6 ft. 9.5 in. long and 
consist each of twelve plates 3.54 in. wide by 
0.433 in. thick. The weight of each spring is 255 lb., 
and the deflection is 3.35 in. per ton. e weight 
of the whole carriage empty is about 9 tons 4 cwt., 
or about 9.2 cwt. per passenger carried. 

The other carriage which was exhibited by the 
Southern Selene: teneenr was a first-class car- 
riage with two compartments carrying six passengers 
each, and two coupés with three seats each, the total 
number of ngers accommodated being thus 
eighteen, and the vehicle being a very roomy and 
comfortable one. The underframe in this case was 


Each compartment 





of wood, and the carriage was mounted on four 
steel disc wheels. 

In addition to the carriages above referred to, 
there were also exhibited at Paris a guard’s van 
anda platform truck for the Southern Railway, these 
vehicles having been made at the Ateliers de La- 
bouheyre et de Dax (Landes) and both being shown 
in the annexes on the Trocadéro side of the Seine. 
The guard’s van had a body with outside framing, and 
a wooden underframe, while like the first-class 
carriage last referred to, it was mounted oa four 
steel disc wheels. It was intended for a maximum 
load of five tons, and had no special features re- 
quiring description here. The platform wagon, 
which was intended for a 10-ton load, was also 
without special points requiring notice, it being of 
an ordinary type and of good plain workmanship. 


LITERATURE. 


Hand-Book of Patent Law of all Countries. B 
Wruu1am P. Toompson, C.E. London: Stevens an 


Sons. “ 
Tuis is a little book, by a provincial patent agent, 
which in many respects resembles a number of books 
already well known, including those written re- 
spectively by Fraser, Johnson, et ow Carpmael, 
and “A. V. N.” They were published years ago, 
whereas the book now before us is a recent one, the 
preface, being dated 22nd of June, 1878. We are, 
therefore, rather surprised not to have found in it 
any notification of an important change in English 

ractice, which was to come into operation nine days 

ter, and of which notice had n given in the 
“Commissioners of Patents’ Journal” as far back as 
the 21st of May last. Weallude to the requirement 
that the law officer's warrant and letters patent shall 
be ordered twenty-one days before the expiration of 
the six months’ provisional protection, instead of 
‘not later than fourteen days before the expiration 
of the provisional protection,” as stated in the work. 
We should have thought so important a change 
worthy of mention in the preface, written as it was 
at a time when it was well known the change 
had been determined upon. Notwithstanding the 
variety of information it contains, which may be 
useful, we are not able to express unqualified 
admiration of this ae = oe oman = in ee 
parts, to partake rather of the r of a pa 
agent's circular. In the preface, after being told 
that ‘the costs of securing patents are inserted in 
each case. These are only approximate, being the 
average charges usually made in the profession, and 
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themselves as well as the men who do the actual 
work, 

“2. The great majority of the profession, whose 
prices are approximately the same as those quoted in 
this work, good reasonable charges and no more. 

‘¢3. Anumber of individuals or ‘ companies’ of no 
reputation or standing, who, unable to secure busi- 
ness by legitimate means, send round circulars to 
every inventor whose name appears in the patent 
lists, offering to complete his patent at little more 
than the actual cash prices of the stamps and Govern- 
ment fees, and who, when they have snared an 
unwary inventor into their net, let him find out, 
when too late, their real character. Frequently 
these individuals reside on the Continent beyond 
the reach of English law, having irresponsible agents 
only in London, to forward the letters and fees sent 
to their English addresses,” 

Now, whatever may be the justice of what is here 
said respecting the so-called “3rd” class, we cannot 
too strongly express our disapproval of remarks 
such as those under the first head. To begin with, 
we do not understand what can be meant by any 
one now charging ‘the tremendous prices” asked 
4‘ thirty years ago,” seeing that our patent laws and 
those of many other countries (and with the laws 
the charges) have materially changed within the 
last thirty years. If it comes to a question of charges, 
we think we could point out more than one quota- 
tion in the work under notice higher than those of 
some well-known practitioners ; but we may remind 
our author (seeing he carefully tells us he is himself 
a patent agent) that “the tremendous charges of 
other agents” is the recognised advertising cry of 
the so-called ‘‘ cheap agents” his book so strongly 
condemns. In the next place, we are quite at a loss 
to imagine against what firms such a statement as 
his could be properly directed by any one conver- 
sant with the facts. It is true there are several old- 
established firms enjoying high reputations; it is 
equally true that the founders of some of these firms 
are dead, but their successors are men of known 
probity, skill, and experience, who were actively 
engaged in the conduct of the same businesses 
during the lives of the founders, and whose charges 
do vot differ materially, if at all, from (and are cer- 
tainly not higher than) the charges of some other 
practitioners who have attained eminence in the 
profession as the result of their own skill and 
ability, and who practise in their own names. 

The information as to British patents is, for the 
most part, of the general character to be found in 
other books, including those already referred to, two 
of which (Carpmael’s and A. V. N.’s) deal only 
with British patent law. 

On page 58 we discover ‘another injustice to 
Ireland,” that country being named thus: “ Ireland, 
see Great Britain,” under the head ‘“ Foreign Patent 
Laws.’ It is rather difficult to conceive what class 
of reader this is intended for. Under the same head 
are also short references to a number of colonial and 
foreign laws, and more lengthy notices of the laws 
of Austria and Hungary, Belgium, Canada, France, 
and Algeria, Germany, India, Italy, Russia, the 
United States, and other countries. 

Modes of procedure in the case of actions for in- 
fringements, or in opposition, are not set forth; 
“as in such cases, the patentee must be governed 
by his’solicitor ;” the official details to be observed 
in each country for obtaining patents are also 
omitted ; ‘‘ these being solely interesting to patent 
agents.” 





MINE VENTILATORS, 
To TH Eprror or ENGINEERING. 

S1r,—At last your readers are treated to something 
“reliable” in the shape of two sets of experiments fur- 
nished by the uwners of a pit which is partially ventilated 
by a (so-called) ‘* Leeds’’ fan. These experiments are 
evidently taken from (as they correspond exactly with some 
— in} circular issued by the makers of the said fan. 

r. Ackroyd does not state how many underground boiler 
fires were on at the time the experiments were made, and as 
I have heard of the issuing smoke at his pit being so dense 
that it was difficult to record the tine or read the anemo- 
meter in the fan drift, some of the absurd results he gives 


may be due to the furnaces ; for it is imp to r 





the varying percentages given without either bringing in 
some extraordinary hypothesis, or elise directly im ing 
the accuracy of the experimenters. In the first place one 

auge) 


_ of experimenters get (with the same water 
,»317 cubic feet of air more at 44 than at 45 revolutions 
Now under the same conditions of working 


per minute! 


ventilators, the velocities (or what is the same thing, the 
quantities) of air divided by the square root of the water 
geuge should be constant for all speeds of the fan. Testing 
the nine experiments quoted by Mr. Ackroyd by this process, 
the numbers that ought to be constant (within practical 
limits) are, instead of being equal, respectively 136,171, 





143,417, 146,658, 153,008, 163,418, 137,062, 155,439, 155,410, 
158,072. It is not the object of this letter to defend Mr. 
Chatto, but before Mr. Ackroyd writes in such severe 
terms to condemn others, he should at least be prepared 
with something more trustworthy than what he has brought 
forward in your issue of the 14th. Perhaps Mr. Ackroyd 
will give the anemometer velocities, the kind of instrument 
used, the corrections made for the friction of the anemo- 
meter, the shape of the drift, und the number and position 
of the places in which the air measurements were taken? 
I have experimented with most of the forms of ventilators 
in use, besides possessing the results of carefully made ex- 
riments of several friends in charge of mechanical venti- 
Tato , and have never met with Guibal fans that gave more 
than 50 or 52 per cent. of useful effect: it is scarcely 
ible for the *‘ Leeds’’ fan to give as good results as the 
uibal ; but perhaps the presence of two of Her Majesty’s 
inspectors at the top of the upcast may have increased the 
volume of air delivered by the “‘ Leeds” fan at Morley 

Main. Yours truly, 

Uservut Errect. 





To THE EprIToR oFr ENGINEERING. 

Srz,—The letter from Morley Main Collieries in your 
last week’s impression fortunately contains within itself 
intrinsic evidence of its real value, as in the columns for 
water gauge given in the table of experiments made by 
Messrs. F and P. Higson— taking each experiment 
seriatim—and the work done being admittedly that shown 
by the pressure on the mine, the water gauge for the mine 
should be used in calculation, and we have, first, the horse 

wer in air instead of 31.8 horse power, which is taken 

rom the water gauge at surface (meaning at the fan 
centre), 15.5 nearly, which males the fraction of efficiency 
30.1 per cent., not 61.7. Secondly, instead of 45.74, 22.39 
is the correct horse power in air, which reduces the fraction 
of efficiency to less than 30 per cent. not 59}. Thirdly, in- 
stead of 65.3, 37.0 is the correct horse power in air, 
which redaces the efficiency to 35.57 per cent. not 62.8. 
Fourthly. In this case we are only favoured with two read- 
ings for the mine, but proceeding with them in the same 
manner we have instead of 100.9, 54.33 for the correct horse 
power in air (assuming for the sake of argument the state- 
ment of quantity to be correct), which reduces the efficiency 
to 38 per cent. not 704, the latter a respectable performance. 
But the extensive practice of Messrs. Higson had made 
them aware how important it was for engineers to know 
the water gauge of the mine, otherwise the writer might 
have been misled among the rest. Numerous are the cases 
known to the writer where the efficiency of the Guibal fan 
is 39 or 40 per cent., when the same criterion is made use 
of, the result given at the centre of the fan being about 45 
per cent. 

The lower experiments only verify those of Messrs Hig- 
son in some respects, but are sufficient to show that the 
surface water gauges and quantities in one set of experi- 
ments corresponded fairly with the quantities and water- 
gauges in the other. 

This artificial water-gauge is what leads to the wide 
divergence of apparent results in ventilating efficiency, 
and it is high time that the resistance of the air in the 
passages of the mine and shafts should alone be taken note 
of, so as to avoid the startling deception of ourselves and 
others apparent in Wm. Ackroyd’s letter. 

ONE OF THE EIGHT. 





To THE EDITOR OF ENGINEERING. 

Srr,—I am afraid your correspondent ‘‘One of Three”’ 
will tire of reading replies to his first letter, no one, appa- 
rently, being able toanswer his simple inquiry—How to 
compare one mine ventilator with another? The question 
in all its bearings is not easily answered, and I do not write 
with the intention of answering it, but to point out a serious 
mistake in the method of estimating the useful effect of 
some of the best known centrifugal ventilators. Your last 
number contains a table showing the performance of a 
** Leeds’”’ fan, and repeating the error to which I wish to 
call attention. 

In calculating the useful effect of a ventilator, the power 
represented by the weight of air discharged, the head cor- 
responding to the water-gauge pressure is divided by the 
indicated power of the engine. So far all is right, but in 
all the experiments I have before me, including those given 
in the Table named above, the water gauge pressure used 
for this calculation is that measured in the fan casing. 
Now a gauge fixed in the fan case registers not only the 
resistance of the mine, but the resistance of the ventilator 
also; therefore, if the true useful effect is to be got at, the 
gauge must be placed at the top of the upcast shaft, and at 
some little distance from the ventilator. A gauge fixed 
thus will register the true resistance of the mine. Some of 

our readers will probably think it is quite a fair thing to 
oon their calculations on the highest water-gauge pressure 
they can find, anywhere, in afan. I, for one, cannot see 
that the high internal resistance of a badly designed ven- 
tilator should be taken into account as “‘ useful effect.’’ In 
the case of furnace ventilation, only the resistance of the 
mine can be, and is, taken into account. 

A few figures taken from the Table in your last week’s 
issue will show my meaning clearly ; and I take this Table 
simply because all your readers will have it before them. 
The first experiment shows that the indicated horse power 
is 51.5; quantity of air discha 155,000 cube feet ; 
water-gauge pressure, 1.3 in.; useful effect, 61.7 per cent. 
at least, so says the Table. The resistance of the three 
mines are given as 0.8, 0.5, 0.6 in. water-gauge, but as I 
do not know the quantity of air passing through each 
mine separately I will give the fan the benefit of the doubt, 
and say the average resistance of the mines is 0.8 in. Now, 
I — ay = we — effect of = = is not 61.7 
per cent., but 61.7x 8—-13= recent. Inthe remaining 
experiments the efficiency should be stated to be 





40 per cent. instead of 59.5 per cent. 
47 ”? ” 62 8 


> »_ 70.5 
Yours truly, 
Sheffield, March 19, 1879. Casnuus Davy. 


P = + prance OF Dmg mary 

1z,—In your impression, Wm. Ackroyd and Bros. 
state that if the other results given by me are no more 
reliable than those given of the “ Leeds fan,” they are 
of no value at all. In this I beg to differ, and so far 
as their fan is concerned I will prove that the result men- 
tioned by me is correct, while the elaborate tables sent by 
them afford no comparison whatever for the efficiency of 


go further, I wish to call 
ore pi i er, I wish to attention to the 
fact that the velocity of the air in different parts of the 
section of the drift varies considerably, the true result, 
therefore, can only be arrived at by taking a number of 
anemometer readings in that section; care should also be 
taken not to partly block up the air course by having 
armel pers Bag .* lay of the ype pe 
e . e follo are the i of 
the result of the Leeds fan sanatianel by me. <a 
The anemometer used was a Casella, and the readings 
were taken in seven different positions of the section of 
the drift, each reading being corrected by the formula 


for friction, viz., 7 (. 94 R?4-99,210). 
Veloci 





Anemometer ity of 
Revolutions. le 
1302 1301 
1210 1214 
1095 1107 
973 994 
972 993 
870 900 
822 857 
1034 average 1052 average 
Diameter of fan... oe ove . «= 40 fit 
Width of fan ina ave wes see 10 ,, 
Diameter of engine cylinder esd eve 24 in. 
Stroke of engine ... oe me eee 54 ,, 
Number of cylinders oon ee “se 1 
Revolutions of fan per minute ... eae 36 
Mean revolutions of anemometer per 
minute... coe seo ona Se 1034 
Mean velocity of air infeet per minute 1052 
Area of drift eee oe ove P 113.5 ft. 
Water gauge ove ive eee eee 13 in. 
Mean effective steam pressure per square 


inch from a= ies ee 14.62 Ib. 
The effective horse power of the air will, therefore, be : 
113.5 x 1052 x 1.35.2 24.45 





33. 
Hence the effective horse power utilised per cent. is : 
24.45 100=37.6. 


Referring now to the table of experiments sent by Wm. 
Ackroyd and Brothers, it will be seen that the height of 
water gauge is the same, and that the number of revolutions 
per minute is one less than the above, also that the readings 
of theanemometer were taken in an area of 113.5 and 95 
square feet respectively. In the first case the maximum 
velocity of the air was 1301, the velocity due to the smaller 
area will, therefore, be as 95: 113.5: : 1301 *.* 1554, and as 
the quantity stated in the Table is : 

Sino 
this ‘gives then a difference of (1634—1554)=8)° cubic 
feet of air per minute in my favour. Therefore, if the re- 
sults mentioned by me had been calculated on this basis, 
viz. (on the maximum instead of the mean velocity,of the 
air — section of the drift), the results would have been 
as follows : 


Cooke ee 90.8 
Guibal ° ove 69.4 
Waddle eve és 46.6 
Rimmell ° 46.7 
tt on ke ss nda 46.6 | 
Referring to the Table. As the boiler pressure is given 


instead of the pressure on the piston, it is impossible to 
check the high pressure. Taking, therefore, the horse 
power given to be correct, we have 
, 155,235 x 1.3 x 5.2_91 8, 
33,000 
Then, 
ae x 100=67.7, 


51. 
this being the same as given in the Table. 

From the above det it is thus clearly shown that to 
arrive at a just comparison the mean velocity of the air in 
the area of the drift should be taken. In reply to ‘‘X,” I 
may mention that the Cooke ventilator is on the duplicate 
principle, and one-half of the machinery can be put to work 
the mine if required at a few minutes’ notice. 


Yours truly, 
March 19, 1879. 


JoHN CHATTO. 
To THE EpIToR oF ENGINEERING. _ 

S1z,—I notice the communication One s 

Three’ in the 14th of February number of your valu 
paper, and as your correspondent seems to have knowledge 
of eight mine ventilators I should be pleased to show _ 
lans of the ninth ventilator, which su any of the 
ist of he has mentioned, both in economy of first 


the eight 
i make them of such 
cost and cost of running. We do not e the 


fan of special 








at higher speeds. e 
d improved ction exhausts the air from the mine, 
pone jm we fan receives this air so exhausted 
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it to the atmosphere, or other place as circumstances require. 
Both fans are on one and the same shaft and enclosed in the 
same case, making as far as outside appearance is concerned 
one exhauster ; there being two bearings the same as the 
common fan. We attach a special construction horizontal 
engine directly to the fan shaft, and speed the engine 150 
revolutions (the fan consequently making the same number 
of revolutions). This construction of engine has shown by 
actual test with jet condenser, water per indicated horse 

wer per hour 16.327, coal per indicated horse power per 
er 1.814; we admit that the American coal used in thi 
trial is not as good as the grades of English coal used at 
trials. I am anxious to erect one of these mine ventilators 
and engines attached in England, believing they would show 
more economical results than any now running, they being 
certainly more economical in first cost; even after the 
expense of delivery is added to the price of home produc- 
tion. 

I remain very truly yours, 
GARDNER C, HAWKINS. 
140, Congress-street, Boston, March 3, 1879. 





To THE EDITOR oF ENGINEERING. 

S1m,—I may state for the information of ‘‘ X.,’? whose 
letter appears in your last issue, as well as for that of others 
who may be interested, that my system of working two fans 
onone upcast shaft applies to all forms and descriptions of 
fans that are fitted with separate driving apparatus, and so 
arranged with air doors, &c., as to allow either fan to be 
stop without stopping the other, and my firm is pre- 
sently ¢ constructing under my patent, duplex 
Guibal and Scheile fans, as also other forms of fans be- 
sides that illustrated in your issus of the 28th ult. 

I am respectfully, 
G STEVENSON. 


RAHAM 
Airdrie Engine Works, Airdrie, March 18, 1879. 





TRACTION ENGINE DESIGN. 
To THE EDITOR oF ENGINEERING. 
S1r,—It is very evident that the traction engine is ra- 


pidly superseding the portable engine in every county in 
England, and is destined to be the farmer’s engine of the 
future. 


Up to quite a recent date the trade in these engines was 
monopolised by three or four firms, but during the last two 
or three years, on account of the increased demand, several 
makers of portable engines have embarked in the traction 
business, and if competition will bring about the improve- 
ments in this branch that it has effected in some others, we 
may soon expect the traction engine to reach a high state 
of perfection, for we are continually hearing new names 
mentioned as being makers of traction engines, and among 
the new beginners one or two bid fair to leave in the rear 
some of those who have been en d in this trade for 
many years. They have (to their credit be it said) rectified 
several faults in detail of the older firms, and have made an 
uncommonly successful start. 

Seeing that traction engines are intended to be used for 
such a variety of purposes, and subjected to such a di- 
versity of trying circumstances, in order to make them 
answer their purpose to the satisfaction of the owner and 
the comfort of the driver, it is of paramount importance 
that every detail should be carefully considered, and those 
who aim at perfection must recognise the importance of 
ey seemingly trifling thing, and deal with it accord- 
ingly. 

Michael Angelo’s words are as applicable to our pursuit 
as they were to his own; he urges us to “‘ recollect that 
trifles make perfection, and perfection is no trifle.’’ 

By your kind permission, Mr. Editor, I wishto make a 
few observations on the design of modern traction engines, 
taking as our examples the engines exhibited at the recent 
Smithfield Show, representing as they did the best practice 
of the best makers. 

To a superficial observer the majority of the ergines at 
the Show would present a very similar appearance—the 
— being placed at the chimney end of the boiler, and 
the box brackets for carrying the crankshaft of almost 
precisely the same construction at the opposite end, the 
position of the driving axle in relation to the boiler, the 
gearing, the steerage arrangement, the tender, and many 
otker details having very great resemblance in design. 

Any extensive deviation from the beaten track as regards 
the outline cannot be recommended; placing the engine under 
the boiler, driving by coupling rods, and other unusual 
arrangements may serve very well as novelties for shows 
but in practice r Be are disappointments: the standar 

ractice having been thoroughly tested, I should urge new 
ginners to adhere to it in the main, but seek to improve 
on it in detail, for which there is ample room ; the faults of 
previous designs which have been copied over and over 
again should be remedied, for there is a splendid field for a 
bit of really good designing, and if the would-be traction 
makers fail to see where these improvements are needed 
they are incompetent to design engines at all, and they are 
sure to copy good and bad indiscriminately. 

To copy perfect models without a knowledge of the 
principle is a risk, but to copy such models as are mostly 
available either with or without the knowledge is a sure 
forerunner of misfortune. 

I have mentioned that any great departure in the general 
arrangement of the engine from those used by our leadin 

cannot be recommended, because the present standard 
form of engine has not been arrived at by chance, but by 
@ succession of alterations suggested by the failures of the 
multifarious details in practice, ‘‘ these principal proportions 
are the own of long and careful experience and laborious 

riment.”” 

““While this is true with reference to the arrange- 
ment (and all the leading engines are much alike), yet, as 
& rule, the details are very similar in form, and exhibit 
little originality, the timidity evinced by designers to leave 





the ordinary groove, and their fear to alter or remodel 
the external shape of the parts appears to be absurd. 


Looking at the traction engines collectively, there is very | link f 


little evidence of care having been bestowed on their ar- 
rangement to secure a symmetrical appearance; with 
regard to some, they can scarcely boast of ery J been 
designed at all. The drawings have been pushed through 
the drawing office, worked out to the that-will-do standard, 
and sent out in a most incomplete state, and I should 
judge by the cranked and twisted rods, curiously bent 
ipes, and the distorted details generally, that most of the 
designing has been done in the erecting shop. No trace of 
neatness has been secured, it is most likely it was not 
thought about, much less aimed at, or else the engines 
could never have presented their present disproportionate 
and ugly appearance. 

I am aware that to criticise the external appearance of 
the engines is a delicate undertaking, for scarcely two en- 
gineers hold similar views with reference to this subject ; 
hence, if one person names an engine as being partionlast 
neat, another is almost sure to take exception to it, an 
— fail to see anything about the engine deserving such a 

itle. 

It looks nice is as often the expression used to convey an 
idea of the outside effect of an ugly engine as itis of a 
beautiful one; it is very evident that tastes differ 
amazingly to account for some having the audacity to 
speak of their productions as being the “‘ neatest in design;’’ 
we have only to read some of our advertisements to find 
several vile productions termed the ‘‘ best in design.”’ 

It is most humiliating to be obliged to confess that with 
many engineers pretty paint, fine lining, and two coats of 
varnish will hide a multitude of sins, and the ugliest engine 
ever turned out when got up in this fashion, with a few 
highly-polished and deeply-scratched parts, nose 
caps on the road wheels, and gilded lagging bands is far 
more likely to be considered nice looking, than a really 
well-designed and symmetrical engine is, if lacking this 
glitter and colour. Paint-pot finery is often freely used to 


make up for deficiences in design and wor nship ; it is, 
however, a pitable state of affairs when an engine has 
nothing to recommend it but its paint and surface finish ; at 


the best it is only a gaudy show, and too often it is a 
glittering snare, but fortunately no amount of paint will 
screen a badly proportioned or unsightly detail from the 
gaze of a well-trained designer. 

Very few of our traction engine designers pay any atten- 
tion to secure comeliness of exterior, hence not two engines 
in the Agricultural Hall were distinguished by that neat- 
ness of appearance and simplicity, which so manifestly 
characterises our best English locomotives when compared 
with their Continental contemporaries, or especially when 
compared with i locomotives, which are con- 
sidered ‘* rather poor taste as regards style and appear- 
ance.’ 


Now it is just as easy to design a neat-looking engine as 
an ugly one after the eye has been trained to appreciate 
the beautiful in machinery, but, alas, so few people can 
appreciate a good design, the common impression enter- 
tained respecting beauty is that it is something added to 
the useful part by way of embellis some ornamental 
shams having Oo to do with the utility of the engine, 
while others imagine that to secure neatness of appearance 
it is essential that the details should resemble something 
ir of fluted columns 


quite foreign to engi ing, either a 
with capitals comgieht, or be cast wit Ss and mould- 
ings, &c. ; we have not far to look for illustrations of this 
abominable style ; it must be distinctly understood that all 
architectural imitations are very much out of place on an 
engine. The beauty of design I refer to, and which I should 
rejoice to see becoming far more general, is of an entirely 
different character. 

It consists of the best principles worked out in the very 
best and neatest way, every detail handled thoroughly and 
conscientiously, so that the whole shall have the highest 
efficiency combined with excellent simplicity. 

Whenever persevering effort has been bestowed in the 
drawing office to secure a symmetrical arrangement of well- 

roportioned and _ beautifully formed details, this extra care 
is sure to be seen and appreciated by many, and the sight 
cannot fail to afford mental enjoyment to those who are in 
search of good designing. 

It must be remembered that eve: 
office scamp can also be quickly detected, and as surely 

roduces most unpleasant mental feelings ; careless design- 
ing is generally combined with most ordinary workmanship, 
for carelessness and worthlessness go hand in hand. “ Ex- 
cellence of any sort is invariably p beyond the reach 
of indolence.”’ 

On our traction engines, in the place of polished pump 
pipes, and bright chimney tops, brass lagging bands, and 
electro-plated ornaments, we want more thoroughness in 
design, and fewer indications of haste; the perfection of 
the design should indicate the quality of the workmanship, 
for when the design is devoid of fault we need have no mis- 
givings respecting the quality of the workmanship. 

On most of the engines there are some details that are 
perfectly satisfuctory, but how few of the engines possess 
many things that may be considered meritorious, and none 
being in all particulars equal to our ideal, the general 
appearance of the best engine is often spoilt by a few 

ly proportioned and ill-shaped details, the principal 
parts being fairly worked out, while the little things un- 
mistakably reveal haste. There-are engines that abound 
in mechanical abortions which merit the utmost censure. 

Having offered the foregoing remarks on the design of 
the engines in general, I will briefly criticise a few of the 
details on some of them in particular. ; 

The Reversing Gear on nearly all the engines could be 
greatly improved by having a little more material ang into 
the various parts, some being much too light; the joint 


indication of drawing 


ins should not be less than'lin. in diameter for eight- 
engines, or they will become a nuisance by repeatedly 





getting out of repair. Messrs. Clayton and Shuttleworth 
are about the only firm who still suspend the expansion 
« from one side alone, all the rest of the makers lifting 
theirs from both sides. 

Stop Valve Gear.—Messrs. Aveling and Porter continue 
to carry the stop valve spindle 6in. or 7in. below the 
centre line of the cylinder, close to the boiler barrel, while 
the stop valve is 8in. or 9in. above the centre line near 
the top of the cylinder, the connexion having to be made 
by a lever between the two, thus introducing five pins and 
joints to do badly what three would do far more perfectly, 
if the rod were carried in a line with the stop valve on the 
top of the engine. I regret to say that three or four firms 
have on their engines faithfully reproduced this objection- 
able arrangement. 

The Governors on the engines of the oldest makers are 
of the slow movement type with heavy and no 
counterpoise, those on Messrs. Fowler’s high-wheel engine, 
judging by the length of the arms, &c., are of perthowlaniy 
slow movement ; they have a bry 3 patriarchal appearance 
and might have been designed by James Watt himself; 
there is a wide difference in the size of these governors 
compared with Messrs. Robey’s, who go to the other ex- 
treme ; those supplied on their newly designed traction 
engine are very small indeed, looking like a mere toy ; unless 
they are very tenderly handled they will be useless. 

any of the trumpery little high-speed governors 20 
much used at the present time, are not nearly powerful 
poe 4 to overcome the friction of the throttle valve 
- e in the gland packing if it happens to be screwed 

own pretty tightly, and they are also very liable to be 
rendered useless by other trifling causes. The low-speed 
governors are too sluggish in their movements, they are 
gradually falling into disuse. 

The best governor for the pi is a medium between 
Messrs. Fowler’s and Messrs. Robey’s in dimensions, of 
the moderately high-speed weighted type ; if carefully pro- 
portioned it will give very results. 

The connexions between the governors and the throttle 
valve on most of the engines are particularly unmechanical 
and of the most flimsy description, mostly consisting of two 
or more ugly levers of different lengths and a twisted rod 
or two, thus introducing four or five small joints and 
pins, so admirably adapted for being a constant source of 
annoyance. 

By simply coupling the governor fork direct on to the 
throttle valve spindle which is extended to the governor 
stand, like Messrs. Fowler’s and others, all these pins and 
joints are avoided. 

The throttle valve spindle and its fittings are ridiculously 
light compared with the proportions of the governor on 
nearly all the engines ; some firms still retain the #in..in 
diameter throttle valve spindle that was used almost uni- 
versally fifteen years ago on portable engines, but which 
should be abandoned on traction engines, ing room for 
one twice that diameter. 

Crankshaft Brackets.—All the engines were fitted with 
square box brackets made of wrought-iron plates having the 
carriages bolted to the sides, except Messrs. Clayton and 
Shuttleworth and Mr. Savage, who still use cast-iron ones ; 
the first mentioned present a massive but not handsome a 
pearance, while those of the latter firm are particularly light 
and decidedly ugly ; I am not surprised that neither of these 
brackets have been copied by other makers. The gearing 
and fly-wheel on the crankshaft of Messrs. Robey’s engine 
are very much overhung in spite of all that recently 
been said about ‘‘ atmospheric’ bearings. The leading 
wheels of Messrs. Ransome’s engine are exceedingly narrow, 
being 2in. or 3in. less than the usual width given by 
other makers. 

Messrs. Brown and May showed their regard for Messrs. 
Clayton and Shuttleworth’s funnel over the safety valve at 
the firebox end by adopting it on their engines; om shoald 
also have taken advan’ of their copying privilege and 
reproduced the antiquated-lodking chimney likewise, as the 
tops of the two are made to correspond in design. The 
piston rod, slide valve spindle, and stop valve spindle on 
nearly all the engines are too small in diameter; the glands 
have to be packed every day, otherwise the steam will be 
blowing through to the annoyance of everybody concerned. 
Some makers utilise their portable engine details very 
freely on their traction engines, and where the portables 
are strongly proportioned they answer very well, but too 
often the parts are too light for 60 lb. pressure and are a 
perpetual nuisance when used for twice the pressure. 

It may be advanced that the details I have pointed out as 
being faulty in design, work moderately well in practice, 
which is granted, but we must not rest satisfied with any- 
thing short of the highest efficiency, but must keep aiming 
at perfect success until it is attained. i 

otwithstanding the improvements made in our engines 
during the last three or four years, there is still ample 
room for much more improvement in the Little things. 
The merits of our traction engines, whether real or im- 
aginary, are often referred to and loudly proclaimed, but 
their demerits are either entirely overlooked or passed 
over without comment ; those who write the articles respect- 
ing our engines are 

To their virtues very kind, 
To their faults a little blind. 

Our object has been to point out a few of the weaknesses, 
so that those who are entrusted with the design may remedy 
them. Trusting that the remarks may in some degree tend 
to their improvement, and also to their efficiency, 

I am, Sir, yours truly, 
WiLuiaM FLETCHER. 





Errata: Tae Enoines or THE Yacut “Isa.’’—In 
the description of the yacht Isu on 195 of our issue of 
the 7th of March, ‘‘ twin 
“iron t.”? The diameter 


page : 
screw yacht’’ has been printed for 
i of intermediate cy- 





» BCrew - ws? : 
‘linder is 16in., not 15 in, as printed, 
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THE “ BABYHOOD OF MACHINERY.” 
To THs Eprror or ENGINEERING. 

S1r,—I —_— obliged if yor weed he eatae oe . 
mistake which appears in your te) e ure whic 
I gave at the South London Free Library. I did not, of 
course, say that ‘‘ continuous rotation was unknown until 
about the end of the seventeenth century,” but only re- 
ferred to what appears to be the fact that an alternate 
rotary motion (as with a bow drill) was used much earlier 
than a continuous rotation. The use of both extends back 
far beyond historic times. 

It may interest some of your readers to know—I do not 
remember seeing it noticed anywhere—that paddle wheels 
are among the contrivances shown in Ramelli’s wonderful 
collection (Diverse et Artificiose Machine) published in 1588, 
along with pumps, rotary and other, an tage lazy-ton 
bridges, and many other pieces of apparatus, possible an 
impossible. Plate 152 shows a kind of as omnibus, 
for crossing a river in face of an enemy, propelled by paddle 
wheels worked by a crank handle inside the vessel. 

I am, Sir, yours, 
Auex. B. W. KEnnEpyr. 

University College, London, March 17, 1879. 








INSTITUTION OF MECHANICAL 
ENGINEERS. 
To THE EpITor oF ENGINEERING. 

Srr,—I am instructed by the Research Committee of the 
Institation to bring to your notice the three subjects (as 
below) which they have selected for first investigation ; and 
to inquire whether you have any information, g on 
all or any of them, which you would be willing to com- 
municate, ¢g-, records ofi unpublished experiments, 
references to authorities on the question, copies of books or 
popers in which it is treated, &c. 

The Committee would be glad to receive such information 
in full detail, and at the earliest convenient date; and it 
will be suitably acknowledged in their report. 

ours truly, 
Water BR. Brownz, Secretary. 

10, Victoria Chambers, Victoria-street, Westminster. 

March, 1879. 

Subject A. The hardening, tempering, and annealing of 
steel. 

Subject B. The best form of rivetted joints to resist 
strain, in iron or steel, or in combination. 

Subject C. Friction at high velocities, specially with 
reference to friction of bearings and pivots, friction of 
brakes, &c. 


STEEL AND MALLEABLE IRON FROM 
PHOSPHORIC PIG IRON. 
To THE EDITOR OF ENGINEERING. 

Srr,—In the Times last week appeared a statement that 
Messrs. Bolckow, Vaughan and Co. had succeeded in de- 
phosphorising the Cleveland pig-iron, and had rendered it 
fit for the manufacture of steel by the Bessemer process. 
Possibly this may be so. 

An inventor has placed in my hands a process which pro- 
duces these results, as under : 

Pig-iron with 1.50 of phosphorus loses all but 0.005 by 
this process, and becomes strong, malleable, or soft iron, 
which can be rolled and forged, and which for most pur- 
poses requires no addition of pervs 

The new process can carried out in the ‘‘ converter’’ 
or otber suitable receiver, and involves no extra cost, while 
—~ common pig-iron can be employed in place of selected 

ematites. 





I am, Sir, yours respectfully, 
R. F. Musuer. 
Cheltenham, March 19, 1879. 





Tue INTERNATIONAL AGRICULTURAL EXHIBITION. — 
Intending exhibitors should notice the special announce- 
ment in our advertising columns, that entries of all classes 
of exhibits, other than live stock - farm produce, close 

‘0 


finally on April lst. Applications for space should be ad- 
dressed to the Secre of the Royal icultural Society, 
12, Hanover-square, W., and not to the ion House. 





A Fast Torpgpo Boat.—On Wednesday last the trial we | 


took place at Long Reach of the first-class torpedo boat 
recently constructed by Messrs. Yarrow and Co. for the 
Admiralty. Three runs were made with the tide and 
ae Cgunat it in the usual way, with the following 
res : 


Time. Knots per 


me no Hour. Knots. 
2 3 *% = 078 Mean of lst pair 21.35 
4 : 3S - ye Mean of 2nd pair 22.05 
é : 4 - 3) 45 ¢ Mean of Srd pair 22.23 


Mean of means calculated by the Agmiralty method 
_ 21.98 knots. 


presents the weight of torpedoes, gear, coals, &c. e 
steam pressure was 124 |b. throughout, and during the four 
first runs the engines were slightly linked up, which 
accounts for the last pair of rans giving the best result. It 
was found that at s of between 17 and 19 knots the 
vibration of the boat was considerable, but when running 
over 20 knots it pret A so much so, in fact, 
that it was quite possible to write legibly on the stern im- 


over the screw. It is interesting to note that this 

craft is precisely the same in dimensions, scantling, and 
displacement to those built for the ish Go- 
ials have given s varying 


WE give on.the. present and opposite pages engravings 
of a machine employed by the Eastern Railway Oom- 
of France for ascertaining the value of various 
lubricants, the particular machine illustrated being one 
which was exhibited by the company at Paris last year. 
Referring to Fig. 1 on the present page it will be seen 
that the testing apparatus consists of a horizontal iron 
disc A driven at a uniform speed and having bearing 
upon its upper surface, three gun-metal blocks ¢ ¢ t, fitted 
to a second disc B, this second disc being pressed down 
on that first tioned by of a lever R fitted 
with an adjustable weight. A small hand-worked lift- 
ing arrangement D enables the weighted lever R to be 
raised so that the upper disc B can be removed and the 
lubricating material to be tested spread over the surface 
of the disc A. 

When the arrangement just described is in operation it 
is evident that the disc A as it revolves will tend to drag 
the disc B round with it, the rotative force thus exerted 
depending upon the pressure exercised upon the disc B 
and upon the nature of the lubricating material between 
the two rubbing surfaces. By connecting the spring of a 
dynamomeier to the periphery of the disc B, the amount 
of work absorbed in friction during the time that a 





while the duration of the experiment being duly noted 
and the elevation of temperature registered, the data are 
obtained for forming @ practical estimate of the value 
of the lubricant trial. 





vernment, which on their 
from 18 to 19 knots. 





The dynamometrical apparatus consists of a weight X 





sample of lubricant is being used up can be ascertained, | 
i | ona spindle carrying a cylinder which forces the band 





-TESTING LUBRICANTS; EASTERN RAILWAY OF FRANCE. 








slung by a. band passing over a cam fixed on a hori- 
zontal spindle mounted on the frame F, the periphery of 
the ‘disc B being also connected to the cam just men- 
tioned, so that as the disc B is dragged round by disc A, 
the weight X is raised. Owing to the form of the cam, 
the weight X offers a constantly increasing resistance as 
it is lifted, and the amount by which the weight is raised 
is thus a measure of the force with which the disc B is 
dragged round, or, in other words, it is a measure of the 
friction between the disc A and the rubbing pieces ¢ ¢ ¢. 
The amount by which the weight X is raised is regis- 
tered as follows: The spindle on which the cam is fixed 
carries also a small pinion S, which engages with a rack 
actuating the style K, and thus gives to the latter a move- 
ment proportional to the force with which the disc B is 
dragged round. The style K (shown to a larger scale in 
Fig. 3, on the opposite page), is fitted with a spindle a 
provided with a fork carrying the small cutting roller 5, 
and this roller being pressed down on to a continuous 
band of paper H by the counterweights L, marks on the 
paper a curve, which forms a measure of the frictional 
grip between the discs A and B. : : 

The uniform movement of the paper H is obtained by 
means of a worm mounted on the driving shaft U of the 
machine, this worm gearing into a wormwheel V fixed 


of r against a second divided cylinder. This latter 
cy her receives a rotative movement by gear 80 pro- 
portioned that the stri per is advanced one milli- 
metre at each turn of A, while an inking apps- 


of 
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BAND SAWS FOR 


CUTTING DEALS. 


CONSTRUCTED BY MESSRS. W. FURNESS AND CO., ENGINEERS, LIVERPOOL. 





ratus G also driven by gearing enables the millimetre 
divisions to be printed on the band of paper as it passes. 
The time of an experiment is recorded by an electric 
clock I, which ‘makes a mark upon the band of paper 
every half-minute. 





plate r, and the one at the other of the contact points qq" 
and by so doing causes a current to traverse the coils of 


the one or the other of the eaene gg. The 
arrangement of the connexions will be readily understood 
from Fig. 2, from which it will be seen that the positive 














The uniform rotation of the disc A is secured by the 
use of a centrifugal governor acting through the ingenious 
electric arrangement explained by the diagram, Fig. 2, 
annexed. This arrangement acts as follows: The 
centrifugal governor J (which derives its motion from the 
driving shaft of the apparatus) acts by means of a lever 
upon the spring r (see Fig. 2), which oscillates between 
two contact points gq! placed a very small distance apart. 
According as the speed of the apparatus varies above or 
below that corresponding to the mean position of the 
governor, the latter establishes a contact between the 





pole of a single-cell Bunsen battery is connected to a shaft 
J on which the two electro-magnets are mounted, one end 
of the coils of each magnet being also connected to this 
shaft. The other, or negative, pole of the battery is con- 
nected to the spring r, and according as the governor 
rises or fallsit is thus brought into connexion with the con- 
tact points gand g' respectively. These pointe are in their 
turn connected by wires, one to each electro- . 
contact point g' being connected to the left-hand and ¢ to 


the right-hand chetrycmagnn’ or vice versd if the 
governor falls, the left-hand electro-magnet is brought 
into action. 
The shaft /,on which are mounted the two electro- 
magnets, also carries two loose pulleys d'd\ which are 
driven by belts from the pulleys dd on the main driving 
shaft of the apparatus, one of the belts being crossed and 
the other open, so that the loose pulleys d'd! are driven 
in opposite directions. On the central part of the shaft f 
a screw is cut, and a nut e fitted to this screw carries a 
fork acting on a belt connecting the two conical pulleys 
ec. The upper of these conical pulleys is fixed on a shaft 
which carries also a am: from which a belt is led off to 
the fast and loose pulleys M of the apparatus. The action 
of this speed-regulating gear will now be readily under- 
stood. In the event of the speed of the apparatus slacken- 
ing from any cause the left-hand electro-magnet is brought 
into action, and by its means the left-hand loose pulley d' 
is made to drive the shaft f in such a direction that the 
belt connecting the two conical pulleys cc is so shifted as 
to increase the speed given to the apparatus. In the 
event of the apparatus being driven too fast the reverse 
action of course takes place. This speed-governing ar- 
rangement is very sensitive, and it is found to control 
the speed well. 
Towards the end of an experiment, as the lubricant be- 
comes used up, the friction between the two discs A, B of 
course increases, and soon as it reaches an amount greater 
than is provided for by the resistance afforded by the 
weight x the disc B is carried round, and a stop on it 
comes into contact with the abutment R, the detent Q 
being at the same time operated upon, and the weighted 
lever P liberated, this lever in its fall moving the driving 
belt from the fast to the loose pulley, and so stopping 
the apparatus. 
The information respecting the quality of lubricants, 
which can be obtained by means of the apparatus we have 
been describing, is as follows: First, the curve drawn 
on the travelling paper indicates by its greater or less 
regularity the general behaviour of the lubricant during 
the experiment, while it also affords a measure of the co- 
efficient of friction. The diagram also indicates the du- 
ration of the experiment. Secondly, the residue left 
upon the surface of the disc A assists by its appearance, 
the deductions regarding the value of the lubricant, 
which may be drawn from ananalysis of the latter ; and, 
thirdly, a thermometer immersed in a small vessel contain- 
ing mercury, and placed directly on the disc B, gives the 
increase of aps nea during the experiment, From 
the data thus obtained an opinion of the relative prac- 
tical values of different lubricants can readily be drawn. 
he apparatus we have described was constructed at 
the works of the Eastern Railway Company in 1867, and 
it has since that time been in regular use in the 
—— laboratory of the company and has done good 
service, 





FURNESS’S BAND SAW. 

We annex an illustration of a band saw for cutting 
deals, now being manufactured by Messrs. W. Furness 
and Co., of Liverpool. This machine, which works at 
speeds ranging from 10 ft. to 20 ft. per minute, has a feed 
formed of two pairs of geared rollers, two being smooth 
and two fluted, the set being driven from underneath so 
as not to interfere with the working of the machine. The 
rollers are capable of adjustment for different thicknesses 
of boards, the outer pair being kept up to their work by 
balanceweights, The frame carrying the upper pulley 
is adjustable, as shown in the drawing, and the deal- 
cutting feed rolls can be removed in order to connect the 
machine with an ordinary band saw when desired. The 
table can be canted for bevel cutting by means of a worm 
and segment placed beneath. 





A WINGED PROJECTILE. 
A sERizs of interesting experiments were made at Shoe- 
by the War Office authorities last Friday, to test 
pt a te 
other purposes, desi y Mr. E. 8. Hunt, m. 
The Snempalnnette umane has recently adopted, 
i have such faith in its efficiency above all other 


t, and 
methods that they have presented a 


gun and proj to 
the Royal National Life Boat Institution, hoping that the 
Fic. 4. 





Two smooth-bore 
56 Ib. and 69 Ib. 
fire the - 


authorities will consider’ its merits. — 
to 
from 34 


to look at, weig! 
were 


when ly for Ib. 





the right-hand electro-magnet in Fig. 2. Thus, if the 
governor rises a current is made to traverse the coils of 





tly coiled within, which 


iat tests 
1 ted 1 ing a li 
Spee out without the poor Be risk of breaking as it 
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travels through theair. It is placed in the gun, as it were, 
the or heavy shot end first, and on leaving the 
muzzle, at once reverses, the front end becoming the rear 

" jectile, is reversal, maintaining, in 
consequence of the four wings and on the principle of the 
arrow, an accurate and distant range. 

In ion the projectile is a tin tube 20 in. long, 

in. i having or hinged wings at one end, 
and a leaden shot weighing 6 Ib. at the other, Within the 
tube is a compact coil of line 174 in. long, and the dia- 
meter of the tube. This line is 
length, with a breaking strain of from 250 lb. to 400 Ib. 
The shot is attached to the second or shore coil lying along- 
side the gun, so that on the shock of the discharge 
the line runs out freely from both coils. The firing was 
conducted by Captain White, R.A., assisted by the inventor, 
Captain Prouse, R.N., at ing on behalf of the Board of 
Trade, and Admiral Ward for the Life Boat Institution. 

At Mr. Hant’s range, 22} deg., an elevation which has 
been found by continued practice best suited to throw the 
line over any wreck with the smallest strain to it and the 
projectile, the distances obtained and measured on the 
official range course were, 

389, 448, and 507 yards, 
the deviation of the shot and line from the target being 
43, 9, and 8 yards respectively. 

Three shots fired at 30 deg. and 35 deg. elevation, travers- 
ing a line of flight some 400 ft. in the air, ranged, 
478, 489, 386 yards, 
with deviations of the shot and line from the target of 

, 6, and 6 yards respectively. 

The wind was light, blowing directly towards the line of 
fire, but the inventor stated that much practice in America 
had proved that the range and flight of the shot and line 
are, if anything, more accurate when firing into the eye of 
a gale of wind, such as usually blows on shore when 
succouring a vessel, than in still air; whilst a strong wind 
blowing across the range interfered but slightly with the 
desired direction of the line, owing to the fact that the line 
was carried and payed out by the shot, and not dragged 
from the shore, as is now the case with the service Boxer 
rocket, and all inventions hitherto adopted. 

The correct working of the principle, and the. high 
velocity and regular flight that is maintained, surprised the 
many artillery and naval officers who witnessed the experi- 
ments. The idea of the shot turning over immediately it 
left the gun without loss of initial velocity or line of direc- 
tion, and of arranging for the heavy shot end to take the 
force of the explosion without = to the vontents 
carried behind, preseated quite a novel feature in gunnery. 

The gift of the Massachusetts Humane Society, presented 
to this country from kindly and philanthropic motives for 
the yupoee of saving life, will, we understand, be shortly 
tried with very different objects in view, as it is contem- 
plated to replace the line by some 5 |b. of rocket composi- 
tion, so that the shot, when it has nearly mechs my its 

test range of, say, 2000 yards, may have a fresh energy 
imparted to it, which combination of gun and rocket power 
will not unlikely give an effective and accurate range of 
about two miles. Another idea is to fill the case with in- 
flammable material and compressed gun-cotton powder for 
setting fire to and for destroyin linen, and for general 
savage and mountain warfare ; whilst a third idea, without 
enumerating others which readily commend themselves to 
the diabolical artillerist, is to fill the large space now 
occupied by line with material ‘somewhat after the nature 
of the Shrapnel shell, thus producing the most murderous 
missile every fired from light ordnance. 

The cost of each projectile fired last Friday, including 
the wear and tear and possible loss of line, and the pur- 
posely light charge of from 3} oz. to 4} oz. of gunpowder, 
was less than 7s. 

This element of cheapness enters materially into the 
question of introdac‘ion of any new weapon, whether for 
saving life or for war purposes, and it may be asserted 
that no projectile, both from an economical and large 
service standpoint, has ever entered the arena of competi- 
tion with light European field ordnance with such recom- 
mendation as the toy gun and projectile recently presented 
to the Royal National Lifeboat Institution by American 
philanthropists. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the attendance 
on ’Change at Middlesbrough was far above the average, 
and was no doubt due to the fact that some highly coloured 
reports had appeared in certain newspapers to the effect 
that Messrs. Bolckow, Vaughan and Co., of Middles- 
brough, had discovered how to elimiuate phosphorus from 
Cleveland iron, and render it fit for steel making. People 
attending the market, however, seemed to devote their 
attention chiefly to ing inquiries, and comparatively 
little business was done. Like last week, the quotations 
were based on No. 3 Cleveland pig being offered y makers 
at 36s. per ton. For some brands a sb.illing per ton more 
was asked. Merchants reported that they could buy at 
35s. 6d. per ton net cash, forward delivery. The warrant 
storekeepers Messrs. Connal and Co., of Middlesbrough 
and Glasgow, have 83,000 tons of Cleveland pig in stock. 
They have had a few heavy deliveries ex store, but their 
stock still shows an increase on the week of 1000 tons. 
They are now receiving about 300 tons daily. Their 
Middlesbrough warrants f.o.b. are quoted 36s. 6d. per ton 
og, oe cash for No. 3. Their Ges stock stands at 
227,525 tons, and they are receiving there from 600 to 800 
tons daily. The fact that there was some speculation in 
anticipation of the German imposts on pig iron, and the 
legitimate demand to bring up Continental arrears owing to 
the | blocks of the ports during the winter, stiffened 
prices, but it is felt that with ued depression in the 


rom 200 to 400 yards in | i 


finished iron trade, there cannot be a lasting improvement 
in the quotations. 


The Finished Iron Trade.—There are still several of the 
finished iron works closed, and their owners have not de- 
cided when they will reopen them. Prices continue low 
and orders are difficult to obtain. 


Cleveland and the Steel Trade.—lIt is thought that 
more for commercial than scientific a ay some 
highly-coloured reports of steel-making from Cleveland 
iron oo their way into certain newspapers during the 
past week. It is no news to tell people engaged in the iron 
trade that steel has been made from Cleveland iron. That 
fact has been accomplished long ago, and descriptions have 
from time to time been given in ENGINEERING of exhibits 
on ’Change of splendid specimens of steel made from 
Cleveland iron. The great point which the leading metal- 
lurgists and chemists of the day have been endeavouring 
to master is the production of steel from Cleveland iron at 
a cost which will make any such undertaking a commercial 
success. For the past few months Messrs. Bolckow, 
Vaughan, and Co. have, at their Middlesbrough works, 
been conducting experiments in steel-making on a some- 
what extensive scale. In December last they started a 
newly-fitted up experimental steel-making shop in their 
Middlesbrough works. Here they have had two Bessemer 
converters making steel day after day, and oe been 
trying various experiments. By the use of Mr. Sidney 
Thomas’s lining they have obtained very excellent results, 
and they are sanguine that they can, on the most extensive 
scale, and at a most moderate cost, eliminate phosphorus 
from the Cleveland iron while in the Bessemer converter. 
This information having been publicly circulated with an 
air of authority, Messrs. Bolckow, Vaughan, and Co. feel 
rather taken by surprise, and fear that too much may be 
expected of them. The matter will, however, soon be put 
beyond dispute, as Messrs. Bolckow, Vaughan, and Co. in- 
tend to start as steel rails from Cleveland iron, and 
will satisfy themselves of the commercial value of their 
recent investigations. Meanwhile, many people have 
jumped to the conclusion that the Cleveland district will at 
once take a new lease of life, and will proceed to make 
steel for the world. This is rather a hasty conclusion. If 
all that is expected from Messrs. Bolckow, Vaughan, and 
Co.’s practical tests is realised very considerable time will 
be required to work great changes in the trade. Bolckow, 
Vaughan and Co., at their ificent Eston steel works 
can at once avail themselves of the process, but skould it 
be all that is desired it will be many months before 
others can alter their works so as to reap the benefit of 
making steel solely from Cleveland iron. At the forth- 
coming meeting of the Iron and Steel Institute there will 
be some important information given on the matter. 





NOTES FROM THE NORTH. 
Giaseow, Wednesday. 

Glasgow Pig-Iron Market.—Business was done in war- 
rants last Thursday forenoon at 44s. 3d. to 44s. 43d. cash, 
and at 44s. 6d. one mouth, the market closing with buyers at 
443. 4d. and 44s. 6d. cash and one month respectively, sellers 
asking 1d. per ton more. In the afternoon there were 
transactions at 44s. 7}d. one month, and at the close sellers 
were asking that price and 44s. 5}d. cash, buyers very near. 
Friday’s market was firm in the morning, and continued 
strong till the close, when prices stood 14d. per ton over 
those of the previous day. tions were reported 
during the forenoon at die. 4d. to 44s. 5d. cash, and at 
44s. 7d. to 44s.-7}d. one month, the market closing with 
buyers at the higher figures, and sellers asking 1d. over. 
In the afternoon 44s. 6d. cash and 44s. 9d. one month were 
paid, and the market closed with sellers at those prices, 
and buyers offering 1d. per ton less. A certain de of 
dulness prevailed at the opening of the market on Monday, 
and prices suffered a decline to the extent of 4d. per ton. 
Business was done during the forenoon at 44s. 5d. cash and 
443. 7}d. one month, at “which prices there were sellers at 
the close, and buyers offered 1d. per ton less; and in the 
afternoon 44s. 2d. cash and 44s. 6d. one month were 
accepted, the market closing with sellers at 44s. 14d. cash 
and 44s. 4d. one month, and buyers near. The market 
Was again dull yesterday, and prices had a severe fall—to 
the extent even of 6d. per ton. There were transactions 
during the forenoon at 43s. 11d. to 43s. 10d. cash, and at 
44s. 1}d. to 44s. one month, sellers at the close accepting 
the lower quotations, and buyers YS r ton less. 
During the afternoon from 43s. 9d. to . 7}d. cash, and 
from 4%s. 11d. to 43s. 10d. one month were paid. The market 
closed a shade over the worst price—buyers 43s. 8d. cash 
and 43s. 10}d. one month, sellers 1d. per ton more. The 
market opened very firm to-day, with buyers at 43s. 9d. 
cash, but sellers gradually came down to 43s. 1ld. and 
43s. 10d. one month and 43s. 7jd. cash. The afternoon 
marfket was also firm at the afternoon prices. There has 
been a fair demand during the past week for special brands 
for immediate shipment to the Continent, chiefly to German 

rts, in anticipation of a duty being imposed ; and there 
1as likewise been some inquiry for spring delivery. The 
home demand remains quiet, but perhaps just the turn 
better ; indeed, that department of the trade is so quiet 
that ordinary iron can scarcely find a market except in the 
warrant stores, where it is being sent to meet the wants 
of speculators. The quantity sent into store last week was 
very large, the total stock with Messrs. Co and Co. 
up till Friday evening amounting to 226,636 tons, thus show- 
ing an increase for the week of tons. Last week’s ship- 
ments amounted to 10,743 tons, as compared with 8662 tons 
in the corresponding week of last year. Already there has 
been an increase in the shipments for the present year of 
18,975 tons. An additional blast furnace been blown 
in at Glengarnock Iron Works, so that the total number of 
furnaces at present in blast is 90 as against 87 at the same 





time last year. 


Bla DOr Tow: aig 4 soseeant ~ hey. of Em. 
ment.—A meeting e Amalgama‘ Society of 
ineers was held in Greenock on Monday night, at 
wales Hho gergened tn Aecemee Be ing hours to 54 
per week were . It was agreed not to resist the 
increase, seeing that the Glasgow trades had accepted the 
extension of Sows ; but they regretted that the em- 
ployers had increased the working hours considering that 
so many men were out of employment, and the longer 
hours would only tend to increasethe number of unem- 
ployed. The committee of the mated Society of 
Angle-iron Smiths and Boiler-makers have resolved not to 
raise the question. The shipwrights, joiners, and black- 
smiths will hold meetings to discuss the question ; but it is 
generally thought that there will be no attempt made to 
resist the increase of hours. Messrs. Rankin and Black- 
more, ty Tey the same intimation to their work. 
men on Monda; + the other firms had given on Saturday. 
Messrs. Caird and Co., shipbuilders and engineers, 
Greenock, paid off between and 70 carpenters last 
Saturday.. In several of the yards in the upper reaches of 
the Clyde the working staff has been considerably reduced 
lately. On Saturday last a large number were paid off 
from one yard, and the services of over men were 
dispensed with on the same day by the principal shipbuild- 
ing firm in Govan. Intimation has sted in the 
engineering and locomotive workshops at Kittybrewster, 
in connexion with the Great North of Scotland Railway, 
that on and after Monday, the 24th curt., the working 
hours will be increased from 51 to 54 hours week, the 
amount of wages remaining as at present. reduction of 
took place in the same department in December last. 


wages 
It is believed that other engineering firms in Aberdeen will 
follow the example thus set, and that in that branch of 


labour the 54 hours will be generally resorted to. 


New Graving Dock for Leith.—A meeting of the Leith 
Dock Commission was held last Friday, when Mr. James 
Currie drew attention to the insufficiency of graving dock 
accommodation in view of the in ing proportion of iron 
vessels that requires periodical inspection at the port of 
Leith. He was happy to say that the engineers for the 
new dock works were of opinion that a fine graving dock, 
250 ft. long, could be erected in the new dock at an ex- 
ceptionally small price. The cost was estimated at 25,0001., 
and it was stated that no great loss of quayage accommoda- 
tion would result from placing the dock near the middle 

jer of the new works now in operation, east of the Albert 
k. Mr.C. 8S. Chalmers said he was of opinion that a 
slip on Morton’s principle was preferable to any other plan. 
Mr. Thomas Aitken said he with Mr. Chalmers, but 
it was quite evident that the Commissioners were at present 
shut up to the scheme suggested. The engineers were 
instructed to prepare plans and specifications, and give a 
probable estimate of the most economical way of carrying 
out the proposal. 

Glasgow Fairfield Association.—The usual meeting of 
this association was held in the Religious Institution rooms 
on Wednesday evening, March 12, Mr. W. Cook, vice- 

resident, in the chair, when a paper on ‘‘ Steam in the 

ingine’’ was read by Mr. Robert Wyllie, president of the 
association. The paper was listened to with great atten- 
tion, and at its conclusion Mr. Wyllie was awarded a 
hearty vote of thanks. After a short discussion the meet- 
ing terminated. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sanitary Improvements in Leeds.—The corporation of 
Leeds is about to erect another dep6t, in which it will be 
able to deal with the rubbish collected in one portion of the 
town. Within it will be erected a uable contri- 
vance, “‘ a destructor,” which will get rid of a large portion 
of the accumulations, and also a carboniser or furnace, in 
which vegetable refuse will be consumed before being con- 
ia Wehee pusing pens tw Go making Gf moves. Th 
wi wo grinding pans for the ing of mortar. The 
latter useful apparatus will be propelled by a steam engine, 
the boiler of which will utilise the waste heat from the 
“destructor.”” A shaft 120 ft. high will carry off the 
fumes and smoke, so as to prevent any nuisance to the 
neighbourhood. The works will be carried out in ac- 
cosdanee with plans prepared by the borough engineer. 

Askern and its Drainage.—The authorities at Askern, 
one of the favourite ‘‘ watering-places’’ of Let mee are 
endeavouring to provide means for the by oy of the 
town. They seek also to erect works for the disposal of 
the sewage. The latter, after flowing into a tank, will be 
subjected to charcoal and other appliances, by means of 
which, when it leayes the tank, it will be rendered as 
innocuous as possible. In answer to the Government in- 
spector’s inquiries into the matter, it was stated that the 
sewage, after being in the settling tank, would be passed 
through walls of coke and run into the public drain. The 
inspector said he was afraid that would be objected to by 
the Local Government Board, as the fluid would not be 
filtered, the suspended would be taken out by 
its being passed through coke It would be sewage 
when it went into the tank and sewage when it left it. It 
was pointed out that the water after leaving the tank 
woul to the stream, but the inspector said that was 
sonteuion te the Rivers Pollution Act. The inspector, 
after viewing the land, said he would report to the Local 
Government s 
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THE NEW PATENT BILL. 

Tue Attorney General’s Patent Bill, now before 
Parliament, and which we briefly noticed on the 
28th ult., though in some ts better than the 
other Government Patent Bills of recent years, is 
by no means free from objection. Some of its 
faults are glaring ; but others, perhaps even more 
serious, are so embodied as to probably escape 
the notice of the uninitiated. In other words, the 
Bill is so drawn as to admit of a vicious system of 
patent law administration. Having closely watched 
the previous attempts at legislation, we feel that 
our readers will look to us, in some measure, for 
guidance in dealing with the present Bill. Under 
these circumstances, we deem it our duty to urge a 
most critical examination of the Bill, and to draw 
attention to certain provisions calculated to cause 
Serious apprehension. A patent law should not be 
such that, in practice, it may become a means 
of enabling the well-to-do to add to their riches, at the 
expense of their less fortunate brethren. Let this 
be carefully noted, as the groundwork of much we 
shall have to say against the Bill before us. There 
has been widespread satisfaction at the absence of 
all reference to preliminary examination of un- 
opposed applications for patents, That the much 
opposed clauses of former Bills should be absent 
from the present Bill, is, unquestionably, matter for 
Sincere congratulation, so far as it goes. But what 
if it admits of a system of prelimi examination, 
not strictly defined by law, but so as to leave every 
applicant at the mercy of the Commissioners of 
clerks appointed (to 
‘with such designations and 


atents, and the officers and 
quote from Clause 43) 


duties as the Commissioners think fit” ? We do not 
say there is, at present, intended to be such a system 
of preliminary examination ; and many will, doubtless, 
assume that the absence of all direct mention of 
anything of the sort is a sufficient indication there 
is to be none, seeing that all the other Bills ex- 
prenty provided that there should be examination. 

he Attorney-General is far too straightforward a 
lawyer to ems fo carry a measure designed to 
have a different kind of operation to that which ma: 
eppees on its face, It must, however, be recollecte 
there is a growing tendency to make ‘“ skeleton” 
Acts of Parliament, leaving much to general orders 
and rules. Of course, it is not possible to provide 
for all contingencies in any Act of Parliament. On 
the other hand, if ‘‘skeleton” Bills have their ad- 
vantages, they have also their drawbacks. There 
must always be great risk of their receiving, at some 
time or other, an interpretation totally at variance 
with the views and intentions of their framers, 
Regarded in this light, an attentive perusal of 
Clause 44 of the Bill before us, especially when taken 
in conjunction with Clause 43, already referred 
to, will not be reassuring to those who fully realise 
its import. That clause distinctly empowers the 
Commissioners to control (inter alia) the form and the 
contents of specifications and drawings, and to prescribe 
the opening to public inspection, publishing, printing, 
and selling of copies of reports. What this is 
intended to mean, is best known to the authors 
of the Bill. But its possible working should be 
well understood, before it is allowed to become law. 
Without such power as under the Bill before us 
might be given to officials, some law officers’ patent 
clerks have, in years gone by, rendered themselves 
very obnoxious, and caused much inconvenience. 
What then is to be expected if inventors are placed 
at the mercy of irresponsible Patent Office officials ? 
The working of the ‘Trade Marks Registration Acts 
and rules ought not to be lost sight of as a warn- 
ing, to say nothing of certain indications of a med- 
dlesome spirit recently shown at the Patent Office 
itself. If, nevertheless, such dangerous provisions 
as the Bill before us contains, be allowed to pass 
unopposed and unexplained, those who afterwards 
suffer will have only themselves to blame for their 
laches. One thing ought to be insisted upon, namely, 
that, save where fraud is distinctly proved, every 
applicant whose invention is not contrary to public 
morals, should be allowed a patent at his own risk, 
If there be any official preliminary examination 
as to novelty, the action to be taken thereon 
should not go beyond an intimation to the 
applicant of what has been found, so that he 
may refer to it, and otherwise amend his speci- 
fication and claims, as the circumstances of the 
case may a to him to demand. No Patent 
Office official, or set of officials, should be empowered 
to refuse a patent, or to issue a ing report, 
which, where based on erroneous impressions or 
misconception, as such reports often must be, would 
operate most unjustly and injuriously. In a — 
on the Attorney General’s Patent Bill of 1877, 4 
Trueman Wood (now secretary of the Society of 
Arts), referring to preliminary examination, well 
said: ‘There are two strong parties in favour of 
it; first, those who look on it as a means of killing 
off obstructive patents ; second, those who wish for 
it because it would etre. bap of bp 

tents that were gran © resi ag 0 y 
the former would, I think, be, on the whole, un- 
desirable; while the expectations of the latter are 
not likely to be realised.” 

The object of a Patent Law is to encourage per- 
sons to devote their time and energy to the pro- 
duction and introduction of improvements in the 
industrial arts. The inducement offered by the 
present Bill is an exclusive enjoyment for twenty- 
one years, at a cost, in Government fees alone, of 
not less than 272/. 10s. It might be supposed this 
heavy charge would, in itself, afford some sort of 
a security that any invention in respect of which it 
would be paid would have something init, But it 
appears to be considered of the first importance to 
provide means of obstruction to, first, the issuing of 
patents; and, second, their maintenance. Thus, in 
addition to official control of the form and contents 
of specifications and drawi the complete specifica- 
tion and other documents relating to the application 
are, according to Clause 9, to be made public before 
the ting of the patent. Any person may, ac- 
cording to Clause 10, oppose the grant of the patent 
before the law officer, who may employ an expert, 
and whose report is to be made pyblic. This opens 





the door, especially in the case of an invention of 
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real merit, to opposition such as the following, 
which is a free translation of of an objection to 


the demand of a well-known inventor for a 
patent, in respect of an invention likely to be of 
much practical value. After referring to a host of 
printed specifications, wof containing the peculiar 
combination and arrangement of apparatus shown, 
the objector says, ‘‘ Besides, any differences which 
may be discovered, are insignificant, and do not 
appear to be patentable, as they have no influence 
over the cipal objects of the invention, and are 
always within the cycle of the invention of another. 
I, therefore, pray the Patent Office to refuse the 
patent in question,” Let us not have this sort of 
thing here. It is true that, according to the Bill 
under notice, if the law officer reports against the ap- 
plication, the applicant need not despair, Clause 13 
provides that he may still indulge in the luxury of a 
tition to the Lord Chancellor for the grant as seal. 
ing of apatent, Thoseaverse to the granting of patents 
may, on the other hand, console themselves with the 
very satisfactory reflection that any person may, 
under Clause 14, petition the Lord Chancellor 


against the sealing of a patent. What a harvest 
should all these safeguards afford to lawyers, patent 
agents, and experts! But lest, in any case, all these 


stages should be in safety, and a patent 
inflicted on suffering humanity in general, and 
greedy manufacturers in particular, the precaution 
has been taken to provide a much more simple and 
easy mode of obtaining the revocation of a patent, 
namely, on petition to the Lord Chancellor, instead of 
by scire facias, as heretofore. Of this provision, per se, 
we might not feel disposed to complain. But it has 
not been deemed sufficient to propose only a more 
ready way of revoking a patent, on any ground on 
which it might now be repealed on a proceeding by 
scire facias. According to Clause 19, a patent is 
to be liable, at any time after the end of three years 
from its date, to be revoked on either of the follow- 
ing grounds. (a.) That the patentee fails to use or 
put in practice the invention by himself or his 
licensees to a reasonable extent, within the United 
Kingdom, or to make reasonable efforts to secure 
the use or practice thereof there, proof to the con- 
trary whereof shall lie on him, (6,) That in order 
to insure a proper supply to the public of articles 
produced under the patent, or pooper means for the 
use of the invention by the public, licenses are ne- 
cessary, and the patentee fails to grant licenses to 
proper persons requesting the same, on terms which 
the Lord Chancellor, having regard to all the cir- 
cumstances of the case, deems reasonable, It will 
probably occur to many practical persons, that “a 
reasonable extent,” ‘ reasonable efforts,” “a proper 
supply,” ‘‘ proper means” ‘pr persons,” and 
‘‘ reasonable terms” ate all capable of a variety of 
interpretations, according to the notions of the 
judge before whom" the particular case may come. 
e do not envy the position, under such conditions, 
of a patentee who may have excited the envy of 
rich manufacturers or rivals. It may, also, be 
pertinently asked, under what conditions a patent, 
more than three years old, could, with certainty, be 
considered as affording a safe investment for 
capitalists. Patents are of little benefit, either to 
the patentees or the public, unless backed up with 
capital. It is a very common objection to our exist- 
ing patent laws that, under them, patent property 
is insecure and uncertain. What, then, may it be 
expected to be under the proposed new law? We 
shall probably have more to say on this subject, on 
a future occasion, It may, however, be well now 
to draw attention to Clause 24, relating to what are 
there called ‘imported inventions.” This clause 
provides further pitfalls for the unwary. We have 
never been able to see any logical reason for making 
the life of a patent in one country dependent w 
the duration of a patent previously obtained else- 
where, What difference can it make, whether a 
foreign or colonial invention be patented, for ex- 
ample, in Denmark, the day defore it is patented in 
this country, or the day after? Yet, it would seem, 
Ya law- ee paw there isa agreymin rig + 
or allowing the i tent, in the one case, 
run only five coder and iy the other no less than 


twenty-one years. 
The patent question having been so long in a 
state of uncertainty, should be forthwith settled. 


People are getting tired of constant agitation, 
But it isto be hoped they will not, therefore, 
abstain from protest inst any pro cal- 
culated to operate injuriously, ‘ An for a 
iet life” is not a rule that can be safely ' 





We have no desire to see the Attorney-General’s 
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Bill thrown out, but we insist most strongly that it 
should be modified in some important particulars, 
especially those we have indicated, and that some 
satisfactory understanding should be arrived at as 
to the manner in which it is to operate. Five un- 
paid Commissioners (the value of whose services 
will, probably, be fairly represented by the amount 
paid for them) are to take t in dictating 
to inventors and cot emma ut let it be re- 
membered that the g of general rules and 
orders will be ly under the control of officers 
already full of work, and for the most part, if not 
entirely, opposed to patents; since their personal 
experience must nearly always be in a large measure 
confined to cases of dispute and difficulty. Men of 
this class, however learned, having seen nothing of 
the bright side of the question, are, not unnaturally, 
prejudiced, It would, however, be a very serious 
matter for this country, should such prejudices be 
imported into the general rules and orders at * 
future time to be issued under any Patent Law. It 
is well known how opposite has been the action of 
different chancellors and law officers under one and 
the same set of rules, some adopting liberal views, 
and others quite the contrary. We must not have 
the administration of our Patent Laws tainted from 
time to time by the crotchets of individuals who 
happen to be in authority. The Attorney-General 
has already made concessions, If he be well ad- 
vised, he will yet make others, Of course, it is not 
a party question: nevertheless, he and his party have 
everything to gain, and nothing to lose, by a satis- 
factory solution of this much vexed question. Since 
anti-patent agitators are an inconsiderable minority 
(public opinion, as expressed over and over again, 
being ever strongly in favour of affording encourage- 
ment to inventors), the aim of the Attorney-General 
should not be to find means of opposing all conceiv- 
able difficulties in the inventor's way. That is a 
course distinctly antagonistic to the public interest, 
which lies in the offering of all possible inducement 
to inventors, poor as well as rich, to develop and 
bring out their ideas. The Government should not 
be guided too exclusively by the views of any par- 
ticular class, and will do well to remember that it 
can serve no good purpose to use a majority in 
passing a measure which would cause such wide- 
spread dissatisfaction as must eventually lead to its 
repeal. 


EDISON’S ELECTRO-CHEMICAL 
TELEPHONE. 

Tue remarkably rapid progress which modern 
science has made during the last two years owes a 
very large proportion of its aggregate amount—we 
might almost say its largest proportion—to the dis- 
coveries, and inventions arising out of those dis- 
coveries, which have been made and announced to 
the world during the gr in connexion with 
the phenomena of sound. The telephone of Professor 
G Bell, besides solving the long-sought problem 
of the transmission of articulate speech by electricity 
—a solution which is more or less claimed for Riess 
and for Gray—opened the eyes of the world to the 
marvellous sensitiveness of the human ear and to the 
value of a vibrating membrane or diaphragm as an in- 
strument of acoustical research. It also illustrated for 
the first time what minute variations in the agree | 
of a ae field, and what immeasurably small 
fluctuations in the strength of an electric current are 
capable of pes Soe effects of sufficient 
magnitude to excite the organ of hearing, anditthereby 
became, in the hands of the physicist, a new detecting 
galvanoscope of altogether unprecedented sensitive- 
ness and convenience. An almost direct outcome of 
Professor Bell's telephone was that marvel of 
accoustical instruments, the phonograph of Mr. 
Edison, which although at present but little known 
to the general public except as an intensely interest- 
ing sna means Bing , has proved in the hands of 
Pekeme eeming Jenkin and Mr. ewe bab caper 
instrument of research, and which undou y con. 
tains within it the germ from which t discoveries 
and inventions may be developed. It is perhaps too 
soon to estimate the im ce of the contribution to 
science which Mr. Edison has made by the invention 
of the phonograph, but we have no doubt whatever 
it will open up a branch of physical research with 
which his name will ever be associated, and which 
has already to bear some im t fruit in 
the experiments of Mr, Stroh and Mr. Preece, which 
we illustrated and described a fortnight ago.* 

Since our account of the carbon telephone ap- 


* See ENGINEERING, page 200, ante. 











peared* Mr. Edison has greatly improved the in- 
strument, so much so that in conjunction with a 
magnetic receiver, it far surpasses for power and 


clearness of articulation every other system of tele. | tary 


phone that has been introduced. 

As long, however, as there was in connexion with 
the instrument no more powerful receiver than the 
Bell telephone or instruments of similar principle, 
the carbon telephone, although possessing many 
polets of superiority over other systems, was 
imited in its power to the capabilities of the re- 
ceiver with which it was connected, and until quite 
recently no receiving telephone had been introduced 
which would develop or do justice to the power of 
the carbon transmitter. 

Mr. Edison has now added to his long list of in- 
teresting inventions by the introduction of a tele- 
phonic receiver founded upon an altogether new 
principle, and has thereby produced in conjunction 
with bis carbon transmitter, what must be acknow- 
ledged to be the most perfect telephonic system that 
has yet been brought forward, and which alone 
would be sufficient to give to its inventor a high 
place among scientific discoverers. 

The principle upon which this most. interesting 
instrument is bene cond which is identical with that 
upon which the electro-motograph of the same in- 
ventor is founded, may be illustrated: by the follow- 
ing very simple experiment. If a strip of bibulous 
paper, Fig. 1, slightly moistened with a weak 


ot ae 
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solution of potassium hydrate, be laid upon a strip of 
metal, which by means of a key or contact maker 
ean be connected to one pole of a voltaic battery, 
and a metallic strip, tipped with platinum, 
and connected to the other pole of the battery, be 
gently drawn over the surface of the paper, it will 
encounter a resistance, the amount of which, all 
other things being equal, will be determined by the 
co-efficient of friction between the rig 
spring and the surface of the moistened paper. e 
instant, however, that the circuit is closed by de- 


pressing the key the friction between the two surfaces oy 


is reduced, and assuming a uniform tractive force to 
be exerted upon the strip, it will be found to sili 
over the surface of the paper every time that the key 
is depressed ; and if the key be moved up and down, 
a series of pulsations or minute jerks will be felt by 
a person holding the strip, which pulsations are 
isochronous with the movements of the key. Upon 
this principle, Mr. Edison, as far back as the year 
1872, constructed an exceedingly sensitive relay in- 
strument for telegraph lines of high resistance. 
In this instrument a contact lever was kept away 
from its contact pin by the friction of a band of 
per, kept moving by suitable mechanism at a uni- 
orm speed below a platinum stud attached to the 
lever, and pressed against the paper by a light ten- 
sion spring. In opposition to the action of the fric- 
tion between the moving band of paper and the 
platinum stud, was a tension spring so adjusted as 
not to be strong enough to overcome the effect of 
friction when no current was traversing the instru- 
ment, but to be sufficient to draw the lever over the 
moment the friction diminished under the electro- 
chemical action of the current passing between the 
platinum stud and the chemically pre per 
band, The paper and stud being in circuit with the 
line and distant station, and the lever and contact 
pin being connected to the local battery and receiv- 
ng instrument, an excellent and very sensitive 
y was uced, and one which dispensed alto- 
gether with electro-magnets and with all their accom- 
panying inconveniences. The physical cause of the 
sudden decrease of the coefficient of friction between 
a metallic stud and a band of paper impregnated 
with an electrolyte has never been explained, but 
we have little doubt that it is due to the splitting 
up of the elements constituting the chemical sub- 
stance under the electrolytic action of the current. 





If one of those constituents be a gas which is dis- 
* See ENGINEERING, vol. xxv., page 496, 





engaged under the influence of a current of electri- 
city between the stud and the paper, it is easy to 
conceive how the effect of this, by causing a momen- 
film of gasto be produced below the stud, 
would be to reduce the friction between them, and 
so permit the return spring to act; and the con- 
ception of a molecular change taking place in the 
surface of the paper by reason of electrolytic action, 
even when no gas is given off, which change must 
be accompanied by mechanical motion of some sort, 
is only a step further, and does not present an 
serious difficulty to the mind of the physicist. The 
molecular phenomena attending detide-theaton 
decomposition are but very little understood ; 
chemical processes go on, during electrolysis, which 
are altogether ——— to the laws of chemical 
action under ordinary conditions, and substances 
which, in their normal state, produce the most violent 
action when brought together, may, under the in- 
fluence of an electric curreit, be passed through one 
another without any chemical change or action 
taking place. The whole subject is one of deep 
interest, but anything more than a ing reference 
to it is hardly consistent with the object of this 
notice. We may mention, however, as bearing on 
the explanation of the phenomenon, which is made 
use of in the electro-motograph, that the direction 
of the current to produce the best effect is different 
for different substances employed ; thus, when the 
paper is impregnated with potassium hydrate, it 
should be connected with the itive pole of the 
battery, while the point or rubber must be in com- 
munication with the negative pole ; the same arrange- 
ment holds good for most of the alkaline salts, but 
several of the metallic acid salts require a reversal of 
the poles in order to produce the greatest effect. 
This fact is quite in accordance with the explana- 
tion of the phenomenon which we have mentioned 
above, and does not in any way militate against the 
idea that there is but one law acting in the same way 
throughout. 

Mr, Edison has now applied with remarkable 
success the principle of the electro-motograph to the 
construction of a telephone receiver which, on 
account of its extraordinary power and perfection, 
must before long supersede the feeble instruments 
of other systems, and secure to itself a great com- 
mercial future. No one who has heard Mr. Edison’s 
new telephone can fail to have been astonished at its 
clear, articulate, andloud tones; itmight appropriately 
be called ‘“‘ The Shouting Telephone,” for its ‘‘ voice” 
is louder than that of any — speaker, and we 
have failed to distinguish any difference in clearness 
of articulation betweenits utterances and those of a 
rson engaged in conversation. Where it isin use it 
to go at all near the instru- 
ed against the wall of an 


is of course unnec 
ment, for it may be 


P| office, and its messages heard at any part of the room 


spoken in a loud clear tone, and even the high notes 
of whistling are reproduced with such perfection as 
to make it almost difficult to believe that some one 
in the room is not whistling loudly near the instru- 
ment. 

This extraordinary jnstrument, which is illustrated 
in Figs. 2, 3, and 4, consists in its simplest form of a 




















dia —_ which is set into vibration by the varia- 
tions friction taking place between a metallic 
strip and a chemically prepared rotating cylinder 
under variations of the strength of an electric 
current passing at the point of contact of the 
metallic strip and the o reage The diagram, Fig. 5, 
shows the disposition of the principal parts of the 





al tus. A isacylinder compose 
poloaiees hydrate with a small quantity of mercury 
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acetate moulded round a flanged roller or reel of 
brass which is lined with platinum on those surfaces 
which are in: contact with the mixture, which 
is kept in a moistened condition. Upon the upper 
circumference of the cylinder, which is caused 





to revolve on the horizontal spindle B B, a metallic 
strip C is caused to press with a firm and uniform 
pressure by means of an adjustable spring. The 
rtion of the strip which bears upon the cylinder is 
ed with platinum, and the opposite end is attached 
toa diaphragm of mica 4 in. in diameter firmly fixed 
by its circumference. ‘The cylinder is connected 
to the copper element of a battery, and the strip C to 
the zinc pole, with a transmitting telephone included 
in the circuit. If, when no current is passing through 
the instrunent, the cylinder be rotated at a uniform 
—_ away from the diaphragm, the friction between 
the cylinder and the strip C causes the diaphragm 
to be drawn inwards, i.c., towards the cylinder, and 
the diaphragm would take up a fixed position de- 
pendent upon its own rigidity and the friction be- 
tween the cylinder and the strip. The instant, 
however, that a current is transmitted through the 
instrument that friction is reduced and the dia- 
phragm flies back by its own unopposed elasticity, 
the variation of friction being proportional to the 
variation of the strength of the electric current ; and 
so marvellously sensitive is this combination that the 
Variations in the strength of the electriccurrent caused 
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| by the human voice speaking against a carbon trans- 


mitting telephone instantly produce their correspond. 
ing variations of friction, and the diaphragm repeats 
the words, but very much louder t they were 
originally uttered at the distant station. 

The experimental apparatus which we illustrate 
above, and which was constructed by Mr. Edison 
merely to demonstrate the principle, was shown in 
this country for the first time last week, and it is 
to the courtesy of Colonel Gouraud and Mr. Adams 

Mr. Edison’s representatives in England) that we 
are indebted for being able to illustrate this notice 
with drawings of the actualinstrument. Fig, 2 is a 
perspective view of the apparatus, which is in 
reality three instruments in one, combining a trans- 
mitter, receiver, and call-bell, and, therefore, has a 
somewhat complicated appearance. The whole of 
the upper portion, however, is the call-bell and 
signalling apparatus, by which attention is attracted 
at the other station, and by which such calls are re- 
ceived ; this differs in no respect from an ordinary 
electric bell, having a key and switch by which itis 
thrown into circuit, In front of the box, which 
is of cast iron, is seen the large diaphragm, but 
even this has a more complicated appearance, in 
consequence of the transmitting carbon telephone 
being fixed in front of, and concentric with it. If 
the transmitter and call-bell apparatus were re- 
moved, the external ap ce of the receiver 
would resolve itself into a rectangular box, having 
a 4in. hole in its front face glazed with mica, and a 
small winch handle projecting from the right-hand 
side. The internal arrangements are shown in Fig. 
3, which is a back view of the interior, and in Fig. 4, 
which is a vertical section taken through the centre 
of the diaphragm. Referring to Fig. 3, A is the chalk 
cylinder mounted on the horizontal shaft B B, which, 
by a spur wheel and pinion, can be rotated at a 
moderate speed by turning the winch handle W. 
The spindle B turns in, and is supported by the 
long boss bearing shown in the figure, and which 
forms part of the cast-iron bracket H H, to which 
every part of the apparatus, except the di 
and its connected strip, is attached. D is 
phragm, which consists of a disc of thick mica, 4in. 
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centre, and which is pressed tightly against the upper 
portion of the cylinder by means of the stiff sprin 
S, whose pressure can be regulated by the screw E. 
A comparison of Figs. 3 and 4 will make the ar- 
rangements of parts clear, G is a countershaft, 
which can be turned through a small angle by 
depressing a lever keyed on to it on the outside of 
the case ; the effect of this is to raise, by means of 
the forked lever LL, the damping roller R against 
the surface of the chalk cylinder, and so occasionally 
to supply the water which is lost by evaporation. 
The roller, when not in use, rests in a trough of 
water T, and has only occasionally to be raised 
when the cylinder becomes too dry to give the best 
results, When this instrument is connected to a 
carbon telephone, with no greater battery power 
‘than two Fuller cells, any sound uttered into the 
transmitter is not only perfectly reproduced by the 
mica diaphragm, but its sound is so greatly increased 
as to constitute what in a speaker would be con- 
sidered an unusually loud voice. 

Mr, Edison has found that this instrument, like 
the magnetic receiver, produces far more satisfactory 
results when working on an induction circuit than 
when it is connected directly with the carbon trans- 
mitter, he therefore adopts the plan of placing the 
receiving instrument in circuit with the secondary 
wire of an induction coil, the transmitter and batte 
being on the primary circuit, ‘The diagram, Fig. 6, 


will explain how the connexions are made for asingle 
pair of instruments. In this diagram T is the carbon 
transmitter and R the electro-chemical receiver, B 
is the battery and C an induction coil. The undu- 
latory character which is given to the voltaic current 
by transmission through the carbon disc, whose re- 
sistance is continually varying under the influence of 
sonorous vibrations, produces by induction a corre- 
spondingly undulatory current in the secondary 
circuit of the induction coil C, and this varying 
current being transmitted by the line wire to the 
receiving instrument, by varying the intensity of 
pf seertbey. Bone, decomposition going on between the 
chalk cylinder and the platinum point which presses 
on it, causes a corresponding variation of the co- 
efficient of friction between the two surfaces and the 

truggles of the diaphragm in its continual endeavours 
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to establish eq’ ium under its own constant 
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elastic force acting in one direction and the varying 
frictional drag pulling in the opposite, make them- 
selves apparent by reproducing with perfect distinct- 
ness, but with far greater force, the sounds by which 
the undulatory currents in the primary wire were 
originally produced. : 

We have in an early part of this article intimated 
that the apparatus figured above is merely experi- 
mental and intended rather to demonstrate the prin- 
ciple than to represent an arrangement for practical 
working. We understand that the whole instrument 
was constructed in but four days, and that it has 
not yet been exhibited even in America. In the 
instrument which Mr. Edison is now constructing, 
the cylinder will be driven by a train of clockwork 
which will, like a telegraph bell, be kept wound up 
at the receiving station. By transmitting a momen- 
tary current of electricity from the transmitting 
station, an electro-magnet will be caused to release 
a detent by which the clock train will be set in 
motion, when it will be only necessary to call out 
into the instrument, and the receiver at the other 
station will repeatthe sound loud enough to callatten- 
tion at some considerable distance, thus dispensing 
in many situations with the necessity for a call-bell 
altogether. There is in fact no reason why a modi- 
fication of the electro-motograph itself could not 
relieve the clockwork, and so replace the electro- 
magnet for the same purpose. 

.. The secret of the great power of the instrument 
by which it speaks with a voice to be distinctly 
heard all over a large room, is that the mechanical 
motion of the diap is produced not by the 
electric current, as in all other telephone receivers, 
but by local mechanical means, such as a train of 
clockwork or rotation by hand ; the electric current 
merely controls the time when that mechanical force 
is exercised, and the amount which is brought into 
play: It may, ee be compared to a 
rictional coupling or clutch through which a machine 
is driven by a steam engine, and which at any 
moment may be made to transmit the full power 
of the motor to the machine, or by varying the 
friction to transmit only a portion of that power. 

To any one acquainted with what may be called 
the capriciousness of friction, and who knows the 
extraordinary delicacy of a vibrating diaphragm as a 
detector of irregularities such as one might suppose 
would be produced by that capriciousness, the per- 
fect action of this electro-chemical telephone of Mr. 
Edison must be a source of great astonishment, It 
would naturally be supposed that no cylinder could 
be made so true in form, so homogeneous in sub- 
stance, so uniform in surface, or rotated at so 
uniform a speed, or so devoid of vibration, as not 
to introduce all sorts of foreign noises into the 
utterances of the apparatus, and this idea would be 
greatly intensified by the knowledge that the most 
minute variations of the coefficient of friction be- 
tween the two rubbing surfaces as is produced by 
variations of an electric current of such extreme 
minuteness are capable of producing the most marked 
results. We are free to admit that had we seen the 
drawings alone of Mr, Edison’s instrument, and 
knowing the extreme delicacy of the electro-moto- 
graph, we should have been altogether sceptical 
of its success, for we should have thought that the 
disturbing mechanical and acoustical irregularities 
would have well-nigh drowned the articulate sounds 
transmitted from the distant station. On the occasion, 
however, when we examined the apparatus, the cy- 
linder had been scraped into a deep groove through 
the mischievous meddling of some unauthorised 
person, and yet the instrument worked with a purity 
of sound, and with a power of voice such as has, with. 
in our experience, never been approached by any 
other electric telephone. We must congratulate Mr. 
Edison upon the originality of invention displayed 
in this interesting instrument and the great success 
which he has achieved even in his experimental 
apparatus, and in conclusion we must record our 

anks to Colonel Gouraud, to Mr. Adams, and to 
Mr. C, P. Edison (who has brou;ht the instrument 
to this country) for much courtesy and information. 








DISAPPEARANCE OF THE THERMAL 
SPRINGS AT TEPLITZ. 

In our last number but one (vide page 198 ante) 
we gave an account* of the recent disappearance of 
the thermal springs at Teplitz, and we now propose 
to give some particulars of what has happened at 





former notice 


Teplitz since our formerarticle appeared, Contrary 
to the rumours then afloat, the water in the pits 
went on increasing steadily, and it is rising still, 


uniform, The sinking of the shaft at the Ori- 
ginal Spring was begun, we have stated, on the 
22nd of February last. ‘The height of the mouth of 
this shaft above the Adriatic is 205.25 metres. Its 
original area was 9 square metres (963 square feet), 
it was, however, increased afterwards to 3 by 4= 
12 square metres (129 square feet). This enlarge- 
ment took place when Count Clary consented to 
stop his separate sinking operations, and to join the 
common works at the Original Spring. The 
depth of the shaft was increased by about 1 metre 
per diem, When a depth of 4 metres had been 
reached, blasting with dynamite was resorted to, 
and a party of miners was brought over from 
Pribram, as these workmen are better accustomed 
to the work in hard stone and to blasting opera- 
tions. 
On the 3rd of March a depth of 10 metres was 
reached, when hot water was found in a fissure at 
the bottom of the shaft. The report of this event 
spread rapidly through the town, and a general out- 
burst of pleasure was the result. To all quarters of 
the globe telegrams were sent, which announced, 
urbi et orbi, that the spring of Teplitz had been re- 
covered. Of course, the congratulating answers 
came duly in, a telegram from the Empress of 
Austria, sojourning in Ireland, among the number, 
The church bells were frang all through the town, 
flags were hoisted, thanksgiving services were cele- 
brated, banquets were given, and the days were 
spent in festivals, in eating, drinking, singing, and 
making speeches, even old Pegasus was taken out 
of its stable and mounted by valiant _— * to fright 
the souls of fearful adversaries.” short the by 
no means unexpected fact that hot water had been 
met with was celebrated in a manner which was not 
warranted by the circumstances. ‘The level of the 
water was found to be about 192 metres above the 
Adriatic, or some 5 or 6 yards above the then water 
level in the Déllinger. This seems to indicate 
that the hot water is flowing from the spring to the 
pits. It is considered a very favourable circum- 
stance that the water of the ‘‘ recovered” spring 
shows the same temperature as before its disap- 
pearance ; it must, however, not be forgotten that 
this water is practically standing in narrow fissures 
of rocks, which must have themselves a considerable 
temperature in consequence of the hot spring having 
flown past them through centuries. ‘They surely 
will not cool down at once. The real question of 
interest is, whether the water will retain its high 
temperature, when it will be pumped out. At 
present only a very small quantity has been raised 
in order to enable the miners to work in the shaft. 
When, however, pumping will begin seriously, the 
level of the water will be lowered, and it is to be 
feared that some small quantity of the cold surface 
water out of the coal pits will be raised together 
with the thermal waters. This is a point to 
which reference was made in our previous article, 
and we see no reason as yet to alter our views, 
which are shared by many experienced men. 
Nevertheless—errare humanum est—and we shall not 
grumble if facts will turn out otherwise, It is pro- 
posed by the experts to sink the shaft to a depth of 
some 40 to 60 metres (which will be a serious task, 
considering the high temperature of the water and 
the rocks themselves). ‘These deep sinking opera- 
tions will not be undertaken, however, until the 
coming season is over. For the present the 
shaft will be left at the depth of 14 to 16 metres, 
and a pumping engine, which has been ordered at 
the works of Messrs. Breitfeld, Danek, and Co., of 
Prague, will be placed over the shaft in order to 
furnish the baths with the necessary water during 
the next season. The same engine will be used 
afterwards to pump the water from the increased 
depth of 60 metres. It is of the Cornish type, 
double acting, 243in. in diameter, 6 ft. 6} in. mi ~, 
and acts directly on a pump 173 in. in diameter, 
which will raise some 350 to 400 gallons per minute. 
In order not to annoy the public the boilers will be 
placedat a distance of about 230 yardsfromthespring, 
the steam being conveyed to the engine by pipes 
6 in. in diameter. The engine, pump, and two 
boilers (with pipes, &c.), will cost about 1500/., and 
will be delivered May 5th, the order having been 
received by the works on March 8rd. 

The most serious difficulty, however, arises from 
the conflict between the owners of the coal pits and 


the level in all the pits becoming more and more | P 


to any pumping being undertaken at the drowned 
pits, urging that the hot spring would disappear 
again (as it most likely would) if the pits were to be 
um As a matter of course, the owners of 
the pits very justly contend that some pecuniary 
commmmaation must be given to them, if they should 
be -foreed to leave their collieries drowned. At 
their last meeting they also expressed their opinion 
that the proposed sinking of the shaft at the Original 
Spring to a depth of 60 metres through the hot 
water will be almost impossible, and that, if the 
pits were pumped dry, the leakage of the hot spring 
could perhaps be stopped at its origin, and the 
result would be a lasting one, instead of being pallia- 
tive, as at — In all this the owners of the pits 
seem surely to be right, but the municipality of 
Teplitz has prevailed as yet in the struggle, and is 
likely to prevail in the future, as they are much 
favoured by the Austrian Government, as well as 
by foreign influential persons. We shall have 
mee to say respecting this interesting subject here. 
ter. 


LEGISLATION ON OUR RIVERS. 
THREE very im t measures have been re- 
cently introduced into Parliament relating respec- 
tively to the Conservancy of Rivers—the Prevention 
of Floods in the Thames—and the Lower Thames 
Valley Main Sewerage Bill. The provisions of the 
two former relate to subjects that have already been 
frequently discussed in Parliament, and the third 
named measure has been brought forward after 
long discussion for the purpose of disposing of the 
sewage of the Lower mes Valley. The three 
Bills may be said to be supplementary to most of 
the rivers, and Public Healt Acts already passed, 
and several millions of the population, whether as 
regards health, industry, or food supply, would be- 
come affected by each measure if passed. 

The first, and that of the most extensive range, is 
promoted by the Government for the Conservancy 
of Rivers. The Duke of Richmond in introducing 
the Bill remarked that at present there were no 
less than thirty commissions on the subject. Three 
hundred years ago it had been found necessary to 
have some general scheme on the subject, but at the 
present time bad had become worse. ‘The conse- 
quence was that the channels of our streams were 
blocked up, resulting in frequent floods over the 
adjacent country. He referred to a committee 
which was —— in 1877 to consider the matter, 
which after taking much evidence had made a report. 
They recommended that to remove anomalies and 
defects there should be a system of conservancy of 
rivers in future extending over the whole catchment 
area of each river, so far as practicable, placed 
under a single body of conservators; that the ap- 
pointment of conservators should in the first in- 
stance result from the application of the district, 
and that the Board should have power to improve 
the channels, deepen the rivers, keep up the banks, 
and to enforce the Rivers Pollution Act, Lastly, 
the Board should have the power, in order to raise 
the necessary funds, to levy a rate upon the whole 
district. The provisions of the Bill would first apply 
to the establishment of conservancy boards ; second, 
the constitution of the board; third, the duties of 
the board ; and fourth—the most difficult matter— 
the mode in which the rates should be raised so as 
to supply money for carrying out the operations of 
the board. In the first place they gave power to 
the landowners, or to the conservancy boards, or to 
the sanitary boards, to apply to the Local Govern- 
ment Board to propose that the Conservancy Board 
Act should apply to the district. After a full and 
public inquiry, with power to those interested to 
object, a provisional order for that purpose might 
be issued. ” 
The duke then entered into a description of what 
the Conservancy Board should consist of. He pro- 
posed to have two descriptions of members, one 
being for life and the other elected, The latter 
were to be elected by the sanitary board for a 
period of not less than three years. The duties of 
the Board would be to cleanse, embank, and widen 
and deepen the outfall of rivers; they would have 
wer to remove obstructions and to commute the 
Saties of the riparian proprietors in connexion with 
the repair of banks. They would also have power 
to make bye-laws to apply to the surface of the 
catchment basin that was under their supervision, 
aud they would purchase land for other —— 
and they would carry out the Pollution of Rivers 
Act. 
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it was proposed that the necessary rate should be 
made of three classes, viz., the uplands, the inter- 
mediate, and the flood lands. The rate upon the 
uplands should not exceed one-fourth of the whole 
rate, and the flood lands should bear the principal 
burden. It was also ppeers that some lands 
might, if it should be thought desirable, be exempt 
from the operations of the Board; and when ex- 
treme benefit was conferred upon any land, that 
this might be treated as a private improvement, 
and rated accordingly ; there being, however, power 
to appeal to the Local Government Board against 
the rate. Lastly, it was provided that two or more 
near districts might combine, so as to be formed 
into one, 

It will be seen that by this measure a most im- 
portant result should accrue by setting in motion, 


actively, the Rivers Pollution Act, which has hitherto } 


been little more than a dead letter. 

The second measure relates to the metropolis, 
dealing with the Thames, which is expressly excepted 
from the above Rivers Conservancy Bill. Sir J. 
M‘Garel Hogg has introduced it at the instance of 
the Metropolitan Board, as chairman. It is entitled 
the “Thames River (Prevention of Floods) Bill.” 
In moving the second reading Sir James stated that 
the Metropolitan Board of Works had no power to 
make vestries, or district boards, or individuals 
raise the banks of the Thames, but that they had 
urged on these to do all they could to prevent the 
recurrence of disasters by floods. But it appeared 
that in many cases the vestries could not enforce 
the execution of the necessary works, Out of about 
1000 notices that had been sent out by the Board, 
600 had replied to a request.as to advice in dealing 
with the question of remedying the existing state 


of affairs. Sectional plans had been sent to the 


riparian owners. Sir James stated that the Bill the 
Metropolitan Board had intrusted to his care was 
for certain reasons introduced as a private measure, 
sothat the House might pronounce a decision on the 
question. After some remarks by Sir C, Dilke, Mr. 
Raikes stated that he saw no reason why the Bill 
should not be dealt with as a private scheme, The 
main issue to be tried was whether or not the cost 
should fali on the river-side people or upon the 
metropolis generally. Mr. Cross thought that the 
Bill should be carefully considered by a hybrid 
committee, Eventually the Bill was read a second 
time, and on the motion of Colonel Beresford the. 
following resolution was passed, viz.: That the Bill 
be committeed to a select Committee of eleven 
members, six to be nominated by the House, and 
five by the Committee of Selection, and that the 
report of the Select Committee of 1877 be referred 
to the said Committee. That all petitions against 
the Bill be referred to the Committee, and that 
such petitioners as pray to be heard by themselves, 
their counsel, or agents, be heard upon their peti- 
tions, if they think fit, and counsel heard in favour 
of the Bill against such petitioners. That the Gom- 
mittee have power to alter and modify the Bill as 
regards the incidence of taxation for the works pro- 
posed to be authorised by the Bill. On the motion 
of Sir J. M‘Garel Hogg, it was agreed to limit the 
time for the presentation of petitions against the 
Bill to the 8th of March. The Conservancy Bill 
was read a second time during the present week, 
the Duke of Richmond having promised that, as 
far as possible, he should give full force to the 
various suggestions and amendments that had been 
proposed. It was then sent to Committee, 

The third measure to which we have to call at- 
tention is that of the Lower Thames Valley Main 
Sewerage Bill. Mr. Gorst moved the second read- 
ing. It provides for the prevention of the pollution 
of the Thames in the Kingston and other districts 
below Teddington Lock, and has been frequently 
referred to in our columns. Mr, Gorst asked that 
the Bill should be read a second time, and be sent 
to a Select Committee, so that the promoters might 
have an opportunity of proving that by this scheme 
they mes satisfactorily dispose of the sewage of the 
united districts, without polluting the Thames. Mr. 
Sclater-Booth also urged the same view. But Mr. 
Raikes opposed the second reading, and eventually 
after much discussion the Bill was lost by 168 to 
146, or a majority of 22 against the second reading. 

Lastly, we may notice that Dr. Lyon Playfair has 
given notice of motion in the following terms: ‘TI 
beg leave to give notice that on an early day I will 
call attention to the increasing mortality of the 
metropolis, especially from zymotic diseases, to the 
continued impurity of the Thames, from which 
the metropolitan water supply is largely derived, 
and to the consequent necessity of preventing the 





llution of the river, and to move a resolution.” 
t is evident that the condition of our rivers is now 
laced in a fair course for future improvement, 
ut we can hardly understand how the Thames 


Valley Bill was lost when supported by Government | better 


influence, Of course private opposition was most 
active, and here we have another instance of how 
much such interests may affect, even amongst party 
opposition, when publicgood is involved, Our readers 
may perhaps remember how the Birmingham Sewage 
Bill was similarly lost at the last stage in the House 
of Commons some years ago, owing to the opposi- 
tion of two adjacent landowners. It is easy to 
preach charity to our neighbour, but it is neither so 
easy nor so common to practise it if, apparently, in 
opposition to our personal interest. 





THE LATE MR. W. W. COLLINS. 

WE regret having to record the decease of another old 
member of the profession. Mr. William Whitaker Collins, 
whose death from bronchitis took place at his residence 
in Brompton, on Saturday last, after a very short illness, 
For many years he occupied in the profession a position 
proportionate to his attainments, and at all times com- 
manded the respect and esteem of a wide circle of friends 
and acquaintances. He was born in London about sixty 
years since, his father being engaged with the firm of 
Maudslay, Sons, and Field, at whose works the deceased 
gentleman first received practical engineering instruction. 
He was afterwards employed on the construction of the 
Thames Tunnel, under Sir Isambard Brunel, and sub- 
sequently to that was engaged in designing machinery 
under Messrs. Rennie. We then find him occupying 
the position of resident engineer to the Societé d’ Ougrée 
(Belgium), and afterwards that of consulting engineer to 
Messrs. Cockerill’s Works at Seraing. In the year 1847 
he commenced practice as a civil and mechanical 
engineer, and continued in practice down to the time 
of his death. He was at one time connected in various 
business matters with Mr. T. R. Crampton. This was 
about the year 1859, and the business connexion ceased 
some eight years later, but the friendship remained to the 
end. Those who knew his high qualifications and attain- 
ments best knew also his fitness to take a lead in his pro- 
fession, and expected he would do so, The extreme reti- 
cence of his nature, however, disappointed the expec- 
tations of his friends in that respect. Mr. Collins was a 
member of the Geological and Royal Microscopical 
Societies, as well as a member of the Institution of 
Civil Engineers, 








THE ELECTRIC LIGHT. 

Tue recent trial of the electric light in the British 
Museum has induced the Trustees to defer for some time 
their decision in regard to its adoption. The City au- 
thorities have discontinued it both at the Viaduct and 
Billingsgate Market. On the other hand the Metropolitan 
Board has resolved to continue the experiment on the Em- 
bankment for a further period of three months. Last week, 
on the order of the day for the second reading of the Liver- 
pool Lighting Bill (involving the ay aa adoption of the 
electric light) Mr. Raikes stated that in the present session 
there had been introduced no fewer than thirty-four Bills 
proposing to employ the electric light, or some other im- 
proved mode of illumination ; and he thought it would be 
a highly convenient arrangement to submit these various 
schemes [to a Committee. Such a course would prevent 
anything like the same chaos which for some years pre- 
vailed in our my legislation. The first Gas Act— 
that of the London Chartered Company—was passed in 
1810; and since that time a sort of happy-go-lucky system 
had prevailed, and the consequence was a good deal o 
confusion as to the precise rights of gascompanies. There 
was no Bill before Parliament relating to the metropolis 
which raised this question. The Liverpool Lighting Bill 
was, however, one of so much importance, and affected so 
large a population, that it afforded a fit opportunity for 
raising this question. The Bill was promoted by the cor- 
——. J e had also in his wit ee ng which was 

romo’ a company, and opposed by the corpora- 
tion of the ay = these schemes would go before the 
Committee. His proposal would give the Committee a 
rather large order of reference to enable them to lay down 
any canons which it might be desirable to follow in legis- 
lating upon this question hereafter. : 

Mr. Raikes, after the second reading of the Bill had been 
agreed to, moved the following special resolution, which 
was also to, viz.: ‘ That the Bill be committed to 
a Select Committee of seven members, four to be appointed 
by the House and three by the Committee of Selection ; 
that it be an instruction to the Committee that they have 
power to inquire whether it is desirable to authorise 
schemes for lighting by electricity or other impro 
methods ; to consider how far and under what conditions, 
if at all, the use of such modes of lighting should be sanc- 
tioned by Parliament in the case of municipal pam (apenas 
other local authorities, or public companies, to report 
their opinion to the House ; and that such of the petitioners 
a ore tpede Ae A ot Bey fy i 

» or agents upon ti 
sented on or before the 17th day of March) 
heard in-favour of the = — a petit te 

- ~ ; ¢ 
of the Committee.” 


House of Commons will 
probably result in great advantage to the public, as well as 





to the promoters of the-various schemes. The Committee 
that has been appointed is a strong one, and no doubt 
exists, but that : ing ing y Se eee toes 
and electric lighting, will take place in its deliberations. 
The evidence i 
——, “rg ratiy oa arrived ‘ih 
comparative value of these two systems of artificial illumi- 
nation in regard to power and poy 





P THE HOROGRAPH. 
AN instrument for producing fac-simile copies of writing 
being introduced to the public by 
Messrs. Newton, Wilson, and Co., of 144, High Holborn. 
It is called the horograph, and consists of a holder about 
4in. long, and of the thickness of a pencil-case, upon which 
1s mounted a metallic casing about 2} in. in diameter, and 
tin. thick. Within this casing is a train of clockwork, 
py se me a — carried in the tube, and to which 
a rapid reciproca motion is imparted. As the point of 
the needle is Sennalivonanals thrust beyond the lower end 
of the tube, and withdrawn again, it follows that if tra- 
versed over the surface of a sheet of , a line cempaeed 
of ages of Faerie penetares je produced. This is, 
in , the principle of ho: ic wri the punctures 
being produced at an collantted tots pe 10,000 

minute, and the instrument being held vertically in the 
hand during the process of writing. On commencing to 

use the instrument, the clockwork is first wound b 
means _ small key —_ the lindvical — 
casing. ing a 8 sp ver near 
int the ot mee oe is started, “= continues running, so 
ong as the lever is kept down by the thumb which covers the 
lever when the instrument is held in the position 
for writing. On releasing the lever the mechanism stops. 
The clockwork will run for about a quarter of an hour. 
The letter having been writtem, or, in other words, the 
stencil having been completed, it is placed in a frame over 
a sheet of caliuny paper. The passage of an ink roller over 
the stencil produces a fac-simile of the subject of the stencil 

on the paper. In this way a 
be taken in a very short time. 


h ph very closely resembles Mr. Edison’s electri 
the Asereact beng that the writing i er by 

of clockwork instead of electricity. phong qeaerenty 
top-heavy, a very short practice familiarises the hand wi 
the horograph, and its manipulation is then an easy matter. 





CaRDIFF.—The Bute and Penarth Docks have presented 
a more active appearance during the past week than has 
been noticeable for some time past, both with respect to 
imports and exports. A large fleet of steamers has entered 
and cleared, besides a number of sailing vessels which had 
been waiting a favourable wind. Some ships of very large 


ton: have been cleared ; one in particular, the American 
ship J. A. Briggs, with 3100 tons of coal for Hong Kong, 
shipped by Messrs. H. Worms and Co. The demand for 


steam coal continues good, especially for African ports, to 
which several steamers were chartered during the week. 
Freights for the Mediterranean have been firm, and also 
for eastern ports, but French and coasting freights are ex- 
tremely low. The returns show an improvement of 10,000 
tons in coal exported, and about 1700 tons in patent fuel, 
but a decrease of 670 tons in the quantity of iron shipped 
foreignwise. 





Lonpon AssocIATION oF FoREMEN ENGINEERS AND 
DRAUGHTSMEN.—The twenty-sixth anniversary festival 
of the London Association of Foremen En and 
Draughtsmen was celebrated last Saturday at the City 
Terminus Hotel, Mr. BR. C. aoptens C.E., presided, and there 
were over 200 gentlemen and ladies present, among whom 
were Lord Thurlow, Mr. Grantham, Q.C., MP., r. D’A. 
Samuda, M.P., Mr. A, Sullivan, M.P., Mr. J. Puleston, 
M.P., Commander Cheyne, Colonel Sir J. Stokes, Captain 
Devin, a penne Bes “ ge were: me | (the Pre- 
sident), . W. Aubrey, C.E. wh ages | resen- 

an yo ig After 


f | tativés from Manchester, Newcastle, 


the usual loyal toasts, and the Army, Navy, the Reserve 
Forces, and the Houses of Parliament had duly 
honoured, the chairman gave “ ity to the Asso- 
ciation,’’ to which Mr. J. Newton, C.E., responded. He said 
that the Society’s for the past year showed that the 
policy pursued by the managers of the Association had 
proved morally and materially successful even during 1878, 
the gloomiest year the engineering trade had ever known. 
There had been an addition to the members—honorary 
and ordinary—and an increase of nearly 2001. to the funds. 

Iron 1n New ZEALAND.—A remarkable invitation has 
just been addressed to the ironmasters of ~—— and 
America by law f ———— of aay Zealand. - e two 
great islands which form rapidly prospering colony are 
remarkably rich in iron and coal of excellent quality. The 
Government has within a few years constructed over 1000 
miles of railroad, all the materials for which, except the 
sleepers, haye been carried out at a heavy chi in the 
way of freight, &c., from England. Yet the Public Works 
se peas of the colony is even still, with so many lines 

id down and working with a dividend, onl pe at 
the outset of its labours. The present Minister of Public 
Works, the Hon. James , has determined 


to make a bold experiment to the iron industry 
in the colony, and has called for tenders for 100,000 tons of 
steel rails (or any portion thereof) to be man in the 

y from New Zealand ores. A ‘ing 
the fullest information on the subject, eae ae 
and plans, has been published by order of the Government, 
and may be from of the colony, 


the 
ir Julius Vogel, K.C.M.G., at 7, Westminster Chambers, 
eee ree t 7 ciheabdiaioowe-dt thteining extheitis 
information on the subject. 
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THE AYR DOCK. 

So far back as the year 1866, an Actwas obtained for 
the construction of a wet dock at Ayr, but various diffi- 
culties presented themselves from time to time which, for 
several years, prevented the commencement of the pro- 

sed works. Th the year 1874, however, the Harbour 

rustees were put in a position to proceed with the carrying 
out of their original ideas, chiefly through the assistance 
of the late Mr. James Baird, who besides being the senior 
member of the eminent firm of William Baird and Co., of 
Gartsherrie, and of the Eglinton Iron Company, was an 
influential landed proprietor in the vicinity of the town 
of Ayr. Through that gentleman’s advice, however, the 
ideas which had prevailed amongst the Harbour Trusiees 
were considerably altered, and the size of the proposed 
dock was materially increased. 

As may be seen by reference to Fig. 1, annexed, the dock 
is entirely constructed on land reclaimed from the sea ; and 
it may now be stated that the method employed by the 
engineer for the accomplishment of that end has been 
eminently successful. In the first instance only a 

rtion of the site was enclosed by cofferdams or 

rriers, which are shown in plan by Fig. 1, and in section 
by Figs. 19 to 23 of the wore engraving which we 
mblish this week. The reason why a double enclosure 
fad to be adopted was that considerable difficulty 
was experienced in obtaining the necessary clay for 
the dams; indeed, that required for the first barriers 
had to be brought by rail a distance of six miles. 
However, as soon as the first enclosure could be com- 
meneed clay was obtained on the site of the dock in 
sufficient quantity to complete the dams satisfac- 
torily. There can be little donbt also that by resorting 
to the adoption of the double enclosure it was rendered 
possible to make a commencement of the building opera- 
tions much sooner than would otherwise have been the 
case, and in consequence the completion of the works was 
hastened, while an additional safeguard was provided 
against accidents. 

Where the substratum was clay, or where the rock was 
at too great a depth below low-water mark to be easily 
got at, the framework was com of piles placed 10 ft. 
apart, from centre to centre. For a considerable length 
of the outer barrier, however, the rock was too near the 
surface to allow of the piles obtaining hold; and in this 
case frames were used instead of piles, the lower members 
being bolted down to the rock by means of lewis bolts. 
Wherever the piled form of structure was adopted the 
front spaces were filled up with 6-in. sheet piling, which 
was ives down to the rock or clay, according to the 
prevailing conditions. Except in those cases where the 
natural clay cropped up above the level of low water, 
the clay puddle was taken down to about 2 ft. below that 
level; and it was found that the sheet piling was quite 
sufficient to exclude the bulk of water which rose to the 
level—indeed, the amount of pumping required was at no 
time great. 

During the time that the sea barriers were in course of 
construction, ens were being thrown out at right 
angles to the line of the shore, with the object of insuring 
an accumulation of sand and gravel in front of the barriers, 
so as thereby to reduce the force of the sea against the 
works. They were found to answer exceedingly well in 
every respect, in fact, a new beach has been formed out- 
side the works, which is, to some extent, rather greater 
than is requisite, and means had even to be taken to 
prevent the sand finding its way into the harbour. The 
groynes referred to were com of timber and stone, 
the general construction being similar to that of the 
barriers, with the exception, of course, that no clay puddle 
was required. 

In Figs. 2 and 3 there are shown* the elevation and 
plan of the entrance to the dock. As the bottom was a 
compact variety of boulder clay, the sills and foundations 
did not require to be very heavy, the test thickness 
being 5 ft. 6 in., except under the pointing sill stones, 
where there was a deeper trench made which was filled 
with concrete. In length the entrance is 120 ft., and the 
width is 60 ft. at the coping, the depth from which to 
the top of the sill is 30 ft The pointing cill stones, 
hollow quoins, and coping are of Cornish granite, and the 
remainder of the masonry was executed with the best 
freestone of the district. Figs. 4,5, and 6 show cross 
sections of the entrance to thedock, and at Fig. 7 there is 
shown a longitudinal section of the sluices. The internal 
opening of each sluice is 3 ft. square, gradually decreasing 
in depth to 1 ft. 6 in., and increasing in width so as to 
give the same area, but to spread the water over a larger 
surface—the object being to scour mud and silt off the 
outer apron. 

Fig. 8 gives a view in vertical rection of the dock 
wall, the face being of ashlar and the backing of rubble. 
Pipes were built in the wall where required in order to 
drain off the surface water and the leakage through the 
dams, and afterwards closed u ‘ 

The dock gates, which are mate in Figs. 9, 10, 11, 12, 
and 13 of the two-page engraving which we publish this 
week, are constructed of greenheart ben Some 
difficulty was experienced in obtaining the timber, owing 
to the 1 scantling of the principal baulks—the ribs 
being 22 in. deep in the centre, and the heel posts being 





® Figs. 2 to 6 will be found on the two- 
which vo pelldshed the wet bam ene 














20 in. square. Eventually, however, almost the whole of 
the pieces required were obtained up to the full sizes, and 
as completed these gates will bear very favourable com- 
parison with any occupying a similar situation, En- 
gineers are generally of opinion that in salt water, and 
where the dreaded Teredo navalis is present to any great 
extent, there is no species of timber which makes such a 
prams job as greenheart. The great weight of this 

ind of timber is also a strong point in its favour. The 
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THE AYR DOCK. 
MR. THOMAS MEIK AND MR. W. D. NISBET, ENGINEERS. 
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expense. 

Details of the anchors and other parts of the dock 
gates may be seen by reference to Figs. 24 to 27 annexed, 
and Figs. 28 and 29 of our two-page engraving. There 
is no anchor casting, and instead the strap which passes 
round the heel post is bolted directf to long anchor 
bolts, both parts resting in a chase cut in one of the 


granite courses. 

The old North Pier of Ayr, which was a stone structure 
of considerable was removed on the completion of 
the dock works proper, and a new pier north and 
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KITSON’S BEARING FOR 
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in the line of the new basin was substituted for it. 
This new pier is illustrated by Figs. 14 to 18 of our two- 
page engraving. It is constructed entirely of timber, 
the principal pieces of which are greenheart, the re- 
mainder being creosoted Memel. 

In the first instance the dock gates were provided with 
winches, so that they might be worked by hand power; 
but prior to the completion of the works the Harbour 
Trustees decided to adopt hydraulic power for shipping 
the coal, which was expected to be the staple export at the 
dock, and advantage was then taken of that power 
to apply presses to the gates, which can now consequently 
be wrought by either power. In an early issue we shall 
supplement this notice of the dock by an illustrated de- 
scription of the hydraulic machinery just referred to. 

The area ofthe dock and basinis about 7} acres. At high 
water of ordinary spring tides the depth of water is 22 ft., 
and at low water the depth is 12 ft. The railway accom- 
modation in connexion with the dock is at present very 
deficient, as, unfortunately, the Harbour Trustees and the 
Glasgow and South-Western Railway Company have been 
at loggerheads for some time. However, when the first- 
named body are in a position to carry out the original 
scheme of the engineer, which is roughly indicated by 
the dotted lines in Fig. 1, there can be little doubt that 
the capacity of the new dock for coal shipping will be 
second to none in the West of Scotland. Nearly all the 
Scotch ports are behindhand in the railway and other 
facilities required for a coal-shipping trade, and there 
is only one instance in which the shipments have reached 
so high as 1200 tons per day of ten hours at each 
berth in continuous work. The case alluded to is that 
of Burntisland. There is a confident expectation, how- 
ever, that the new machinery at Ayr will surpass the 
amount just mentioned when all the arrangements are 
completed, and the different parties interested have 
settled down to harmonious working. 

Everything in connexion with these works turned out 
as favourably as could have been expected. In nearly 
every case the foundation was as good as, if not even 
better than, the engineer had anticipated ; and that part 
of the excavation which was roek happily proved to be 
sandstone of such an excellent quality that it could be 
used both as rubble and ashlar for building the walls. 
In consequence of these and other circumstances the 
actual amount of work done was less than was provided 
for in the schedule of quantities, so that if the final settle- 
with the contractor had been made on the basis of a 
schedule of prices, the works would have been constructed 
for a sum considerably below the engineer’s estimate. 
This matter, however, is at present under the considera- 
tion of an arbitrator, and therefore we are not in a posi- 
tion just now to give the exact figures, We may recur 
to the subject on a future occasion. 

The works were designed by Mr. Thomas Meik, and 
his then partner Mr. W. D. Nisbet, who is now harbour 
engineer to the Queensland Government. They were 
carried out under Mr. Meik’s supervision, Mr. Walter 
Scott, of Newcastle-on-Tyne, being the contractor, Mr. 
McDennent, Ayr, being the resident engineer. 








KITSON’S LOOSE PULLEY BEARING. 

WE illustrate above an arrangement of bearing for 
loose pulleys designed by Mr. Richard Kitson, of Lowell, 
Mass., and introduced into this country by Messrs. J. H. 
Ladd and Co., of 116, Queen Victoria-street, London. 
As will be seen from the section the bearing of the shaft 
is extended so as to form a sleeve on which the lodse 
pulley runs. A channel is formed along the top of this 
sleeve in communication with an oil lubricator fixed in 
the bearing, and about the middle of the width of the 
loose pulley, a circular channel is formed around the 
sleeve, connecting the upper groove with a shorter one 
on the bottom of the sleeve, a third groove being made 
outside the sleeve for nearly the whole width of the 
pulley and communicating with the second groove by 








LOOSE PULLEYS. 
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means of two small openings, as shown in the section. 
By this means the lubrication of the loose pulley is 
secured. 


PFLEIDERER’S FRICTION CLUTCH. 

M. Pavut Priemerer, of 37, Farringdon - street, 
London, has recently devised an arrangement of friction 
clutch, which forms the subject of the annexed illustra- 
tion. The two pulleys BB’ are loose on the shaft, and 
are driven, one with an open and the other with a crossed 
belt, by means of the clutch placed between them. The 
clutch consists of a disc A larger than the diameter of 
the pulleys, and having formed around it on each side a 
circular projection which fits the inner rim ‘of the pulley 
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as shown ; by traversing this disc to the right or left one 
of the two pulleys is thrown into action. The disc is tra- 
versed by means of a hand-wheel H, mounted on a screwed 
sleeve between the belt G and the collar E. The inner end 
of this sleeve terminates in a circular plate to which the 
clutch disc is bolted as shown. Two rings D D are 
placed on shoulders formed on the boss of each pulley, 
and are separated by distance pieces K passing h 
the plate to which the disc is bolted. This ent 
serves to maintain the desired distance between the two 
pulleys and acts as a guide to the clutch. When the 
latter occupies a central position, both pulleys run loose, 
when the wheel G is turned in one direction the circular 
projection on the disc is brought into contact with the 





inner side of the pulley B, which then becomes fast ; 
when the wheel is turned in the reverse direction, the 
other projection bears against the side of pulley B', and 
this becomes fast, but revolves in a direction the reverse 
of that given to pulley B, which is now loose. For many 
purposes this compact and simple arrangement possesses 
considerable advantages. It been already applied 
largely with perfect success, 


THE ENDURANCE OF STEEL RAILS. 
Does the a of Steel Rails increase with 
the Hardness of the Steel ?# 

By CuHaruzs B. an, Ph. B» Chamiah, Pa. R. RB. Co., 





Waite working, during the summer of 1877, upon the 
“ Chemical ——- and Physical Properties of Steel 
Rails,” the ts of which are given in my rt with 
this title, I was struck with the surprising wear whi 
2 i be called soft rails, 
hadendured. At that time I knew of no chemical measure 
of softness except low carbon, and I found that a number 
of rails with low carbon had ured as high or higher 
tonnage, with apparently as little loss of metal by wear, as 
those with yy carbon. My own work on steel rails 
that summer did not embrace any definite experiments as 
to the amount of metal worn off the rail million tons 
which had passed over it; and so I pots pe no more 
— ja aged 1 4. work, to ‘en question & the 
per, was given by comparing the ap- 
trance of the worn section of the rail with its 4 
his comparison, however, served to arouse in my mind 
the query, whether the commonly received opinion as to 
the relation between the hardness and wearing power of 
steel, is correct, as applied to steel rails. This Egy if 
T am right, is, the harder the steel, the better 
wear and the limit of hardness is simply one of safety ; 
hard, brittle steel being, of course, more liable to break 
than soft, h steel. The query, although aroused, did 
not bear any immediate fruit, and, as will be evident to 
any one i it, the report above referred to was 
written with the commonly received opinion in mind. 
Since that time I have collected a little information upon 
this subject, which I should be glad to submit to the Insti- 
tute, if for no other purpose, for the sake of arousing atten- 
tion, and directing study to the question of hardness versus. 
wear in steel rails. 

Before making known the information, however, - 
mit me a few words in reference to hardness. How 1 
we measuré the hardness of steel? Of the various ways 
of getting indications as to the hardness of steel, which 
are known, three will serve our present pu: . These 
are: 1. High carbon. It is agreed, I think, that 
at least within proper limits, the the amount of com- 
bined carbon in a piece of steel, the harder the steel, and I 
need not do more than mention this fact to obtain your 
assent to it. 2. The physical test of punching measures 
the hardness of steel. Data in regard to the wearin 

wer of hard and soft rails, determined in this way, wi 

given below. 3. The sum of the phosphorus units in a 
piece of steel measures its hardness. Phosphorus units, as 
is fully described in my report above referred to, are an 
attempt to measure the of steel by estimating the 
combined hardening power of the phosphorus, silicon, 
carbon, and manganese in a piece of steel, in terms of the 
phosphorus. Now, by measuring hardness in these three 
ways, I have been able to collect the following information 
with regard to the relation between the hardness and wear- 
ing power of steel rails. 

1. Some two — ago the Pennsylvania Railroad Com- 

y,,in view of the unsatisfactory wear it was obtaini 

tom its steel rails, asked to have more carbon put into its 
rails, with a view of making them harder to resist wear. 
Before the increase, the limits of carbon for rails to be used 
on Pennsylvania Railroad, was from 0.30 to 0.50 per cent. 
After the increase, the limits were from 0.40 to 0.50 per 
cent., thus securing on the average perhaps about a tenth 
of a per cent. more carbonin thesteel. Now, Mr. W. H. 
Brown, chief engineer, Maintenance of Way, Penn- 
sylvania Railroad, informs me that these rails of higher 
curbon are giving poorer wear than before the lower limit 
of carbon was A is opinion of Mr. Brown is 
on his observation of the wear of these higher carbon rails 
and on the number of renewals of these rails, rendered 
necessary by the condition of the track. 

2. Mr. J. T. Smith, Pose ms manager of the Barrow 
Hematite Steel Works, England, read a paper ‘On Bes- 
semer Steel Rails,”” before the institution of Civil Engi- 
neers, in 1875.+ The object of the paper was to show that 
Bessemer steel may be produced constant in quality, and 
that certain inexpensive tests may be applied, which shall 
determine the quality of the metal for railway purposes. 
roposed ae § the fish- 


The test p by Mr. Smith was to p 

plate holes with a aor press, the quality of the 
metal being judged of by the force required to punch the 
holes. This would vender it possible to ins: and judge 


of the quality of every single rail. I must refer you to 
Mr. Smith’s paper for further information upon this point. 
The point which is of especial interest to us now is that 
Mr. Smith examined thirty rails which had been eight 
ears in service on the main line of the Furness Railway. 
he rails were divided into two classes, on the basis of 
the force required to punch a hole j in. in diameter, 
sealed dee thin yeopens © fee cessing Iau. AEE 
requi or this purpose a force varying from ns 
to 524 tons, and were therefore called soft rails; while 
the remaining ten rails required for the same purpose 
a force varying from 564 tons to 82} tons, and were there- 
* A paper read before the American Institute of Mining 
Engineers, October 15, 1878. 
t Sea Institution of Civil Engineers, vol. xlii., 
page 69. 











mnt ane ey. 




















ENGINEERING. 


[Marcu 21, 1879, 





244 
fore called hard rails. The average force required to punch 
the soft rails was about 49 tons, while for the h rails 


this average force was about 64} tons. Mr. Smith likewise 

ives the determinations of the carbon in these rails. In 
the twenty soft rails the carbon varied from 0.28 to 0.32 per 
cent., or an average of 0.30 per cent., while in the hard 
rails the carbon varied from 0.36 to 0.57 cent., with an 
average of 0.44 per cent. Now as to the wear of these 
rails. The wear seems to have been determined by taking 
the difference between the original weight of the rail per 
yard, and the weight per yard of the worn rail, and then 
reducing this to the percentage of the metal worn off. 
Now in the twenty soft rails, this percentage of wear 
varied from 10.38 to 16.24 per cent., with an average wear 
of 13.54 per cent., while in the ten hard rails, the percentage 
of wear varied from 12 to 20.53 per cent., with an average 
of 15.18 per cent. These seem to me very signi- 
ficant, and to warrant Mr. Smith in the conclusion which 
he expresses, viz.: ‘‘ Contrary to what might have been 
anticipated, greater hardness has not conduced t» the 
longevity of the rails, and the softer ones show the 
minimum of wear.”’ 

3. With regard to the wear of rails, in which the hard- 
ness is measured in phosphorus units. On May 23rd, 1876, 
Mr. R. Price Williams read a paper before the Institution 
of Civil Engineers, on “The Permanent Way of Rail- 
ways.’’* In his investigation into the subject of steel 
rails, Mr. Williams found such a surprising difference in 
the wear of certain rails which were side by side, and 
therefore subjected to the same traffic, that he had seven 
of these rails from the Great Northern Railway analysed 
by Mr. Edward Riley. The results as to wear are given 
in number of million tons traffic per y; in. worn off the 
rail. Four of these seven rails, measured in phosphorus 
units, sum up 31, 30, 32, and 25, and may, therefore, be 
called, in comparison with the others, soft rails. The re- 
maining three rails sam up, in phosphorus units, 38, 40, 
and 47, and may be called hard rails. The rails are 
numbered, in Mr. Williams’ series, Nos. 9, 17, 18, 21, 22, 23, 
and 24. Nos. 17 and 18 were side by side, and subjected 
to the same traffic. The es horus units in No. 17 are 
38, and in No. 18, 39, one hard and one soft, as is seen. 
The hard rai) withstood 5,251,000 tons per y in. wear, 
while the soft one withstood 8,402,000 tons r vx in. 
wear. Again, Nos. 23 and 24 were side by side. The 
a a units in No. 23 were 47, andin No. 24, 25, one 

ard and one soft, as before. The hard rail withstood 
15,531,000 tons per x4 in. wear, while the soft rail with- 
stood 31,061,000 tons per 7, in. wear. In Nos. 21 and 22, 
which were side by side, the hard rail shows a little the best 
wear, the figures being 9,283,000 tons per yy in. wear for 
the hard rail, and 7,676,000 tons per ai in. wear for the 
soft rail. If now we take the average of the tonnage 
per 7, in. wear for the three hard rails and the four soft 
ones, the result becomes quite striking. The four soft rails 
withstood an average tonnage of 15,567,000 tons per +4, in. 
wear, while the three hard rails withstood, on the average, 
only 10,055,000 tons per +’, in. of the metal worn off. The 
chemical composition of the one rail of this series, which 
withstood the highest tonnage, viz., 31,061,000 tons per 
yy in. wear, is so remarkable that I cannot forbear quoting 
the full analysis. This rail sums up 25 in phosphorus 
units, and contains : Carbon, 0.270 per cent. ; phosphorus, 
0.100 per cent. ; silicon, 0.020 per cent. ; manganese, 0.259 
per cent.; sulphur, 0.051 per cent.; copper, 0.025 per 
cent. ; and iron, 99.475 per cent. 

If enough has been said upon this subject to direct atten- 
tion to it, my object will have been accomplished. It is 
perhaps too soon to venture conclusions. The indications 
would seem to be, however, that under the conditions of 
wear to which a steel rail is subjected, viz., rolling friction, 
unlubricated surfaces, and great weight with small bearing 
surface, the quality of the metal necessary to most success- 
fully withstand the oe forces, is best expressed 
by the word toughness, and not by hardness. 





THE EXPLOSION ON BOARD H.MS, 
‘“ THUNDERER.” 
(Concluded from page 222.) 

17. Havrna given this description of the general con- 
struction of the fore-turret and its gans and apparatus, the 
Committee propose to continue their rt by a narrative 
of the circumstances preceding the explosion of the gun, 
and by a statement of the copmeqenntne of that explosion. 

18. From the evidence by Captain Chatfield in command 
of the Thunderer, and from other evidence, it will be seen 
that the ship sounded to quarters for target practice on the 
morning of 2nd January last, Tuat the two guns of the 
fore-turret and the two guns of the after-turret were each 
loaded with a battering charge of 110]b., and with an 
empty Palliser shell. Inthe case of the fore-turret disc 
wane being used, but in that of the after turret, where the 
guns, being only of 35 tons weight and of 3 ft. less length 
than those of the fore-turret, are loaded by hand from 
within the turret, and when in a horizontal position wads 
were not used, the water being smooth. That all four 
gans being primed with ic tubes, were coupled up 
electrically so as to be fired from the ‘‘ conning tower,” 
and to deliver what is known as an electric broadside. The 
target at this time was about 400 yards distant, and the 
ship was under steam. On the fi key being depressed 

h the tube of the right gun 


to fire this broadside, altho r 
in the after turret was exploded by the electricity, the fire 
was not communicated to the powder in the cartridge, and 
that admittedly made a misfire, the Committee 
have forced to come to the conclusion that 
of the fore-turret also missed fire. : } 
ave come to this conclusion from reasons which will be 
fally stated farther on in this Repor J ; 
broadside the order was given for independent firing with 
° +” James Institution of Civil Engineers, vol. xlvi., 
page 147. 











empty common shell and full (85lb.) charges. Both guns 
of the fore-turret were thus loaded. The right gan was 
then fired independently, the left gun of the fore turret was 
then fired and burst explosively, killing the officer of the 
turret and eight of the nine men who were within it, but 
leaving surviving, although rendered insensible and much 
injured, one man, Wm. Caswell, No. 2 of the left gun; 
Lieatenant Daniel, R.M.A., and one of the men who were 
on the battery deck outside the fore-turret were also killed, 
and thirty-five men, including Caswell, were more or less 
injured ; the battery deck was filled with smoke, and pieces 
of burning clothing were scattered about the deck, and 
some were driven even into the shell-room. All the lights 
in the battery deck and in the stokehold were extinguished, 
and large volumes of smoke were driven up the funnels, 
while pieces of metal were projected as high as the crow’s 
nest. The full{particulars of the condition of the fore- 
turret and of the burst gun and of the other gun in that 
turret are given in the reports of Captain Morgan Singer 
and of Major Owen, to be found in the Appendix to the 
Minutes. in order, however, to enable this Report to be 
followed without the necessity of referring to the Appendix, 
it will be well to state here that the left gun of the fore- 
turret has the breech piece, with its cascabel screw, and 
the C coil around the breech piece, unfractured and practi- 
cally uninjured, as are also the trunnions by which the 
remainder of the gun is still supported on the carriage ; 
that the “1B coil’’ and the “‘ B tube” are each of them 
broken into numerous fragments; that by far the larger 
proportion of the fragments of the 1B coil have been 
found, and also a majority of the fragments of the B tube, 
so far as that tube was within the turret. That none of 
the forward portions of the B tube, nor of the steel tube, 
viz., the portions beyond about the centre of the thickness 
of the turret, have been found, and it is presumed that 
these have gone overboard. A considerable portion of the 
steel tube remains in the gun; this portion terminates at 
its forward end in a jagged fracture, the fractures com- 
mencing at about 67 in. from the breech end of the bore, 
and being comprised within that point and one about 13 in. 
more forward. In the rear of the fractures there are longi- 
tadinal cracks, which extend to within about 56in. of the 
breech end of the bore, and terminate in circumferential 
cracks. The splinters of the steel tube for about 6 ft. in 
front of the fracture have, most fortunately, to a very ~ 
extent been found; there have also been found within the 
turret one forward stud from a shell, and one piece of a 
stud and a socket with its collar from a wad used in the 
left gun of the fore-turret have also been preserved, having 
been hung up on a pin on the battery deck after loading. 
The gun carriage of the left gun is injured at the fore part 
by blows received from fragments of the ‘‘1B coil,”’ and 
at the rear is damaged to a slight extent, the recoil having 
driven the buffers of the rear transom of the carriage home 
with such violence as to force them through that transom. 
The slide is much twisted. The whole of the hydraulic 
gear in the turret, notwithstanding the severe shock to 
which it has been exposed, a shock greater than it is ever 
likely to receive in action, is uninjured, so that not only 
have the Committee been able to work the right gun by it, 
but, were they not prevented by reason of the damage done 
to the left gun carriage and the slide on which it travels, 
the remains of that gun might also have been worked hy- 
draulically. A similar remark may be made with respect 
to the hydraulic loading gear, all of which is in perfect 
working order. The right gun has been struck by frag- 
ments, but not so as to injure it in the least, while its 
carriage has been sprung about a couple of inches out of 
truth. With respect to the fore-turret itself, the | pee 
damage has been done to the roof, the girders and splinter 
proof gratings of which have been more than two-thirds 
carried away. Near to ogee of the left gun the internal 
lining of the turret is injured, one of the armour plate bolts 
is broken and another is started, and the plate has slightly 
moved, but the turret is capable of being revolved and of 
being locked both by the hydraulic locking bolt, which 
remains in perfect order, and also by the deadlock bolt. 

19. With respect to the evidence that has been taken by 
the Committee, this will be found in detail in the Minutes. 
The following list contains the names, stations, and duties 
of the witnesses, the names being stated in the order in 
which the witnessss were called before the Committee. 

Captain Chatfield; Lieutenant H. W. Gibson, the 

nnery lieutenant; Mr. Martin Jackson, additional 
Ccotewain, who was attending on the battery deck to load 
the guns of the fore-turret ; Sub-Lieutenant John Frazer, 
who was stationed in the crow’s nest to watch the shot 

ractice ; John Cornish, able seaman, and William Grin- 

m, third-class signalman, who were also stationed in the 
crow’s nest watching shot practice; James A. Morgan, 
captain of the maintop, who was in the crow’s nest 
attending the Gatling gun, but (the gun not being 
used) was watching the practice ; George Snell, A.B., also 
attending the Gat: ing gn in the crow’s nest, but watch- 
ing the practice; John Wills, armourer’s crew, who 
was in the crow’s nest under similar circumstances ; 
William Caswell, captain of the mizentop, No. 2 of left gun 
in fore-turret, the sole survivor of those who were in the 
turret; Thomas Randall, leading seaman, who was 
stationed at the starboard hydraulic loading gear ; George 
James Hobbs, armourer, who was on the battery deck near 
the fore-turret to fit fuses and gas-checks, and whose duty 
eS ry Re condition of - electric contact 
rmgs; Mr. re mer, engineer, who was attending 
on the battery deck near the fore-turret ; in Andrew 
Noble, + (late R.A.), a member of Sir William Arm- 


st 3 ; rt J; Gribbell, leading stoker, who 
picked up the stud; Mr. Robert Philips, engineer, who 
° the piece of.a stud; Mr. John Kite, gunner; 
illiam Brackey, ee ee: -who was on the battery 
deck to attend to the indicators of the hydraulic loading 


gear, and to screw up the staffing-bores of that if 
required; John Detnis Crone,’ ‘able stamai, wae ws 


end of the bore, and. 1 ft. in advance of the 


employed at the starboard loading gearof the left gun of 
the fore-turret ; John Mortimer, second captain q “ 
deck, and No. 5 of the port loading gear for the right gun 
of thefore-turret ; David Sloper, gunner’s mate, who was 
No. 40f the — gun in the after-turret, the gun which 
missed fire; and Lieutenant Stewart, who was officer of 
the after-turret. 

20. With respect to the experiments that have been made 
by the Committee, the full particulars are to be found in 
the Appendix to the Minutes, but the following statement 
gives briefly their nature, and the objects with which they 
were made. 

21. The Committee have experimented on the right gun 
of the fore-turret to ascertain: 1. What is the downward 
tendency, if any, of any common shell when placed in the 

an in the loading position, this position being 114 deg. 
aeetelen ? 2. Whether there was any downward tendency 
in a cartridge when placed in the gun in the loading 
position—(a), when rammed home by hand, and(b), when 
rammed home with shot and wad by the hydraulic rammer ? 
and if there were no such tendency, what was the power re- 
quired to make the cartridge move downwards under such 
conditions? 3. To ascertain whether it were possible to 
withdraw an entire wad by the rammer. 4. To ascertain 
whether by repeated ramming the socket and collar of the 
wad could be separated from the disc, and if so, what 
would be the effect upon the socket and collar? 5. 
Whether if a socket became detached and were rammed up 
while lying on the bottom of the bore against the disc it 
would cause the disc to cant, and whether, if it canted, the 
canting would render it incapable of upholding the pro- 
jectile. 6. To ascertain the strain necessary to pulla wad 
out of thegun. 7. To ascertain whether the rammer might 
always be relied on to ram home the charge. 8. Whether 
if the indicator were out of order there was anything in the 
behaviour of the rammer to inevitably call the attention of 
the person using it to there being a charge already in the 
gan? 9. Whether on attempting to sponge out, there being 
a charge already in the gun, the appearance of the water 
would inevitably cause the person using the rammer to 
know that there was a chargethere? 10. To ascertain the 
time required to run the gun in and out hydraulically. 11. 
To ascertain the ability of the metal to bear tensile strains, 
even after having been subjected to the explosion. 

22. With respect to the appearance presented by a minute 
and detailed inspection of the remains of the gun, a careful 
examination of the splinters of the steel tube showed that 
at the rear ends of the three splinters numbered on sketch of 
development (see Minutes, 1, 2, and 3), there were abrasions 
which must have been caused when these splinters no longer 
formed part of the complete bore of the gun, but after they 
had become splinters, and had been slightly tilted out of 
the true line of the bore into a sort of conical figure, 
the base of the cone being forward. This point is proved 
not merely by the angle which the abrasions make with the 
general surface of the splinters but by two other circum- 
stances. The first of these is that on the portions of the 
tube remaining in the gun, to which portions the rear ends 
of these three splinters fit, there are not any corresponding 
marks nor any marks of abrasions whatever, as there must 
have been had the abrasions of the splinters been made 
when these formed one continuous piece with the portion of 
the tube remaining in the gun. The second circumstance 
is that the front end of the breech piece projecting beyond 
the point of fracture of the tube has been levelled by the 
pressure upon it of the splinters 1, 2, {and 3, when in an in- 
clined position. The abrasions on these three splinters are 
not such as could have been caused by the splinters having 
after explosion come into contact with any foreign sub- 
stance, as they are regular and continuous abrasions, and 
show that they must be due to the passage over the splinters 
when in an inclined position after fracture of a projectile, 
which must of necessity, therefore, have been in the rear 
of the point of fracture at the time of the bursting of the 
gun. ‘There are other marks on splinters Nos. 12 and 13, 
the most forward splinters which have been preserved, 
which show that after the bursting, and when the pro- 
jectile was in rapid motion, these splinters were deeply 
abraded by it while they were in an inclined position, but 
as these splinters were on the front side of the point of 
bursting, while splinters 1,2, and 3 were in the rear of 
the point, the inclination of the splinters 12 and 13 was at 
the time they were struck in the opposite direction to the 
inclination of splinters 1, 2, and3. ‘The steel tube, which, 
as already stated, was_made of 12 in. bore, is at the front of 
the part remaining in the gun expanded to 12,8; in. in 
meter ; a small portion of this expansion is due to the open- 
ing of the cracks, but by far the larger portion arises from 
the steel having been stretched, the stretching being 
greatest in the grooves. The conoidal increase from 12 in. 
to 12¥%; in. occurs in a length of about 18 in. to 20 in. 
The rear end of the 1 B coil remains in the groove provided 
for it between the breech piece and the C coil, but only a 
few inches ,s0 remain, the 1 B coil having beenf 
circumferentially all round in or near to the groove; the 
faces of the fracture are much abraded, and prove that 
there was not any tendency to endway rupture, but that, 
on the contrary, the burst was one which acted radially, 
and did so while the parts were thoroughly pressed together 
endways. The appearance presented by the fragments of 
the 1 Beoil make it clear that the burst commenced at 
about the centre of that coil, or about 7 ft. from Gok 
abrasion on the rear.ends of the splinters 1, 2, and 3. 

23. Having now called attention to the list of witnesses, 
and to their stations and duties on the day in question, 
to the experiments carried out.and to their object, and 
having stated the appearance mted, on a minute ex- 
amination, by the remains of the gun, and some of the in- 





f to be drawn from such appearance, the Committee 
will oe to on the most important branch of 
the ing confided to them, namely, what was the cause 
of the bursting of this gun. In dealing with this 
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question the Committee think it will be more satisfac- 
tory if they 
of that which they have satisfied themselves is the true 
cause, but comment upon all the various suggestions that, so 
far as the Committee know, have been made, even although 
some of these suggestions do not, in the opinion of the Com- 
mittee, demand serious consideration. 

24. The true causes and the various suggested causes 
may be summarised as follows : 

a, That the gun being sound, and being used in a normal 
manner, burst use it was inherently too weak. 1. 
The weakness arising from faulty design. 2. The weak- 
ness arising from bad materials. 3. The weakness arising 
from bad workmanship. 4. The weakness arising froma 
combination of any or all of the foregoing causes. 

b. That the gun not being inherently too weak had been 
injured by previous cracks, and was thus rendered unsafe 
to fire the 85 lb. charge. 

c. That the gun being neither inherently weak nor pre- 
viously inju was burst by the projectile becomin 
jammed in the gun. 1. Jammed by the wad. 2. Jamm 

y the studs. 3. Jammed by the breaking or by the 
‘* setting up’’ of the projectile. 

d. That the gun being assumed perfect as above, the 
bursting was caused by an air-space being left either be- 
tween the cartridge and the breech end of the bore, or 
between the cartridge and the projectile, or by both, such 
air-space being caused: 1. By the charge not having been 
rammed _— etely home. 2. By the projectile having 
come forward, either in consequence of no wad having been 
used or in consequence of the wad having been withdrawn 
or being inefficient. 

e. Error in loading, viz., that the gun being assumed 
perfect, the gun had been loaded with an empty common 
shell and full charge, and it had been ascertained by the 
priming wire, after the gun was brought to the horizontal 
position, that the charge was not home, and that there- 
fore the gun was again brought to the loading position for 
the mere purpose of re-ramming, but the only visible signal 
between those inside of the turret and those on the battery 
deck being ‘‘ sponge and load,” this signal was literally 
obeyed, and a second common shell and 85 1b. charge were 
— in on the first such charge, which still remained in 

e gun. 

f. Also error in loading, viz., that the gun being assumed 
perfect, the explosive bursting was due to the battering 
charge and Palliser shell remaining in the gun, owing to a 
misfire at the electric broadside, and to the insertion into 
the gun of the full charge and common shell, in addition to 
the battering charge and Palliser shell, and to the gun 
hee J fired at the independent round when thus doubly 


25. As regards the suggested cause a, the inherent weak- 
ness of the gun rendering it unfit to withstand an 85 Ib. 
charge. 1. With respect to such weakness being due to 
the faulty proportions of the gen. The Committee desire 
to call attention to the following facts: 1. That the com- 
panion gun, which has been most carefully examined, 
shows no signs whatever of having been distressed by the 
78 rounds which have been fired from it. 2. That a pre- 
cisely similar gun was used experimentally by the Com- 
mittee on Explosives, and according to the information 
given by Captain A. Noble, a member of that Committee, 
after having fired 65 rounds, and being entirely uninjured, 
was bored out to the larger diameter of 12}in., and was 
further experimented on with a great number of rounds of 
various charges and description, and that then the tube, 
which was full of holes to receive the gauges used in the 
experiments, having been removed, and another tube sup- 
plied and bored to 12}in., the gun was received into the 
service. 3. That up to the end of last year a large number 
of 38-ton guns of 12}in. bore, but otherwise identical 
with the 38-ton guns of the Thunderer, have been made ; 
many of these guns have been passed into the service, all of 
which have been proved, the proof invelving two rounds 
with at least 150 lb. of P? powder, and one round of at 
least 130 lb. of similar powder, the projectile used weighin 
over 800lb., and in no case has one of these guns failed 
under proof. 

26. Further, in respect of these guns, the following list 
shows that three of them which have been selected as good 
— have been fired with the nature and number of 
rounds set opposite to them, and the information given in 
the column of “‘ Remarks” is sufficient to prove that the 
guns have stood in a manner wholly inconsistent with the 
suggestion that they are inherently took weak from faulty 

esign. 





do not confine themselves to a mere statement | 


| steel tube shows that that must have been of a very tough 


nature and, so far as it is possible to judge by the eye, firm 
surfaces, which have been torn asunder with the excessive 
violence that gave rise to the fracture here. These sur- 


steel and the iron. 

28a. Moreover, the test pieces give, as a reference to the 
Appendix will show, a mean tensile strength of 36.83 tons 
per square inch of original section of the steel specimen, 
coupled with an extension of 114 per cent. ; and a mean 
tensile strength for the wrought iron of 20.159 tous 
square inch of original section of the iron specimen, coupled 
with an extension in the 2in. of 28} per cent., results 
which the Committee consider thoroughly satisfactory, 
especially bearing in mind that the splinter and fragment 
from which these samples were cut had been subjected to 
severe strain by the explosion. 

With reference to the steel specimens, it should be noted 
that owing to the great difference of mass to be tempered, 
the tenacity to be expected from specimens cut from the 
tempered steel tube of a heavy gun would be less than that 
afforded by similar specimens taken from the tube before 
it is tempered, and which are themselves then tempered 
separately and tested, as is the custom in testing the steel 
of tubes in the Royal Gun Factory at Woolwich. 

in experiments seem to show that this difference 
may be7represented, in some cases, by an addition of as 
much as 33 per cent. to the tenacity of the specimens from 
the tempered tube. 

If in this case an addition of 33 per cent. be made, the mean 








tenacity represented by the steel tested by the Committee 
would be over 48 tons per square inch. 

Nore.—Such experiments were carried out at Elswick 
with steel tubes for a 100-ton gun, and for a 10-in. gan of 
18 tons. 

29. With respect to inherent weakness being caused b 
bad workmanship, inspection shows that the welding an 
other workmanship have been good throughout. 

30. With regard to the s-7~ cause b, that the gun 
not being inherently weak had been injured by previous 
cracks, and was thereby rendered unsafe to fire the 85 lb. 
charge, the Committee desire to call attention to the follow- 
ing facts : first, that the rearmost of the cracks is as far for- 
ward as 57 in. from the breech end of the bore, and that 
such a position is inconsistent with all experience, and is 
also inconsistent with what — be expected to be the 
position of the place of origin of cracks arising from the 
normal use of the gun. The highest pressure of the powder 
is exerted in the powder chamber and just in front of it 
naturally therefore it is here where the commencement 0: 
eracks might be looked for. The examinations that have 
been made and the gutta-percha impressions which have 
been taken, under Major Owen’s directions, show that there 
is not any, even the minutest crack at the vent, at the 
commencement of the grooves, or indeed anywhere to the 
rear of the cracks in the neighbourhood of the fracture, 
57 in. away from the end of the bore. Further, it is im- 
possible that the enlargement of more than 4 in. which 
exists in the bore at the front of the fracture could have 
been made while the wrought-iron envelope of the tube was 
intact. Had the cracks existed prior to the round which 
burst the gun, unaccompanied as they must have been by 
any such enlargement of the bore, it follows that notwith- 
standing the gun would under such circumstances have 
burst, from the gas passing through the cracks to the out- 
side of the steel tube with sufficient pressure outside that 
tube to burst the wrought-iron envelope that surrounded it, 
and that such pressure must have been exerted at the same 
time on the outside of the steel tube, that tube must have 
been stretched 14 in. in its circumference by the mere 
surplus of the internal pressure above that which prevailed 
outside. It is clear this would have been wholly insufficient 
to have thus stretched the steel tube. It may be well not 
to pass without remark the fact that an examination of the 
‘‘ gas escape’ shows that no gas has passed through it, but 
looking at the distance which exists between the cracks and 
the place of the gas escape, and bearing in mind that in the 
case of these guns there is not a continuation of the 
gas escape channel spirally around the steel tube, 
the Committee do not attach any weight to this 
circumstance. Further, even assuming it to be possible, 
first, that in the absence of cracks at the vent, or 
anywhere in or near the powder chamber, cracks could have 
been made by the ordinary use of the gun as far forward as 
these cracks ; and, secondly, that although they existed, it 
would have been possible for the mere surplus pressure to 





stretch the steel tube. The marks of abrasion on splinters 




















Number of Gun. Bod +f Powder. Projectile. REMARKS. 
1 271 ‘From 130 lb. to} 
| 1701b.... —_...| About 800 Ib. | In the service. 
12 217 |As above Ditto Ditto. 
303 503 (Varying up to 
Experimental 200 Ib. a Ditto This was originally a 35-ton gun altered to 38 tons. 





27. The Committee desire to draw attention to the fact 
that not only is the 12}-in. gun weaker than the 12 in., 
because the walls of the steel tube are jin. thinner, but 
that these guns are strained by about 4 per cent. more 
than the 12-in. guns on account of the larger area ex- 
posed to the pressure of the gases. With such evidence 
it is hardly necessary to give the fourth reason, namely, 
that calculation shows these 12-in. to possess a 
8 h far in excess of any strain that can come upon 
them from the normal use of even a battering charge of P 


powder, 
28. With res: to the suggested inherent weakness 


arising from defective materials, the great extension of the 








1, 2, and 3 prove conclusively that the explosion occurred in 


front of the projectile. 
81. With respect to the suggested cause c, that the gun 
being neither inherently weak nor previously injured, was 


when being used under normal service conditions burst b 
he gael ile becoming jammed in the gun, and as 

the supposition that this jamming was done by the 
wad, the Committee will on this point refer to the use by 
both services of wads known as wedge wads ; these consist 
ied on grummets or on canes and 
rammed into the guns, so that the are jammed fast 
in between the projectile and the of the bore. No 
instance of harm arising from these wads is known; and, 


faces indicate good and sound metal, both as regards the | wed 





indeed, it is difficult to believe that, looking at the nature 
and strength of the materials of which the gun is com 
it could be possible for mere wooden — to do it 
injury. It appears clear that the t of hard w 
ges being acted on by the ure of the shot when 
they are thus placed must be the absolute easy des i 
of the wedges themselves, unless, indeed, they skidded 
along tbe gun. If corroboration of this view were " 
reference might be made to the way in which such wedges 
would be crushed into a thin film by a through an 
ordinary 8 cane mill. But if wooden wedges carefully 
driven in n the projectile and the walls of the bore 
have not succeeded in wedging a projectile so as tod 
the gun, and indeed could not so succeed, still less possible’ 
is it that a papier maché disc wad, which is but inserted 
into the bore of the gun, and is not at all interposed between 
the walls of that bore and the projectile, should be capable 
of wedging it. Even, however, assuming that it were 
possible for wads to —— jam a projectile, there is in 
this casa the evidence afforded by the gun itself that the 
bursting did not arise from such a cause. The abrasion on 
splinters 1, 2, and 3 was first made by a passing gon 
and that abrasion is far in the rear of the point of bursting, 
and must in point of time have been made after the fracture 
had taken place in advance of the projectile. This reason 
applies, of course, equally to the second and third a 
modes of jamming, namely, by the studs or by the . 
ing up” or “up setting” of the projectile itself, and con- 
names | proves the gun did not burst by a projectile being 


ammed. 
: 32. With respect to the su ted} cause d, that the 
un, when containing only a full charge and a ened 
an on account of there being an air-space. The Com- 
mittee will deal with this subject in the following order : 
1. That even in the absence of the evidence afforded by the 
abrasion, it can be proved naan se demonstration that 
there was no air-space at all. 2. That if there were, the 
effect of it would not have been sufficient to burst the gun ; 
and 8rd, having regard to the evidence given by the 
abrasion on splinters 1, 2, and 3, they will show that with- 
out doubt there could not have been any air-space. The 
first way in which it is suggested an air-space might have 
been left is the failure of the rammer to send the charge 
home in the . The evidence of the witnesses is clear 
upon the point that the first ramming up was followed b; 
two or three further blows, and that this was the gen 
ice. But there is another and an undoub f 
hat the cartridge had so near to the end of the 
as to be beyond the vent, and that proof is that the gan went 
off. The second way in which it is vate an me 
might have been left is that the ‘ge pouty 
thoroughly rammed home, but the projectile not being 
Law, a upheld, it slid someway down the bore of the gun 
while depressed at the loading angle of 11} deg. One way 
in which this might have happened would have been from 
the omission to use a at all, but there is the most 
positive evidence that the wad was put on the rammer, and 
in corroboration of this the Committee have the socket, 
with \its collar (mark No. 1), which came off this very wad 
after it had been rammed in. Moreover, when no wad 
is used and the projectile is rammed up against a cartridge, 
the resilience of the cartridge gives the projectile a 
start, and inevitably sends it the whole way down the 
bore and the loading tube, following the rammer in its 
retreat. These considerations sufficiently dispose of the 
suggestion that no wad was used. The third and last 
suggestion to account for the existence of an air-space is 
that the wad was used, but that the rammer parti or 
wholly withdrew it, and thus allowed the projectile to 
come down ; or that if not withdrawn by the rammer, the 
downward tendency of the projectile overcame re- 
sistance of the wad. With respect to this downward tendency, 
the Committee have ascertained by actual experimunt (see 
Appendix) that the downward tendency where there was no 
friction was 130 lb.; the friction as determined by the 
power required to force the projectile upwards is all but 
equal to this, and thus the effective downward pressure 
sa net eumnet ate 5 Ib, no ne ms ee it is — 
possible, by pu e ectile up gun so as no 
touch the idge, and by means of this want of contact 
to be deprived of thé start given by the resilience of the 
pp 2 to leave the —— in the gun while in the in- 
clined loading position, although no wad is used, thus con- 
ny conclusions deduced from the friction experi- 
ments before stated. The fact being that though the pro- 
jectile will generally run down the bore, even when unaided 
y the spring of the cartridge, it does so with such little 
energy as to be successfully upheld by a wad offering but a 
slight resistance. With respect to the resistance the wads 
do offer, it will be seen on reference to the experiments 
that a wad having been fitted with a strong becket and a 
rope, soas to enable a good pull to be got, required eight 
men to start it from its seat, and a pretty steady pull of 
some two or three men to draw it alongthe bore. The 
Committee being provided with accurate gauges, selected 
from about 100 wads one that had the smallest disc and 
the largest socket among the unaltered old pattern wads, 
and inserting thissocket into the rammer head, which it 
fitted tightly, sent the wad up the gun with the object of 
seeing whether the rammer would or would not bring it 
down, but the hold of the dise in the gun was too great, and 
the whole wad was-left up in the gun. Thejsame result 
happened when an endeavour was made to securely —_ 
the socket in the rammer head. The socket (No. 1), with 
its collar before referred to as having been brought down by 
the rammer head on the occasion of the loading the round 
immediately before the bursting of the gun, shows con- 
clusively that, first, the charge was repea‘ ; 
and, secondly, that the disc was left in the gun. Onin- 
cpoition otto: 1 it will be seen that the front of the socket 
tube is fair with the front of the collar 
around the socket tube immediately at the back of the 
collar there is a band of a light colour. This arises from 
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the tube (the front end of which was originally made so as 


ject as far in advance of the collar as is equal to the | 


to 
thickness of the load) having been driven back through the 
collar, and thus exposing at its back the light colo sar- 
face of the paper which had been within thecollar. Socket 
and collar No. 2 havethe tube driven partly through the 
collar, this socket resulted from an experiment by the Com- 
mittee as to whether repeated blows with the rammer would 
not detach the socket and tube collar from the disc, and also 
drive the socket through the collar by its — end 
striking against the disc which remained fir ed in the 
bore. ‘The fact, therefore, of the socket ‘collar No. 1 
having been separated from their disc, and being in the 
condition in which they now are, proves that the charge 
must have been rammed home with several blows, con- 
tinued even after the disc was quite separate from the 
socket, and remaining in the gun to act as the anvil, so to 
speak, on which the tube was beaten and driven through 
its collar. A further iment was made to ascertain if 
a detached socket were by chance lying on the bottom of 
bore, and were driven up against the disc remaining in the 
=, it woald cant the disc, and whether, if canted, the 
ise would then fail to uphold the ile. As the result 
the disc was canted, but it still upheld the —— the 
socket and collar, however (see No. 3), were so distorted in 
the operation as to be immediately distinguishable from 
socket No. 1. Moreover, there is clear evidence that socket 
No. 1 came out on the rammer head, and did not slide out 
along the bottom of the bore of the gun. 

83. The Committee have dwelt at this considerable length 
yams the question of the behaviour of these wads because 
they know that not only was there a general feeling that 
the di to the gun was due to the wads nosing failed, 
but because they have had before them the official corre- 
spondence which from time to time has gone on on this 
subject ; and the Committee feel bound to state that after 
gi that correspondence their most careful and earnest 
attention, and after hearing the evidence of Mr. John 
Kite, the gunner of the Thunderer (who has been in the 


ship ever since she was commissioned), they are convinced | p 


that there was no real foundation for the statements that 
the rammer had ever withdrawn the wads so as to allow 
the projectile to come down. On the contrary, the proof 
is very strong that the discs, the acting part of the wads, 
remained firmly fixed in the bore of thegun. It would ap- 
pear that the first 340 wads supplied after the ship was 
commissioned (see sample sent) had sockets, whi 

the hole in the rammer head was conical. On three occa- 
sions the rammer brought out the socket, but on each of 
these occasions it failed to bring out the disc, and the discs 
had to be extracted by means of the worm. This shows, 
both by the worm being needed to get the disc out and by 
the rammer tearing away the socket from the disc, instead 
of bringing out from the the socket and the disc to- 
gether, that the disc, so far from being loose in the . 
was a thoroughly tight fit in its bore. It is evident from 
the correspondence the sole foundation for the s tion 
that the discs, the acting part of the wads, and the pro- 
fa a archers ieee 

Pp e idge nata , and that thus 
the misiire oceurred. To show how groundless such an 
idea is, the Committee will refer to an experiment (see 
Appendix) which proved that a “full charge’ oneite, 
even when rammed home by hand and not by the hydraulic 
ranmer, required 461b. to start it down the gun and to 
maintain the downward motion. That the battering charge 

uired, as might be expected from its extra weight, a 
still stronger pull both to start it and to keep it going, and 
that when the hydraulic rammer was used to ram home 
pe change the resistan:e to start it downwards was some- 
what in , 

The Committee are convinced that the cartridge havin 
once been sent home in ramming could never have quitt 
its position. It is probable that part of the blame that was 
cast upon the wads may have arisen from the fact that the 
priming wires supplied to the ship were only 23 in. long, 
or sufficient to penetrate but a jin. into the bore; too 
short a distance to enable a i charged with pebble 
powder to be with certainty ‘‘felt."’ In fact when the 
Committee tried the hydraulic apparatus to ascertain 
whether it rammed the c home, the first answer made 
from within the turret to their inquiry was that the cart- 
ridge was not home, immediately followed, however, by a 
counter statement that it was. On going into the turret 
to perry as it vy that a 23-in. wire had been used 
and had failed eel” the cartridge, which was touched 
yn employment of a clearing wire brought on board by 
the sergeant of an who was taking the gutta-percha 
impressions. It would seem, however, that before any 
priming wires were supplied, and for the purposes of the 
experimental firing prior to the first Commission, Mr. Kite 
had made two wires of 26in. long, but the service wires 
were in the turret, and if these were used instead of the 
long ones the cartridge might frequently be reported as not 
to be *‘ felt,’’ alt , in truth, it was quite home. With 
respect to the misfires establishing the absence of the 
cartridgo, the Committee themselves witnessed one misfire 
of a service electric tube oe | to oo connexion, 
and, as already stated, the right gun of the after-turret, 

by hand when in a horizontal position, un- 
missed fire in the morning of the 2nd of January, 
although its tube — The fo considerations 
have convinced the mittee, as they have already stated, 
that there was never any real foundation to support the 
complaint that the disus, the acting part of the , were 
withdrawn by the rammer so as to allow the projectile to 
slide back, and that, so far from the cartridge naturally 
following under such circamstances, it requires a stro’ 
pull to start it on its downward journey, and a 
sustained pull to keep it going when it has been s . 
34. In conclusion of their upon the wad question, 


which is 


" pon 
the Committee remark that on the complaints bei 
may plaints being 


were given to pare down to a conical form 





the sockets of the remainder of the 340 wads before being 
used, and that 80 wads of a new pattern were received in 
which the sockets were made of a conical shape. An in- 
spection of socket No. 1 shows that it was one of these 
new pattern wads that was used with the round that burst 
the gun. Having thus shown that it is proved almost to 
demonstration, even in the absence of reference to the 
abrasion on splinters 1, 2, and 3, there was no air-s at 
all, the Committee will now give their opinion that if there 
been it would not, with the charge used of pebble 
powder, have afforded a sufficient cause for the bursting of 
the gun. The effect of an air-space must obviously be to 
diminish the average pressure upon the base of the pro- 
jectile. That this is true is proved by the lower velocity 
imparted to the projectile by any given charge when an 
air-space is left, and clearly, if the air-space were 
arranged by distributing the powder uniformly along 
a greater length of the bore that powder, if suitably 
ignited, would exercise not only less eoenas penente buta 
less maximum pressure than if concentra in a shorter 
length ; but if the powder be of the ordinary length in the 
bore, and if a space be left between it and the projectile, it 
is possible, especially if the powder be of fine grain or of 
explosive quality, to obtain a high maximum _ pressure, 
such pressure, however, being confined to limited spaces 
situated —- hee nae et reech end of by bore or at 
or near the base of the projectile, according as sere» 
may be near the projectile or near the breech end of the 
bore. Thus greater pressure, which is technically known 
as wave pressure, is due to the gases and any unconsum 
wder being put into rapid motion along the bore, and 
— shot, as it were, at the base of the projectile or at 
the bottom of the bore, and on being thereby arrested in their 
forward motion and having a portion of their energy re- 
converted into pressure. at, as has been stated, this 
pressure is vaty loon and acts upon only a narrow band of 
the circumference of the bore, and as this band is sustained 
by the portions of the gun on each side of it as well by its 
own inherent strength it successfully withstands the local 


ressure. 
35. On this subject the Committee would refer to the re- 
ports of the experiments made by the Committee on Explo- 
sives, aud also to the evidence of Captain Noble (see Minutes 
of Proceedings) as to the effect of the air-space in the 
100-ton gun. 

36. Bat the Committee will once more refer to the abra- 


hile | sion marks on splinters 1, 2, and 3, to show that the bursting 


took place in front of the projectile, and that therefore an 
— which was behind it could not have caused the 
ursting. 

37. With respect to the s ted cause e, that the gun 
having been loaded with a fall charge and empty common 
shell, and bronght to the horizontal pen, was sup) 
not to have had the i. roperly rammed home, and 
then was returned to the loading position for the purpose 
of mere re ramming, but was by error, and in literal obe- 
dience to the tell-tale si given from inside the turret 
** sponge and load,”’ rel with a second full charge and 
empty common shell, while the first loading was still in 
the gun, and that then the round was fired with these two 
ce Such a condition of things would entirely account 
for the bursting, and for the appearances presented by the 
remains, but there is no reason to suppose that a mistake 
of this kind was made, and, moreover, an inquiry into the 
number of shell on board proves that one has not thus been 
fired away. 

38. The Committee have now to report upon caues/, the 
cause which they are unanimously convinced is that which 
barst the gun, namely, that the gun having missed fire at the 
time of the electrical broadside, and this misfire not 
having been noticed, the gun was ey to receive the 
full charge and empty common shell for the independent 
firing, and did receive this charge and shell while the 
battering charge and the Palliser shell were still in the 
gan. The Committee desire to refer to di m Fig. 5 in 
the Minutes of Evidence, which shows the position that 
would be occupied by the respective charges under such 
circumstances. It will be seen that the first 23 in. are 
occupied by the battering charge, that the succeeding 
32 in. are taken up by the Palliser shell and its wad, or, 
allowing for the socket and collar, 36 in. were thus occupied. 
This would place the rear of the full charge at 64 in. from 
the breech end of the bore, and the full charge being 22 in. 
long, its front end would be as much as 86,in. from the same 
point. Assuming the gun to be fired under these circum- 
stances the battering charge would be ignited by the tube, 
and the flame from this, before the expansion of the “‘ gas- 
check’’ fully took place, passing forward would almost 
instantly ignite the fall charge. At that time, however, 


the Palliser shell forward, and have violently compressed 
the fall charge in front of it, and probably have driven it 
somewhat forward in the gun, and thus the point of maxi- 
mum effort of the exploded compressed full charge would 
have been just about in the centre of the 1 B coil, namely, 
90 in. from the breech end of the bore. An explosion of 
85 lb. of powder, thus compressed, and having a shell in 
front of it, occurring in this place would unquestionably be 
sufficient to burst the gun, the burst extending backward 
until arrested by the front end of the massive breech piece 
and ‘‘C coil” around it. The steel tube would have | 
stretched and splintered as it is, and the splinters would have 
been tilted into the form of a double cone, the bases of the 
cones being at the centre of the explosion. While thus 
tilted, thejaction of the rear projectile, the Palliser shell, in 
coming forward would have abraded the tilted up rear 
ends of splinters 1, 2, 3, without making mark on the 
part of the tube from which they had teen Weeben away, 
which part would be below the tilted up ends, and in its 
farther and rapid movement fo: would, if it had strack 
any of the splinters of the steel tube forward of the centre 





of the burst, which splinters it will be remembered would 
be tilted in the opposite direction, have made marks on 


the ignition of the battering charge would have driven | gear 





those splinters agreeing with such a condition of things, 
Now such marks are found on splinters 12 and 13. Not 
only, howerer, do the abrasions on splinters 1, 2, 3, and 
the marks on 12 and 13 show that splinters were 
traversed by a projectile while t were thus tilted in 
reverse directions, but, as has ly been noticed when 
describing the condition of the remains of the gun, the 
front end of the breech coil is made into an incline or bell. 
mouth from the pressure exerted on it by the splinters 1, 
2, and 3, when they were thus tilted. There is another 
circumstance which agrees with the conclusion that at the 
time of the bursting there was a Palliser shell in the gun. 
It has been already stated that a fore stud of a shell was 
picked up in the turret. The Committee have caused studs 
to be removed from Palliser shells and from common shells, 
a3 well from those on board ship as from others in charge 
of the Daputy Commissary General of Ordnance Stores at 
Malta. Owing to the fact that the cavities for the reception 
of studs are made in the Palliser shell when it is cast, and in 
the softer metal of the common shells are made by drills, the 
appearance of that part of the stud which has m driven 
into the cavity of a Palliser shell is very different from that 
of the corresponding part of a stud which has been driven 
into the drilled out cavity of a common shell. The re- 
covered stud presents the rough appearance of one which 
has been in a Palliser shell. It is of course just possible 
that the stud may have come from a common shell and 
may have received exactly such an injury as would deface 
the appearance presented by a common shell stud, and 


ed | would cause it to resemble one from a Palliser shell, but 


such a contingency is obviously an extremely remote one ; 
unless, however, it be assumed to have occurred, the stud 
that was found in the turret must be accepted as having 
come from a Palliser shell. There is another circumstance 
which amounts nearly to a proof that when the gun burst 
it must have had a weight of powder in it far exceeding 
the 85lb. fall charge, and that is the violence of the 
recoil, which drove the carriage home with such force 
that the buffers on the rear transom pierced it, and 
this took place notwithstanding the hydraulic cylinder 
was in full operation to stop the recoil, and that owing 
to the extra velocity the resisting pressure within that 
cylinder must have been far higher than usual. It 
will be observed that the Committee, in stating their 
grounds for arriving at the cause which burst the gun, have 
referred to no other evidence than that offered by the re- 
mains of the gun itself, and by also, for what it is worth, 
the evidence given by the stud, and by the recoil, and have 
not even brought into account, as they might have don, 
the fact that every other suggestion which has been put 
forward fails commonly when considered alone, but always 
when considered in relation to the evidence given by the 
remains of the gan. The Committee have attached so 
much importance to the evidence of this inanimate witness, 
because 1t is not liable to the errors arising from want of 
observation or to those arising from forgetfulness or 
to those which in this case may well be due to the 
terrible shock sustained by all who were witnesses of 
the disaster. No doubt many of the statements given in 
evidence before the Committee are inconsistent with the 
conclusion to which the Committee have unanimonsly arrived, 
but, on the other hand, this evidence is contradicted by 
other evidence which accords with the conclusion of the 
Committee. Undoubtedly if the Committee were satisfied 
that those who believe the burst gun was fired at the 
electric broadside were not mistaken, then it would be im- 
possible to attribute the bursting to the gun having been 
tired with the battering and the full charge in it at the same 
time, but the Committee, after most careful consideration, 
have come to the conclusion that those who give this 
evidence must be mistaken. It is admitted by every one 
that it is impossible to tell with certainty on the firing of 
an electric broadside whether the sound and concussion are 
due to the firing of one gan only or of two guns, and with 
respect to the evidence affo by the recoil, it must be 
remembered that part of the run in being always done by 
the 3 pea apparatus, No.1, if he were a smart man, 
would probably reverse his lever directly he heard the ex- 
plosion. In proof of this it may be mentioned that when 
the Committee ordered the men to goortion gun drill before 
them with the right gun, No. 4 did so reverse his lever the 
instant that the tube exploded. With respect to the time 
required for running in hydraulically, the experiment made 
by the Committee shows that the entire run in is completed 
in from 8 to 13 seconds, while half the time would be suffi- 
cient to move the gun to the extent to which it would be 
carried by the recoil. Moreover it must be borne in mind 
that in the fore-turret of the Thunderer is the first applica- 
tion in the British Navy of the hydraulic running in and out 
, and that the men who work the guns had only joined 
in October last and had had but two previous opportunities 
of seeing shot practice on board, and all their previous 
experience must have given them the conviction that 
if a gun got back without severe manual labour 
it must have done so by recoil. Moreover the guns were 
being fired to windward, and there would have been a 
certain amount of smoke in the turret from the gun which 
was undoubtedly fired at the electric broadside that would 
probably have obscured the left gan from the officer in 
charge of the turret, whose position was on the wing plat- 
form to the right of the right gan. Under these conditions 
the Committee cannot attach weight to the sugges- 
tion that the absence of recoil must have been noticed. 
Another circumstance has been stated in the evidence 
which is opposed to the » ion that the gan was not 
fired at the electric broadside, viz., that smoke was seen to 
come out of the muzzle on the withdrawal of the rammer 
after sponging out, but this statement is absolutely denied 
by others who were present. Another reason has been 
given why the gun must have fired, vis., that water was 
seen issuing from the loading tube on sponging out after 
the electric broadside, but on cross-examination this ques- 
tion of the water turns out to be entirely in favour of the 
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gun not having been fired, inasmuch as it 
preparing for the round at which the gun t, the gun 
was sponged out and no water came down, that thereupon 
a question was asked by one of the men as to whether the 
pressure was on, and the gun was in consequence responged, 
while on the second occasion a little water made its appear- 
ance. The Committee, however, have satisfied themselves 
by experiment that such appearances can arise from the 
water being given off by the wet sponge. There is one in- 
cident whieh. so far as it goes, is, no doubt, in favour of 
both guns having been fired, and that is, that while ordi- 
narily the port compass only in the wheel-house is unshipped 
by the concassion of the guns, unless reviously removed, 
which appears to be the practice, on this occasion the star- 
board compass was nea Hr ; but the effect of concussion 
in the wheel-house may obviously be so much varied by the 
position of the guns, or by the force and direction of the 
wind, that the Committee do not think any importance 
should be attached to this occurrence. The last head of 
evidence as to whether both of the fore-turret fired at 
the electric broadside or not, is that afforded by the number 
of shot seen to be delivered from that broadside by those 
who were watching it. It must be remembered t the 
target was only 400 yards distant, and that thus less than a 
second was available from the time of the _ to the time 
when the shot reached the neighbourhood of the target. 
Captain Chatfield and Sub-Lieutenant Frazer, who were 
watching the practice through glasses, are clear that they 
saw three shot from that broadside, and this was the 
opinion of a man of the name of Cornish, but four or five 
men who were in the crow’s nest with Sub-Lieutenant 
Frazer and Cornish, and were also watching the practice, 
all state that only two shots came from the broadside. 
These men were nof using glasses, and at su near a range 
as 400 yards, in the opinion of the Committee, persons not 
using glasses are more likely to be able to form an accurate 
judgment than those who are restricted to the limited field 
afforded LS a glass. 

39. With respect to the second matter submitted to the 
Committee for their consideration and report, viz., whether 
any and what precautions can be adopted to prevent a re- 
currence of the explosion, the Committee have to report as 
follows, viz. : 

40. The double loading of the gun which caused its dis- 
astrous explosion seems to have been due, more or less 
directly, to the following circumstances : 

4. Misfire of the gun. 

2. The running back of the gun by hydraulics being mis- 
taken for its actual recoil. 

3. The deficiency of a mode of clearly indicating to the 
numbers loading the point to which the sponge or head of 
the hydraulic rammer had reached in the bore. 

41. It is also possible that the chances of such double 
loading taking place would have been diminished if better 
means of communication during practice had existed be- 
tween those inside the turret and the numbers outside on 
the battery deck. 

In order, therefore, to prevent even the slightest chance 
of such an accident occurring in the future, the Committee 
recommend that precautions should be taken with regard 


to these points. 
1. Misfires. 


42. It is evident that a considerable proportion of mis- 
fires take place when broadsides are fired by electricity, 
and that steps should be taken to remedy this defect. 

43. The Committee are aware, however, that the perfect- 
ing of this mode of firing is now under consideration, which 
will lead. to the adoption of the necessary 
remedies. 


2. Possibility of Mistaking the Running in of a Gun 
by Hydraulics for its Recoil upon Firing. 
_ 44. When it is intended to fire a broadside from a turret, 
it is found that for a person standing even inside the turret 
the ear is not always able to detect whether both 
have actually gone off or whether only one has been fired, 
as has been previously noted. 

45. Knowing this, and supposing much smoke in the 
turret, it is not difficult to conceive that, under the con- 
ditions as to running in by hydraulics existing at present 
in the fore-turret of the Thunderer, such a mistake as ima- 
gining that the gun had recoiled when it had been merely 
ran back by hydraulics might possibly occur. 

46. Seeing how short a time is required for running back 
the gun by hydraulics, and knowing that this method must 
with these guns be always employed to assist recoil, in 
order to bring them to the loading position, it seems quite 
possible that the error alluded to might recur. 

47. It is absolutely necessary, however, to make such a 
recurrence impossible, and the Committee would suggest 
that some plan should be adopted by which the lever actuat- 
ing the hydraulic running in gear should, during practice, 
be locked when the gun is in the firing position, and re- 
main so locked until released by the recoil of the gun up to 
a certain ona point. 

48. In this way the number attending to the lever could 
not n to run in the gun until a part of the actual recoil 
had t — t.e., unless the gun had really been fired. 
During the adjustment or attachment employed for 
this purpose might be altered or removed, so as not to 
interfere with the drill. 


3. Want of some Certain Method of Indicating to the 
Loading Numbers the Position of the Sponge (or Head 
of the Hydraulic Rammer) in the Bore. 

tending to the 
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49. It is evident that the numbers at 
sponge and rammer should be able to know to a certainty, 
by watching a dial, marks on the rammer, or otherwise, 
when the s is home against the bottom of the bore, 
and also when the rammer head in loading has pushed the 
projectile to the proper distance up the bore, according to 
the ae of the charge and nature of projectile used. 

50. index arrangement emplo in H.M.S. Thun- 





derer is evidently not to be depended on, while it is not pos- | Finland 





sible to utilise the rammer stave for the above purpose as 
it is at present adjusted. ‘ 

51. Captuin Noble, of the Elswick Ordnance Company, 
informed the Committee that the rammers to be used for 
H.M.S. Dreadnought are provided with indices which are 
perfectly trustworthy, which give all the information re- 

uired, and which are in duplicate for each rammer, also 
that in case of both indices getting out of order the rammer 
could no longer be used. 

52. If these hydraulic rammers and indices are found to 
act perfectly, the required conditions would be fulfilled. 

53. The Committee would suggest, however, as an ad- 
dition or alternative plan, that the hydraulic. rammer 
should be so arranged as to give the necessary information 
to the loading numbers by means of marks on the rammer 
stave itself. 

54. It might be possible to do this by modifying the 
rammer, so that the inner and smaller tube should first 
advance its whole length into the bore, and should then be 
followed and pushed forward by the larger joint of the 
rammer. 

55. This larger joint of the rammer could in that case be 
marked to all intents and purposes as though the rammar 
consisted of one piece, and anything wrong in sponging or 
loading could be at once detected. 

56. Communication between the inside of the turret and 
outside to the loading gear on the battery deck. 

The communication of orders and information from in- 
side to outside the turret, or vice versd, is, first; by the 
voice, or passing the word through the entrance ports; 
second, by fixed “‘ tell-tales.”’ 

57. The position of the officer in charge of the turret is 
on the wing platform, where he can, by standing up with 
his head above the turret, have an ‘‘all round” view; 
when sitting down he can look into the reflecting sight, 
and also see what is going on in the turret. 

58. In order to communicate directly with the officer 
superintending the loading on the battery deck, he must 
either stoop well down, get off his ‘platform, or pass the 
word through one of the ports. 

59. The tell-tales are worked by handles, and convey in- 
formation by pointing to or opening out brass plates having 
words engraved on them. 

69. The inside handle gives the order to the numbers 
outside to ‘‘ sponge and load ;”” when the operation is com- 

leted the intimation “ right gun loaded” or “left gan 
loaded’ is opened out inside the turret by a handle work- 
ing outside. 

61. The Committee recommend that the means of com- 
munication between the inside of the turret and the battery 
deck should be improved by the fitting of voice pipes from 
the wing platform, and although they are not prepared 
with a complete arrangement, suggest the possibility of 
devising a dial that might effect the required object. 

62. Although the Committee have not been officially re- 
quested to make the following recommendation, they beg 
leave to be allowed to express their unanimous opinion that 
in order to restore confidence in guns similar to that which 
has — the fellow gun should be sent to England 
and should then be subjectéd to a series of tests, and 
should finally be loaded and fired with a double charge 
similar to that which the Committee are convinced burst 
the left gun of the fore-turret of the Thunderer. 

e have the honour to be, Sir, 
Your most obedient servants, 
W. G. Luarp, Rear-Admiral and 


Chairman. 
Henry Boys, Rear Admiral. 
MorGan S1InGcer, Captain, R.N. 
W. L. Dumarssa, Colonel, R.A. 
JouHN F. Owen, Major R.A. 
F. W. J. Barxer, Captain R.A. 
F. J. Bramweu, F.B.S., M. Inst. C.E. 


(Assessor). 
The Secretary of the Admiralty, Whitehall. 


NOTES FROM RUSSIA. 

Railway Taxves.—The Government has just established 
taxes on railway and steamer tickets. Passengers of the 
first and second-classes will pay 25 per cent. of the cost of 
the ticket, third-class passengers 15 per cent- On goods 
sent by quick trains 25 per cent. of the cost of carriage will 
be collected. 


Railway Bridge over the River Volga.—Not far from the 
town of Sysran, a large railway bridge for the Orenbour, 
line is now in course of erection. The work was commen 
in 1877, in summer, and it is believed that the bridge will 
be eueeee for traffic in the middle of 1880. The breadth of 
the Volga in this place is 7 furlongsand 140ft. The bridge, 
which is of iron, is suppo by twelve stone piers, of which 
three are completed, the erection of the remaining piers, 
My means of iron caissons, is going on very energetically. 

he height of each pier is about 87} ft. from low water, 
and 42 ft. above high water. As during high water the 
left bank of the river is inundated, the bridge on this side is 
connected with the town of Samara by anearth dam 4 miles 
in length. The iron spans are 364ft. each, they are 35 ft. 
high, and 14ft. wide. The construction of the iron work 
of the bridge is being executed in Belgium; the total 
weight of the iron to be used is about 6800 tons. The 
iron parts are erected and rivetted together on the 
neh ank of the Volga on a wooden scaffolding 49 ft. 





The number of workmen employed is about 2250, 
talian masons. For the transport 


among them are some Itali 

of the materials three steamers and 73 are used. 
The barges are of different sizes, and jae of from 250 
to 830 tons. For the construction of the bridge, besides the 
ironworks weighing 6800 tons, the following material will be 
employed: 2500 tons of iron for the construction of the 
caissons and other work ; about 17,000 tons, of cement ; 
nearly 170,000 tons of stone; 6000 tons of granite from 
, and 120,000 pieces of various timber. The cost 





of this enormous enterprise is estimated to be 4,630,000 
roubles. 

Snow Drifts' on Russian Railways.—In Russia, during 
winter time, the snow grea i the traffic, and lines 
are often closed for se days, and even weeks. 
many lines, for the protection of the rails from snow, the 
sides of the road are supplied with permanent or portable 
wooden shelters. Out of 13,000 miles of railway lines, 
4700 miles suffer from snow drifts. For the protection of 
these lines 6450 lineal miles of shelters are in use. . 
however, is an insufficient quantity for the protection of 
the lines on both sides of the rails, and the regularity of 
the traffic on these lines suffers much in consequence. 

Curious Use of Dried Bread,—During the late war: 
owing to the blockade of the Black Sea, in Odessa, the 
price of a pood of coal reached nearly 1 rouble, The con- 
demned biscuits for the army could be bought.in quantities 
for 15 to 20 — per pood. Some manufacturers were 
using them with profit as fuel for the heating of their boilers. 

Russian Machine Lubricants.—In Russia there are about 
fifteen works in the manufacture of. lubricants. 
Most of them prepare colophony engine oils. The following 
shows the composition of some of these : 


1. 2. 3. 
Colophony ... bie bes 20 
aoe ks <3 a 7 
Paraffine ,, die hee 15 14 
Lime a iia woo! 25 15 16 
It is rather astonishing that the use of ne is limited in 


the preparation of Russian lubricants, notwithstanding 
that ne is very cheap in the mineral oil regions of 
North Caucasus. 

St. Petersburg Tramways.—The number of accidents in 
1878 on the lines of the second tramway company was as 
foto rith bh d carri 396 

ith horses and carriages ... 
Persons injured eee ies es | 80 
The length of the company’s lines is about 54 miles. 

Artesian Well in the Crimea.—The boring of this well 
—which is situated near t'1e village of Aybara—was com- 
menced in 1869, and is now completed. It is the deepest 
well in Europe, it being 2513 ft. deep. 

Russian Telegraphs.—The Telegraphic Department has 
just issued a report on the state of the Government lines in 
1877. Up to January 1, 1878, there were 44360 miles of 
lines, for which purpose 86,075 miles of wire had been used. 
There were 930 stations, using 2062 Morse and 106 Hughes 
instr uments. The number of galvanic cells was 63,896 ; 
8111 persons were employed, i ating the administration ; 
out of them 679 are female telegraphists. The net profit 
in 1877 was 6,588,919 roubles and the number of tariff 
tel ms sent 4,193,980. The total length of private lines 
(railway, &c.) is 11,840 miles. For the erection of new 
lines in 1877, 569,752 roubles were assigned. 


FOREIGN AND COLONIAL NOCES, 
American Mechanical Industry.—Sharp’s Rifle Com- 
pany, Connecticut, has recently recei through the 
Austrian ambassador at Washington the great gold medal 
of the Austro-Hungarian empire. The risburg Car 
Company, Pennsylvania, has received an order for 100 
gondola coal cars. 


Improved Dock House for Steamships.—The Cunard 
Steamship Gougens contemplate important improvements 
on their pier, No. 40, North River, foot of Clarkson-street, 
New York, and work under a contract with Mr. F. Row- 
land, proprietor of the Continental Iron Works, Brooklyn, 





: i i brea . design is to wei _ — 
or the accomm n passengers an whic 
will serve as a model for structures of a simi character. 


The pier as it came into possession of the company is ono of 
the best in New York, and most capacious, being 538 ft. 
in length by 73 ft. in breadth. It will not be reconstructed, 
but will be ered more substantial by introducing heavy 
pine timbers, thoroughly bolted and fastened together, as 
a foundation jfor the massive superstructure of iron and 
wi The roof trusses are to be composite, i.e., they will 
consist of wooden rafters, with iron tie-rodg and struts. 
That portion of the structure devoted to freighting will be 
24 ft. in height from the dock er to the tie-rods, while 
the front section will be two stories high, extending the 
entire width of the pier, and will be 50 ft. deep. This space 
will contain the offices, passenger and waiting-rooms, 
connected by stairways and galleries ; also capacious store- 
rooms. Both buildings, the front and rear. will have a 
series of trunk ventilators on the roof, extending almost 
through their entire length. Eight large derricks will be 
in recesses of the freight house, to be used in 
ndling ry loading or unloading, while the steam- 
boilers, of 65 horse power each, will furnish either motive 
wer or heat, as may be required. The sides and ends of 
he building will be covered with galvanised and corrugated 
sheet iron ; the roof will be tinn There will be two main 
entranees or truckways to the wharf, each 13 ft. wide and 
16 ft. high, provided with roiling iron shutters, while an 
entrance for , nearly 5 ft. wide, protected by 
iron will be on either side. 

Lehigh Valley Railroad.—The Lehigh Valley Railroad 
Company, has engines and 24,454 cars, including all 
classes. a ne Oana and 150 house cars 
were built at Packerton, and one e in the eastern 
shops. The general freight traffic in 
cent. greater than in 1877. The receipts from rs, 
express, and mail were 37,655 dols. less than in the pre- 
vious year. The company has 639 miles of track. 

Steel in Pennsylwania.—The steel works at Baldwin, 
Pennsylvania, are to be much enla , plans for a new 
rail mill of the largest capacity being in course of prepara- 
tion. 
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PRICH LIST OF MATERIALS. 
. THuRsDAY, Marcu 20, 1879, 
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IRON PRICES AND IRONWORKER®S’ 
WAGES. 


Arrempts haye more than once been made to regulate 
the rate of wages of ironworkers, mechanically, according 
to the rise or fall in the prices of manufactured iron, by 
“sliding scales.” These attempts have usually been of 
comparatively short duration, and they have been usually 
adopted where boards of arbitration or their equivalents 
haye preceded them; and usually there is a return to 
that preceding system. It not be uninteresting to 
tracea littlein detail the proportion which the average price 
of iron has borne to the wages paid to the ironworkers. 
Our fullest information is in the northern ironworking 
district, for the records of the Board of Arbitration supply 
authentic figures. It may be stated that on two occasions 
there have been “ sliding scales” adopted in the iron trade 
of the north of England, but both have been suspended, 
and there is now a reversion to the slower and costlier 
method of special arbitrations whenever there is a pressed 
claim for a ane in the rate of w For four yearsafter 
its establishment the Board of Arbitration and Conciliation 
in the Manufactured Iron Trade of the North of England 
had an easy task before it—the determination of the rate of 
the increase flowing from the increased prices of iron, but 
since that period it has had the harder task of determining 
& om edhe fF in _ S i of the ironworkers. 

8 , it may id that, since 1868 the rate 
of yea ers’ m! in the north of England has risen from 
8s. per ton to 18s. 3d,, from which latter figure it has de- 
eens ete by Hey Sekt now at 7s. per ton, the in- 
crease decrease reflec in very + degree the 
rise and fall in the price of manufactured iron. Attempt- 

to trace these movements in pr ce and wages, it must 
be e in mind that there is not an immediate influence 
on wages, Where special arbitrations haye determined the 
rates, the quarterly returns prior to these arbitrations 
have y formed the basis of the arbitrator's decision, 
and it is thus evident that the rate of wages for any 
given period reflects the previous prices of iron. The 
average price of iron in the north, it may be added, reflects 
in very considerable degree the fluctuations in the classes 
of iron of which it is com , and therefore the average 
is affected, but on the whole the average price of the whole 
manufactured iron may be taken as afair test. Below 
we give the rates at several periods, prefixing the average 
price which may be said to 


ve chiefly determined that 





rate. The average price and the wages of the puddler® 
were as under at the times named; 


. Puddlers’ 
Average Price 

per Ton, _ Wages per 
£8. 4d. s. d. 
1868 s+. 6l 3 8 0 
1873 ... ll 8 4 13 3 
1874 ... 10 18 il ll 6 
1875 7 10 4 8 3 
1877 6 17 1 8 3 
1878 . 6 7 4 7 6 
879 18 7 7 0 


In all these instances the rate is given free from the 
extras, such as level hand money, &c., and the average 
price is that of the whole of the iron manufactured by the 
associated firms for the quarter preceding the date of the 
award, It will be noticed that all the rates—whether 
those of awards by arbitrators or umpires, or those de- 
termined by the “ sliding scales,”—bear a rough general 
approximation to the old rule of the puddler, which de- 
fined the relation of wages to prices as ‘shillings to 
pounds and a shilling over.” This is the standard which 
prevailed in Staffordshire for a considerable period, and 
was called by some the ** Thorneycroft,” standard ; it 
being a more liberal one than that which had been general 
in the iron trade, and which was based on “shillings to 
pounds.” Under the old scale, with prices as in the 
north of England towards the end of last year—about 6/. 
per ton, if no minimum had been adopted—the rate of 
wages would have been 6s. per ton for puddling, an almost 
unknown rate; whilst the “Thorneycroft” standard 
would have given 7s. per ton from the same price-base. 
Above seven years ago a *‘ sliding scale” or means of mecha- 
nical adjustment of the rate of wages to the price of iron 
was adopted based on the last-named standard. A later 
arrangement was made, which defined a maximum and a 
minimum rate within which the sliding scale should 
operate, but this was abandoned a little over three years 
ago, and since that period claims for reduction in wages 
have been usually referred to arbitrators and umpires. 

It is remarkable that whatever the method of decision 
in the north, there has been a tolerable unanimity in the 
general basis, which has been shillings to pounds and a 
shilling over. It is doubtful whether prices will sink 
much Ree than they are at present, though the returns 
for the earlier quarters of the present year may reflect 








the lower prices now known to prevail. When the change 
in the iron trade does take place, the upward movement 
will be attended with claims for enlarged rates of wages 
by the workmen, and this the more because some of the 
extra payments have been discontinued. These probable 
claims for higher rates of wages would be easily met, if 
any satisfactory means of adjusting rises in prices to 
rises in wages could be devised; but without this the 
special arbitrations will need to be reverted to—a method 
of determining wages less easy in its operation, slower, and 
perhaps on the whole less satisfactory than that of the 
other means. The mechanical determination on a given 
basis gives to masters and men early benefit from any 
change in the prices’; it is inexpensive in its operation ; 
and as the class of iron produced is tolerably settled 
now, it could be defined with comparative ease. 





Lazer Gas Lamps ar WESTMINSTER Brrpez.—The 
Chartered Gas Company have erected at the refuge, north 
side of Westminster Bridge, four very powerful gaslights, 
in order to show the capabilities of gas for street lighting 
on a large scale. The burners are Wigham’s t, 
being the same as those in lighthouses, and for 
the signal light on the clock tower of the House of Commons. 
The burner consists of a number of fishtail jets placed close 
together, so that the upper extremities of their 
touch each other, producing an increased light, greatly 
beyond the multiple of their single flames. To obviate the 
smoke which is caused by the combination of so many 
jets, an oxidiser of talc is suspended over the flame, 
means of which a current of air is brought in contact wit 
its most smoky , rendering it not only smokeless, but 
exceedingly white. The combustion is also assisted by & 
bottom cone, for equalising the current of air to the flame. 
The oxygen of the air is thus twice availed of, first at the 
bottom of the flame, through the medium of the several 
fishtail burners ; and, , at the top of it, where its 
action raises to a white heat the large quantity of solid 
carbon found there. The advantage of this 
the argand consists in its having no glass chimney, which 
not only does away with the expense of breakage 7 
trouble ‘of cleaning, but permits of increased volume 0 

ight. The illuminating power of each burner is equal to 

about 400 s candles, the consumption is about 60 ft. 

per hour. ‘The gas burners are enclosed in lanterns, glazed 

with opal and muffed . Both the lanterns and pe ag 

undson and Co., gas engineers, 
estminster. 


are made by Messrs. 
19, Great Gounge-stvest, Wi 
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THE DRAINAGE OF LAKE FUCINO. 
By CHartes CLAUvSsON. 

Tue official journal of the kingdom of Italy a few 
weeks announced that a Commission of Govern- 
ment Engineers had been sent to inspect and 
formally approve the drainage works executed under 
the concession by which Prince Torlonia obtains the 
title to the lands formerly covered by Lake Fucino. 
This short ph, scarcely noticed even in 
Italy, chronicled the final stage of one of the most 
remarkable triumphs of engineering science. An 
undertaking which, first planned by Julius Cesar, 
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Lake Fucino was situated ° os es of the 
Appennine range (see map on the following page), 
eons 50 miles mocthonst of Rome, and $900 4 
above the level of the sea, It occupied a crater with- 
out issue, which received the rainfall of a consider- 
able district. Constantly varying in extent, accordi 
to the greater or less predominance of rains or o 
drought, it must have been from the earliest periods 
a cause of fear and dismay to the border inhabitants. 

Without notice or warning they would find their 

destroyed and their homesteads swept away ; 
and when after long years the invading waters 
occasionally receded, no traces of former prosperity 





Leggett Peony yates rs A high road was to 
be cut through the Appennines, brin Rome into 
nearer communication with the Kast, while the drain- 
age of the lake was to be executed contempo- 
raneously with that of the Pontine Marshes, and 
with the construction of a great seaport at Ostia. ¥4 

Ceesar’s successors were too mony engrossed by 

olitical strife and sensual indulgence to follow up 

is plans. It was not until the reign of Claudius, that 
the increasing difficulty of provisioning Rome in- 
duced the Imperial Government to cole the means 





of developing agriculture in the neighbourh 
ine eigt + 5 g neig ood of 
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severely taxed the resources of Imperial Rome, and 
after eighteen centuries of abandonment has been 
brought to successful completion by the pertinacious 
energy of a single private capitalist. 





By twenty-four years of labour, with an i- 
ture of about two millions s , Prince Torlonia 
has reclaimed 35,000 acres of the arable land, 
and has chan the face of a whole " 
bringing health, industry, and rity, where 
fever and pauperism previously undisputed 
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remained, but only the seeds of fever and of 
death. 

With primitive man, terror breeds veneration, so 
the aborigines. worshipped the lake as a 
thirsty demon. The Roman invaders likewise bowed 
down to it, and erected altars to Angitia, the 
dreaded deity of sickness and anguish 





The Romans were, however, & Practical S| 
us 


and finding pra unavailing. 
deungined ox a draining the ‘lake, when 


was suddenly cut short. His schemes were con- 























Then, as in recent times, there were men willing to 
undertake the drainage of the lake on condition of 
receiving the reclaimed lands as compensation. But 
the courtiers of the Emperor Claudius persuaded 
him that it would be more to his for, that the 
State should pay for the work, and to his profit 
that the lands recovered should be his. 

The plan adopted was of the simplest kind. A 
subterraneous channel was to drain the waters of 
the lake into the River Liri, flowing within a short 
distance, but at a considerably lower level. The 
designs must have been by an en 


prepared ineer 
blood. | of great merit and proficiency in hydraulics. With. 


tunnel until then ever thought of were 
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error in the conception, but to fault in the execu- 
tion of the work. After seventeen centuries of 
oblivion, the reconstruction of the ancient emissary 
has brought to light with startling force, evidence 
confirmatory both of the high praise and of the 
dark accusations to be found in the classical writers. 

Pliny (Hist. Nat. lib. xxxvi.) describes with glow- 
ing admiration the greatest public work of his time : 
“*. .. Ommaque intus in tenebris fierunt, que 
neque concipi animo, nisi ab iis qui videre, neque 
humano sermone, enarrari unt,” 

Both Suetonius and Tacitus allude to the im- 
posing solemnities on the inauguration of the 
emissary. A grand naumachia or naval battle was 
appointed to take place on the lake before it should 
disappear. Two fleets of triremes and quadriremes, 
the largest vessels of the period, were built to re- 
present the Sicilian and the Rhodian fleets. They 
were manned by 19,000 slaves, many of them perhaps 
the very men, who had toiled through eleven years 
of undergound forced labour to excavate the tunnel. 
Claudius arrived in state accompanied by his wife 
Agrippina draped in cloth of gold, and by his youthful 
son Nero. e 19,000 doomed combatants paraded 
before the emperor, and as they marched pastshouted 
the sacramental formula, ‘‘ Ave Cesar, morituri te 
salutant”—*“' Hail, oh Cesar, we who are about to die, 
salute thee!” Claudius, intoxicated with triumph, 
and beside himself with glee at the approaching 
slaughter, so far forgot the dictates of etiquette 
that he cried ‘“* Avete vos” —“ Health unto you !” 

Presently all were in their places. A silver Triton 
rose out of the waters, and blew a horn signalling 
the commencement of the fray. But no spear was 
thrown, no sword was lifted. Had not Cesar 
wished health toall? Surely they may live and not 
die. Claudius was furious; with flashing eyes, 
foaming mouth, and staggering steps, he raved and 
stormed and threatened. The Pretorian guards 
made ready, the thousands of spectators who had 
flocked from all parts to see the sport were not to 
be disappointed, so at last the poor wretches were 
hounded on to butchery, and fought so well that the 
sovereign and his people relented, and the few last 
surveyors were granted their lives. 

It soon appeared, however, that the emissary 
could remove but a small portion of the lake waters. 
Narcissus, the emperor’s freedman, who had been 
charged with the execution of the work, and had 
made an enormous fortune out of it, to pacify his 
disappointed and angry master, promised that the 
defects should soon be made good. Accordingly 
the day fora second opening ceremony was soon 
appointed. A stage over the entrance to the 
emissary from the lake was erected whence the 
emperor and his court should witness the exit of 
the waters. 

But the sudden rush of the stream was such that 
the stage was partly shaken down. Cesar and his 
courtiers ran for their lives, Agrippina alone retain- 
ing her presence of mind. Curses were heaped 
upon Narcissus, who was openly accused of having 
= ed and prepared the accident in order to cover 

is malpractices by the destruction of the emperor 
and the imperial family. As Tacitus remarks: 
‘* Incuria opera manifesta fuit.”" Narcissus paid the 
penalty both with fortune and life, but while the 
modern reconstruction has brought to light ample 
— of his peculations and jobbery, it has also 
ound the traces of and explained the blunders 
which, without malicious purpose, caused the 
catastrophe and nearly destroyed the imperial 
court. 

The volume of lake water was but little dimi- 
nished. The improvements and restorations under 
the reigns of Trajan and Hadrian could not correct 
the faults of construction, which, with the fall of 
the Roman Empire, ended in its final obstruction 
andruin. No record exists of the precise date when 
the waters ceased to pass through the emissary, but 
the lake had since many centuries reverted to its 
primeval state, when Frederick Barbarossa, Em- 
peror of Germany, ordered the tunnel to be restored 
and cleared. But only futile efforts had been 
attempted when a few years later, in the neigh- 
bouring field of ———- the victory of Charles 
of Anjou pat an end to the Swabian dynasty, whose 
last scion, Conradin, was beheaded in the market- 
place of Naples. 

Successive Neapolitan rulers traditionallytheld the 
opinion that the Appennine districts should be left as 
inaccessible and desolate as possible in order to form 
an impassable barrier to further invasions. 

Lake Fucino and its surroundings were thus 
wilfally neglected; no roads were allowed to be 





opened, even when the districts interested were 
willing and anxious to pay for the cost and mainte- 
nance, 

In the memoirs just published of Baroness 
Bunsen, we find an interesting description of the 
locality as it was in 1832. The inhabitants were 
astonished at her admiration of the wild and mag- 
nificent scenery. They thought the lake ‘“ brutto,” 
very ugly. But vested interests had grown over 
the evil. Proprietors of lands not immediately on 
the borders, considered that drainage would en- 
hance the rates of wages, and attract objectionable 
strangers. The poorer commoners, descendants of 
those whose lands had been formerly absorbed, now 
eked out their living by fishing on the lake, and 
were likewise prepared to resist any intrusion. 

A few years later a succession of wet seasons 
caused such a rapid rise, and such ruin and dismay, 
that even the apathy of the Neapolitan Government 
was shaken. An eminent Government engineer, 
Signor Afan de Rivera, was sent to the spot. The lake 
exercised a fascinating influence over him, as it did 
on all who ever approached it. The remainder of 
his life was spent in attempts to restore the emis- 
sary. But he soon died, and nothing more was done 
until 1854, when King Ferdinand granted a conces- 
sion for draining the lake, and reclaiming the inun- 





caught by sudden exposure and chill in the emissary, 
where he used to remain many hours a day.} This 
loss, almost at the outset of the undertaking, might 
have discouraged a less energetic man. But Prince 
Torlonia did not hesitate in trusting the continuation 
of the work to M. Montricher’s assistants. Of these, 
M. Bermond succumbed a few years later to the 
effects of climate and e ure. Only M. Brisse 
has survived and has had the satisfaction of com- 
pleting the work to its smallest details, and witness. 
ing its full and entire success. 

To M. Montricher’s family Prince Torlonia’s 
conduct was most generous. He has never allowed 
this subject to be mentioned, but as the present 
writer happened at that time to become acquainted 
with the transaction, he may venture to allude to it, 
Suffice it to say that in a country and at a period 
where money was worth three times what it is now 
in England, the widow and family of the engineer 
who had barely started an undertaking of which the 
success was still problematical, received a sum just 
double that lately granted by the directors of one 
of the principal English railways to the general 
manager, who by years of strenuous efforts had 
raised their company to the utmost prosperity. 

We shall now endeavour briefly to describe the 
emissary. The original Roman design was 10 ft. 
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dated lands. This concession was transferred to a 
limited com: , who called in two eminent English 
engineers, Mr. utton Gregory and Mr, W. Parkes, 
to report on the matter. It was soon found that 
the resources of the company were totally inade- 
quate to the undertaking ; and acomplete deadlock 
would have followed, had not Prince Torlonia, who 
already had taken considerable interest in the 
matter, decided upon buying up all the shares. 

Once left in sole possession, the prince selected as 
chief engineer M. Frantz Mayor de Montricher, 
who had just completed the Marseilles Water Works 
with the great aqueduct of Roquefavour. This 
gentleman soon satisfied himself of the great diffi- 
culties of the undertaking, and warned his em- 
wo of the enormous outlay it would entail. But 

rince Torlonia, like a true Roman, was not to be 
daunted. The work should be done, and done well, 
from the outset. 

‘Lhe section of the Roman tunnel, 54 square feet, 
was shown to be insufficient, Such data of rainfall 
as could be collected induced M. de Montricher to 
recommend a section of about 212 square feet, 
capable of carrying 50 cubic metres of water per 
second. This alone increased the estimates by 
several millions of francs, but it was agreed to with- 
out hesitation. The nature of the work made con- 
tracts almost impossible. It was left to the engineer 
to carry it out by day labour and piece work when 
practicable. Plant and material had to be brought 
over mere pretences of roads all the way from 
Naples, and often from Marseilles. Labourers were 
scarce and untrained. But experienced foremen 
who had worked under M. de Montricher in France, 
were eager to follow him, and two of his trusted 
assistants, M. Bermond and M. Brisse, both from 
the Polytechnic School, were placed in charge of 
the work. 

M. de Montricher soon fell a victim to his zeal. 
He died on May 28, 1858, after a few days’ fever, 








high and 6 ft. wide, with a length of 19,000 ft., 
and a gradient of 14 per 1000. No such tunnel 
had ever been attempted before, and for executing 
it, 40 shafts, several over 400 ft. deep, were sunk. 
These were supplemented by a number of ‘“ cuni- 
culi” or inclined galleries, to give air and access 
to the workmen, with means of extracting the 
rubbish. Ae 

The egate length of shafts and galleries, 
snagpenes beetle that of the emissary itself. The 
whole of the enormous mass of material extracted 
was removed by hand labour assisted only by wind- 
lasses drawing up copper pails, each not exceeding 
ten gallons capacity. Some of these were found in 
clearing the shaft, and the Roman timbers which had 
served to shore up the sides of the pits were still in 
their places. 

The original Roman plan does not appear to have 
contemplated draining the entire contents of the 
lake. Perhaps that was thought too bold a measure 
to venture upon, but certain it is, that the in- 
sufficient result was made the ground of the first 
accusations against Narcissus; and his as 
attempts at amendment after causing the acci ent, 
which nearly destroyed the imperial family, com- 
bined with the bad workmanship of the emissary 
itself, powerfully contributed to the early decay and 
ruin of the work. 

Once settled that the modern emissary should be 
on the considerably enlarged section already de- 
scribed, entire reconstruction became necessary. 
This was begun at the lower extremity, the sill of 
the opening being at a height of about 39 ft, above 
the River Liri, As the work progressed the dis- 
honest scamping of the Roman work became more 
and more apparent. Neither gradient nor direction 
had been Mihered to, much less so the section, 
which on being’ exactly gauged at each ten metres 
of run, Was’ not found uniform in any two in- 
stances, In some places where the rock was con- 
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sidered sufficiently solid, only a shapeless hole was 
pierced, just enough fora man to pass through, 
and left so as to make ultimate obstruction in- 
evitable. At other places where masonry was in- 
dispensable, it was made so badly that collapse of 
the soil and landslips actually occurred during the 

rogress of the work. It may be readily understood 
bow this state of matters added to the difficulty of 
reconstruction. Clearing away the ancient remains 
was infinitely more tedious and irksome than 
tunnelling through virgin rock and soil would have 
been. Yet to strike out a new line in such honey- 
combed and unsound ground was not to be thought 
of, as running into unknown dangers. 

At one point, while clearing an ancient landslip, 
a jet of water suddenly spurted out with a force 
indicating at least 80 ft. of pressure. It seemed 
likely that the lake had been tapped, and working 
forwards in the face of this might at any moment 
let loose such a torrent as would swee 
one in the emissary to destruction. ‘To reach the 
obstruction from above was impossible. There was 
no resource but to open a subway below the con- 
crete flooring of the Roman emissary. This was 
carefully shored up by strong timbers only 12 in. 
apart, and the subway pushed forwards about 
300 ft. A large iron pipe leading from the finished 
portion of the emissary was laid along the gallery. 
At the upper extremity, protected by a strong 
iron trap-door, a chamber was hollowed out, and a 
series of iron tubes provided with obturators 
inserted into the Roman concrete. When all was 
ready the obturators were all removed by a most 
ingenious arrangement, and the confined waters 
rushed down through the pipe prepared for them. 

It would be impossible within our limits to fully 
describe the bold expedients by which this, and 
other fobstacles, were overcome. The details are 
given in M. de Rotrou’s most graphic account pub- 
lished by authority of Prince Torlonia, and to 
which it would be difficult to render justice without 
transferring it bodily into these pages. 

While these difficult operations were being con- 
ducted deep underground at the lower end of 
the emissary, no less important work had to be done 
at the upper extremity and in the lake. 

Firstly, and before anything else, in order to 
protect the upper entrance and secure control of 
the waters, a dyke had to be runinto the lake, This 
dyke, begun in July, 1854, had a development of 
1640 yards in length enclosing an area of 32 acres, 
It had to be raised higher and higher until 1861, 
in order to keep out the rising waters of the lake. 
It necessitated about 200,000 cubic yards of earth- 
work, besides 40,000 cubic yards of stone facing 
required to enable it to resist the impact of the 
waves, which in stormy weather, and driven along 
a surface over twelve miles in length, acquired a 
most destructive impetus. 

It was not until after eight years of labour that 
it became possible to let a first instalment of water 
through the still unfinished oe This was 
done on the 9th of August, 1862, and the stream 
flowed until 30th of September, 1863. Five hundred 
and sixty-one millions of cubic metres, being at the 
rate of 16 cubic metres per second, were drained 
off. The level of the lake was reduced about 14 ft., 
and a zone of land about 1700 ft. wide round its 
circumference was laid bare. 

Underground work was then in resumed for 
about two years longer, when the sluices were again 
opened, and in 764 days, 634 millions of cubic 
metres of water were run off at the rate of 9 cubic 
metres per second. This reduced the level of the 
lake another 16 ft., the depth being only 18 ft., and 
the area 24,000 acres. 

The last and definite eg took place in 
January, 1870, when the outflow was resumed until 
—- exhaustion in June, 1875. 

The modern emissary, properly speaking, was 
finished by November, 1869, the reconstruction 
having taken thirteen years aud two months, But 
the series of accessory and indispensable works 
gnitude. They consist (1) of 


away every 


were of scarcely less ma; 
a central collecting channel 8 kilometres, or about 
5 miles long, capable of er fr the same volume 
of water as the emissary itself, say, 50 cubic metres 
per second, (2) A central reservoir established in 
the deepest portion of the former lake bed, and de- 
signed to hold fifty-five million cubic metres of 
water, if at any time the emissary should be closed 
by accident or design. (3) A network of subsi- 
diary collecting trenches 1000 metres apart, and 
encircled by a canal 35 miles in 1 receive the 
rainfall of the surrounding hi and conduct 








the whole to the central collector and reservoir. 
All these arrangements are calculated, either to 
drain the surface waters into the emissary or to fur- 
nish irrigation when required for the estate. They 
are completed by a corresponding service of roads. 
The total extensions are 100,08] metres, or about 
70 miles of canal, 648,800 metres or about 450 miles 
of trenches, and 210,409 metres or about 150 miles 
of roadway. The canals were in part excavated bya 
—— machine purposely invented by M. Brisse, 
and fully described in ENGINEERING of the 7th of 
January, 1876. The amount spent is as nearly as 
ear ge two millions sterling, and the total area of 

nd reclaimed 15,775 hectares, of which, however, 
about 1600 hectares had to be abandoned to border 
ae repo who, although they did not contribute a 
farthing towards the cost, yet made claims under old 
titles as fast as the waters receded from the formerly 
inundated lands. Prince Torlonia’s undisputed estate 
thus remains 14,175 hectares or 35,000 acres, enclosed 
by a road 55 milesin length, on which, at stated in- 
tervals, and to serve as landmarks against further 
encroachments, have been erected a number of 
statuettes of the Virgin Mary. 

Thus the emblems of modern Roman faith have 
taken the place of the ancient altars to Lacustrian 
divinities, and near the spot whence Claudius re- 
velled in the massacre of his slaves, many of them 
probably Christians, now rises the monumental 
entrance to the emissary. Over this and on a 
colossal pedestal of huge blocks of stone bearing 
a statue of the Virgin 20 ft. high, appears the 
following inscription : 

MARIA 
SINE. LABE. CONCEPTA 
AVSPICE 
OPVS , AB . IMPERATORIBVS 
REGIBVSQVE 
FRVSTRA , TENTATVM 
ALEXANDER TORLONIA 
ROMANVS. V. P. 
INGENTI , ANIMI 
ET . AERIS. VI 
COEPIT . A.D, MDCCCLIV. 
PERFECIT . A.D, MDCCCLXXVI. 

The illustrations which we publish on pages 249 
and 252, show the principal details of this great 
work, Fig. 1 is a longitudinal section of the emis- 
sary. On the, left is shown the outfall into the 
Liri. The line A shows the floor of the Torlonia 
emissary, line B the floor of the Claudian emissary, 
and line C the roof of the Torlonia emissary. Above 
these the uneven and broken line shows the roof of 
the Roman emissary and its irregularities. The 
lake water is shown at the level of 1861. Figs. 2 
and 3 show the comparative cross sections of the 
Claudian and of the Torlonia emissaries; Figs. 5 
and 6 are sections of the corresponding Roman and 
modern collecting canals. 

The various sections on page 252 indicate the 
juxtaposition of the ancient and modern emissaries, 
and give an idea of the state the Roman work was 
in when the reconstruction took place, and of the 
variations which were found necessary, 

Fig. 2 is a longitudinal section showing the de- 
vices employed to get — the heavy landslip already 
alluded to. On the left is seen the Roman emissary, 
with the outfall of the large cast-iron pipe destined 
to drain off the water. Next, a portion of the 
Torlonia emissary, of which the floor at this point is 
12 ft. below the Roman work. Advancing towards 
the lake, the subway, which is shown with its 
timber supports, was pushed forwards 300 ft. Then 
a wall Q was erected, the drain pipe passed through, 
and above it a strong trap-door was fitted, Beyond 
this, excavation was continued, under the concrete 
flooring of the Roman emissary. Then ten holes 
were drilled, and closed by sluices, until all were 
removed at once, and the water rushed out through 
the pipe prepared for it. 


CONTINUOUS BRAKES. 

TE second report of the Board of Trade respect- 
ing the adoption of continuous brakes on railways 
has just been issued, and contains some matter of con- 
siderable interest. Not only is the progress made in 
this direction explained with a fair amount of detail, 
but the characteristics of the different systems of 
brakes employed begin to be shown from the details 
of their various recorded failures. As in the first re- 
port, the continuous brakes adopted are divided into 
two classes, those which comply and those which do 
not comply with theregulations of the Boardof Trade, 
In the first class comes the Westinghouse automatic, 





the Saunders vacuum, and the Steel-Mclnnes ; ‘in the! 





second, are the Smith vacuum, the Clark-Webb, Fay’s, 
Newall’s, and several others of less importance, On 
the 31st of December, 1878, the total number of 
engines returned as fitted with continuous brakes was 
768, or 16 per cent. of the total, and 8408 carriages, 
or 21 per cent. The amount of stock fitted during the 
_—_ ending]ast rere was 127 —— 
an carriages, or 3 and 4 per cent, respective 
the total amount of stock re which returns woe 
made, being 3898 engines and 31,159 vehicles. The 
percentage of oo of brakes which do and 
of those which do not comply with the Board of 
Trade regulations are as follows : 


Percentage of applications com- 
plying with Board of Trade re- 
quirements eee adi see 41 24 
Percentage of applications not 
complying with the Board of 
requirements .., ae 59 76 


From this it will be seen that the tendency of the 
railway companies to respect these regulations has 
not been, so far, very marked. 

Four classes of brakes attract the attention 
of the reader of this report. 1. The Westing- 
house automatic. 2. The Smith vacuum. 3. The 
Clark-Webb, 4. Saunders and Bolitho’s vacuum 
automatic. It will be also noticed that the West- 
inghouse pressure brake has been fitted on the 
whole of the stock of the Metropolitan District. The 
report shows the total applications of these four 
systems to be as follows: 


Cuass I.—Brakes co ing with Board o 
Trade ri adn v 




















Loco- . 
—_ eation, Cars.| Mileage. 
1. Saunders and Bolitho’s 
Automatic Vacuum : 
Great Western Railway... 42 57 92,254 
Midland ... ons sot) 118 97,980 
2. Westinghouse Automatic : 
Great Eastern ... ase 26 76,459 
Great Northern re 2 15 23,895 
Lancashire and Yorkshire 12 
London, Brighton, and 
South Coast... cial a 204* | 31,129 
mdon, Chatham, and 
Dover ... i 6 17 57,408 
Midland ... ove coo] | ae 127 268 
North-Eastern ... oni 9 81 137,826 
West Lancashire ... aed 2 16 37,804 
Caledonian... ‘is oss 5 39 62,441 
Glasgow and §8.-Western| 22 30 | 133,768 
G w, Bothwell, Ha- 
milton, and Coatbri 4 32 58,707 
North British _... onl 290 | 156,033+ 
* The figures as given in the report are incorrect, and 


refer to the six months’ and not to the total applications, 
which are 34 and respectively. 
+ Three months’ mileage only. 


Cuass IIl.—Brakes not complying with the Regulations 
of the Sound ‘Trade. 








Loco- ‘ 
— motives.| C2™8-| Mileage. 
1, Clark and Webb : 
London and N.-Western 
Railway ... tae she ae 1773 | 5,910,843 
North London _.., oe deo 514 787 
Caledonian don aia af 176 472,159 
2. Smith’s Vacuum : ; 
Great « of CRE 142 340,771 
Great Northern ... © :««| 152 1004 | 1,258,204 
Great Western .. wf} Al 77 19,141 
Lancashire and Yorkshire| 6 6 
London and §8.-Wi 1 7 
London, Chatham, an 
Manchester, Shefiield, and ’ a “_ 
c. 2 
i j weiss. bog 107 231 547,638 
= and alceckan 6 72 87,609 
n "dale é 4 
opolitan' § ..,. «| 4h 173. 560, 
Midland ... oe 86 t 144 175,690 
North-Eastern... 25 19} 234, 
South-Eastern 27 247 116,150 
Taff Vale ... a 8 40 56,332 
Glasgow od 8.-Western ¢ * 19,261 
Great North of Ireland 11 23 35,482 
Great Southern of Ireland} 39 105 | 474,697 
Midland Great 4 22 i 
3. Westinghouse press. brake : 
Metropolitan District ...) 30 128-|- 336,072 

















Summing up these applications we have : 
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Mileage. 


Average 
Miles Run 


Repeating the comparison as before with the 


Saunders and the Clark-Webb, we have: 





Vehicle. 





Class I.: 
Saunders... 
Westinghouse 

Class II. : 

Clark-Webb ... 


Smith’s vacuum... 
Westinghouse pres 








190,234 816 


1,231,723t 1166 


7,170,856 2911 
3,957,385 1316 


336,072 2127 











* Not including the 178 additional vehicles fitted by the 
London, Brighton, and South Coast 
t Adding 156,000 for three months’ mileage on the 


The mileage per vehicle of course is only approxi- 
mate, but as the trains run by the different compa- 
nies are mostly alike, it affords some means of com- 
pering the general work done, although a more 

etailed com: also be made with advan- 
tage. The Westinghouse performance is obviously 
too low, on account of the incomplete nature of the 
London, Brighton, and Sou 


records, where 


366 carriages fit 
given, whereas the West Lan 


Coast Railway 
resent there are 34 engines and 

but only a mileage of 31,129 
cashire, with only 18 


vehicles fitted, report 37,804 miles. 
To arrive at a fairer idea of the facts, we may But a very brief examination shows that such a con- 


take those lines which use both Westinghouse and 
Smith, as a basis of comparison. 


mileages of the 
about the same, and it may, therefore, be assumed that 
an examination of the failures on thelines giving these 
failures will afford means for a just comparison. 
But we may first summarise the reports of failures 
as given by the different railway companies, and 
which are contained in the Table on page 254, in 
which the causes of failure are also approximately 
given, 








Westinghouse. | Smith. 








Railway. 3 | ; 
8 | 
|g : é 
- - a 
Midland “ae ove ...| 184 | 300,268 , 180) 175,690 
a ee 52 | 133,763 28) 19,261 
N -Eastern diet | 90 | 187,826, 44) 234,806 

















P Average 
— | Ragin | writes. Miledian 
Carriages. Vehicle. 
Class I: 
Saunders... ons 233 190,234 816 
Westinghouse ani 327 571,857 1749 
Class IT: 
Clark-Webb ... «| 2463  |7,170,856 2911 
Smith vacuum en 252 429,757 1705 
Westinghouse pres- 
sure ... eee See 158 336,072 2127 














From the soregoing it will be seen that the vehicle 
estinghouse and Smith brakes are 


From this Table it would appear at the first 


| glance as if the failures of the Westinghouse are 
larger in proportion than those of the other systems. 


clusion would be entirely fallacious, as it will be 
found that not only are the majority of the failures 
of such a nature as to recommend rather than dis- 
credit the system, but they are all of them of an insig- 
nificant character. We will consider the Saunders 
and the Clark-Webb brakes separately, and for the 
moment confine ourselves to the consideration of the 
Westinghouse and Smith. 

In the first case, the total number of recorded 
failures are 65, and in the second they are 89. 
These failures naturally divide themselves into two 
important classes, namely, those arising from the 
brake going on when not required, or not coming off 
when required, and thereby causing delay, and 








those in which the brake would zo¢ go on when 
required, The wide difference in the nature of these 
two classes of failures will be at once appreciated. 
In the former, when the brakes go on, immediate 
notice is given that there is something wrong with 
the a tus, which must be set right at once if 
jem e; or if this be impracticable, the guards and 

rivers know that they must rely upon their hand 
brakes, and work accordingly. In the latter case no 
notice of the failure is given, and the driver remains 
in Lag races of the accident until he attempts to 

pply his brakes, generally only with the result of 
overrunning a platform, but only too frequently with 
far more serious consequences. In fact, nothing can 
well be more dangerous than the employment of a 
brake that, like every other piece of mechanism, is 
liable to fail, but which always does so with- 
out warning. 

The failures of the vacuum brake necessarily all 
belong to the second category, while nearly all of 
the Westinghouse belong to the first, a fact which 
of itself is sufficient to stamp the respective values 
of the two systems, while an examination of the 
nature of the failures still more strongly condemns 
the Smith vacuum. From the accompanying 
Table it will be seen that in 43 cases out of the 
60 Westinghouse failures, the brakes either went 
on unexpectedly, or refused to come off promptly, 
indicating some defect; in 41 of these instances 
the defects involved either no repairs, or only 
such as could be done at once by the servants in 
charge of the train, while in two cases the causes 
(which we will refer to presently) were of a more 
important character. In 17 cases (also to be 
analysed) the brake would not act, and the train over- 
ran the proper starting-point. On the North British 
Railway five vehicles were temporarily disabled 
during the six months of failure due to bad con- 


| struction not the fault of the brake. Out of the 39 
| failures of the vacuym (all of them failures of the 
brake to act when called upon) 65 involved slight or 


no repairs, and 24 repairs of a more im rtant 
character. We have thus then $9 vacuum fauures 
as compared with 17 Westinghouse of a similar 
character, 24 of which were due to more or less im- 
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portent defects, none such being reported against 
estinghouse. Of the three cases in Column 2 of 
the Table, we find that one occurred on the Great 
Northern Railway, and is reported as follows: 

s Brake refused to come off, triple valve out of 
order.” On the North-Eastern there is also one 
case where the spindle of the triple valve was bent, 

and so failed to work properly. Without remarking 
on the fact that the triple valve can be replaced in a 
few minutes, we may point out that more attention 
should be paidto the construction of this detail, to pre- 
vent the recurrence of such failures. The causesof the 
delays recorded in the first column are all of them of 
a purely insignificant character, chiefly the gor aa 
nexion of couplings, the yielding of rubber pi 

or the sticking of some part of the apparatus. 

same may be said of the failures in Cclann 5, vite 
this important criticism, that in the one case the 
failures are harmless, and in the other dangerous. 
Of the seventeen cases given in Column 3, that on 
the Glasgow and South-Western occurred through 
the connexions with the air-pipes at the tront van 
being shut, and was no fault of the brake. 

On the London, Chatham, oe Dover one case oc- 
curred ; here the valve in the three-way cock stuck. 
Five cases are recorded on the Midland Railway ; 
in two the triple valve was frozen up, in one the cock 
on the pipe between the tender and train had not 
been opened, and two are referred to defective pipes, 
which allowed the air to escape ; this latter explana- 
tion is not satisfactory, as such a defect ought to 
have thrown on the brakes instead of checking their 
action. In one of these cases only the tender and 
two vehicles were fitted with the brake on a train of 
thirteen carriages, and one of the hand brakes was 
out of order. It would have been more satisfactory 
had the Midland Company appended these particulars 
to their report of this so-called failure. On. the 
North British there is one case, due to the fault of 
the driyer, and on the North-Eastern there were 
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NUMBER AND CAUSES OF 








FAILURES OF THE SAUNDERS, WESTINGHOUSE, CLARK-WEBB, AND SMITH BRAKES, 









































































































































CLASS I. CLASS IL 
SAUNDERS’ VACUUM. WEST/XGHOULE AUTOMATIC, CLARK-WEBB, SMITHs-V ACUUM, 
. | | 
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| . Number of «ft 
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12) London and South-Western ... a a 7. . a ie a és ie die wad Re Sy SS 7 
13| Lendon, Brighton, and South Coast... nis om 18 | 204 $1,129 
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half-yearly report. Of the eighty-nine failures 


Matvas OF Farvnes OF THE WESTINGHOUSE AND SMITH BRAKES. 





NAME or RAILway. 


Caledonian | 
Glasgow and South-Western .. 
Great Eastern ... ad 
Great Northern 

Great North of Ireland ‘an den 
Great Southern and Western of Ireland me se 
Lancashire and Yorkshire ois tet 
London, Chatham, and Dover i 
Manchester, Sheffield, and Lincolnshire 








10 Manchester, South Junction, and Altrincham... 
11 | Metropolitan ... eve ese 

12} Midland ... ont 

13| North Pritish* eos ese pA! 

14 North-Eastern ... bus ad oct 

15 ‘Taff Vale... ode me tee Se 
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* There wore in addition five cases in which the brake mec anism be came disabl:d on a single vehicle in each case. 


nine, in four of which the triple valve was frozen 
up; in three the air-pump had been allowed to get 
out of order, and in one the gear had been injured 
by a previous accident. ‘The seventeen cases thus 
avalysed appear as follows : 




















— Imperfect Action) Other 

of Brake. Causes. 
Glasgow and South. Western.. ob 1 
London, ee, and Dover 1 one 
Midland . 1 3 
North British ... ane al 1 1 
North-Eastern ... ose ose! 1 8 

4 





Thus in four cases only out of the seventeen the 
failure of the brake to act when called ,upon,* was 
due to imperfect action, and in thirteen to other 
causes. It will be noticed that in all these seventeen 








instances no repairs worthy of the name were 
needed, 

Turning now to the vacuum failures; the space at 
our disposal is not sufficient to analyse the whole of 
the eighty-nine cases. We will therefore take only 
the twenty-five instances in which repairs of more or 
less importance were required. On the Great 
Eastern Railway there was one of these, occasioned 
by the bursting of a vacuum drum; on the Great 
Northern there were three, all due to wearing or 
destruction of the vacuum sack ; on the Lancashire 
and Yorkshire, one, when asteam pipe in the smoke- 
box burst; on the North-Eastern there were nineteen 
failures, almost all which were due to the wear of 
the rubber sack. This experience is interesting, 
illustrating as it does the want of endurance of this 
very weak but vital portion of the vacuum brake. 
On the other lines there has not been time for this 
want of endurance to show itself; but similar failures 
may be looked for, increasing in number with every 


reported against the vacuum brake 74 were due 
to imperfection of the apparatus, and 15 to other 


causes. 
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~ Comparing these with the similar class of failures 
of the Westinghouse brake, we have: 





) 
| West- 








— | ing- Smith. 
|house, 
Failure due to imperfection of brake | 4 74 
9 causes independent of brake) 13 15 
Total ... ooo oo} 27 89 





Lastly, we may turn to the results given in the 
annexed Table upon the three railways where the 
use of the two systems is about equal, and where 


the vehicle mileage 


approximates : 
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Attention has been called to the accident on the 
Caledonian Railway, when the Westinghouse brake 
went full on, and stopped a train running slowly 
between the distant and home signals at Wemyss 
Bay Junction. A second train was allowed to enter 
the same block before the first one that had been 
stopped was clear, and a collision occurred. In this 
instance the carelessness of the signalman was the 
cause of the collision, as the first train should have 
been efficiently protected till it was clear. This is 
the only instance of anything like a serious accident 
reported on by the different companies. 

We may conclude this article by a brief reference 
to the other systems we have noticed at its com- 
mencement—the Saunders and the Clark-Webb. The 
former is automatic, has been reported on only by 
two companies, 233 vehicles being fitted by the 
Great Western and Midland. All the failures re- 
corded are those depending on the use of a vacuum 
expanding bag. It has, moreover, the additional 
and important deficiency that while it is slow in 

roducing a vacuum, it can only hold the brakes on 
or a very limited period at each operation. The 
duration of the available power being thus limited, 
is of itself a very serious drawback to the efficiency 
of the brake. In addition to this the want of dura- 
bility in the material employed will probably before 
long make itself felt, as with the vacuum on the 
North-Eastern. 

The use of the Clark-Webb brake chain is confined 
to three lines, and it is doubtful if it ever receives a 
wide extension ; on the contrary, judging from the 
repeated strictures of the Board of Trade, it is not 
improbable that we shall gradually see it superseded 
by a modified system complying with the require- 
ments now recognised as necessary characteristics 
of a perfect continuous brake, 








NELSON’S STEAM STEERING GEAR. 

WE give this week on page 253 engravings of a very 
simple arrangement of steam steering gear, patented and 
constructed by Mr. James Nelson, of Gateshead-on-Tyne. 
In describing the gear, it may be considered as consisting 
of two parts, namely, first, the engines, and then con- 
nexions by which the necessary power is exerted on the 
chains leading to the tiller ; and, secondly, the hand gear 
and control motion by which the engines are started and 
stopped as required. 

In the arrangement of the gear, shown by our engrav- 
ings Figs. 1 and 2, there are a pair of engines having 
cylinders 6 in. in diameter with 8 in. stroke, these engines 
lying almost horizontally, and the connecting rods being 
coupled to cranks placed at right angles to each other, 
and situated at opposite ends of the shaft which carries 
the chain drum. The chain drum is not fixed to the shaft, 
but is capable of revolving on it, motion being com- 
municated to it as follows: Forged on the shaft, and 
just clear of one end of the chain drum, is an eccentric, 
this eccentric carrying a spur wheel, as shown in the 
detail views, Figs. 6 and 7. This spur wheel is of such 
width that it is capable of engaging two internally geared 
wheels, as shown in the section Fig. 6, one of these wheels 
being cast in one with the chain drum, while the other 
is fixed to the bedplate, and does not move. There are 
fifty teeth in the fixed wheel and fifty-one in the wheel 
on the chain drum, the result being that as the wheel 
carried by the eccentric is rolled round on the pair of 
internal wheels, the barrel wheel is shifted round one 
tooth at each revolution of the crankshaft. The arrange- 
ment is more compact than a train of spur wheels, and 
being all boxed in there is no chance of things getting 
into the teeth. The friction is, of course, much greater 
than in ordinary spur gearing, but it is probably smaller 
than with worm gear, 

The engines are fitted with piston valves, and the re- 
versal is effected by transposing the steam and exhaust 
connexions. This transposition is effected by an ordinary 
D-slide arranged as shown in Figs. 8 and 4. As will be 
seen from the latter view this valve covers three ports, 
of which the central one communicates with the exhaust 
pipe, while the two others respectively lead to the inner 
and outer sides of the piston valves of theengines. Thus 
according to whether the D-slide is raised or lowered, the 
piston valves receive steam in their inner or outer sides, 
and the direction of movement of the engines is thus 
controlled. 

Referring again to Figs. 3 and 4, it will be seen that 
the spindle of the D-valve just mentioned has formed on 
it aring which encircles a cam mounted loosely on a short 
shaft which is driven by an extension of one of the engine 
crankpins, as shown in Fig. 3. The forms of this cam 
and ring are shown by Fig. 5, from which it will be seen 
that when the cam is in the position shown by the full 
lines, it fits the ring closely, and thus a small movement 
of it will raise or lower the valve promptly according to 
the direction of the motion. As soon, however, as the 
cam has caused the valve to uncover the upper or lower 
port fully, it comes into contact with a portion of the ring 
so shaped that a furthers movement of the cam 


keeps the latter in the position in which it has been placed. 


ment are clearly shown. 

We have said that the cam just mentioned is loose on the 
shaft which carries it, but it is connected to an externally 
geared wheel, which is inclosed within an internally, 
geared wheel, and this wheel is in its turn connected by 
bevel gear to the steering wheel under the command of 
the steersman. The externally geared wheel just re- 
ferred to is mounted on an eccentric formed on the short- 
shaft which carries the cam and internally geared wheel, 
the whole arrangement being clearly shown by Figs. 3 
and 4, The effect of this arrangement is, that when the 
internally geared wheel is turned by the steersman, it 
carries round with it the wheel mounted on the eccentric 


the D-valve is shifted, and the engines started either 
forward or backward, according to the direction in which 
the cam is moved. But directly the engines are put in 
motion the externally geared wheel, which we have men- 
tioned as connected to the valve cam, is carried round by 
the eccentric on which it is mounted, and gearing into 
the internally geared wheel which incloses it, it gradu- 
ally shifts back the cam, and eventually brings the D- 
valve into its central or neutral position, thus stopping 
the engine. The number of revolutions made by the 
engines before this effect’ is produced, depends of course 
upon the arc through which the cam has to be shifted 
back, and hence the number of revolutions made by the 
engine—or, in other words, the amount of movement im- 
parted to the rudder, is exactly proportional to the extent 
of movement of the steering wheel under the control of 
the steersman. 

The steering wheel is of the conventional pattern 
and is placed wherever may be most convenient. The 
dotted lines in Fig. 1 show how it can be mounted on the 
steam steering gear if desired. The gearing operated 
by the wheel is so proportioned that about twelve turns 
of the wheel are required to put the helm over from hard- 
a-port to hard-a-starboard, this proportion being adopted 
so that the manipulation of the wheel may be about the 
same as that of an ordinary steering wheel. There is a 
strong screw on the shaft which carries the handwheel, 
this screw being fitted with a nut moving on a slotted 
groove, so that it acts as a stop and prevents the steers- 
man from turning the wheel too far in either direction. 
There is also a dial with index conveniently arranged 
close to the steering wheel and showing the position of 
the rudder. 

As will be seen from our illustrations the whole 
arrangement of the steering gear we have been describing, 
is very neatly worked out, and we hear that the gear has 
given very satisfactory results in practice. 








FOREIGN AND COLONIAL NOTES. 

New Zealand Telegraphy.— Mr. L. Maling, bee o 
surveyor, has received orders to proceed at once with the 
construction of a telegraph line to connect Dargaville and 
other places on the Kaipara with the —— system of 
New Zealand. The line will start from Waipu by Maun- 
aturoto, Pahi, Paparoa, and Mititai to Dargaville. The 
ine will be 53 miles in length. 

Coal at San Francisco.—The annual receipts of coal at 
San Francisco last year amounted to 626,733 tons, of which 
122,034 tons came from Mount Diablo, 35,124 tons from 
Coos Bay, 2820 tons from Bellingham Bay ; 140,323 tons 
from Vancouver’s Island; 131,678 tons from Australia ; 
44,005 tons from England; and 116,008 tons from Seattle ; 
8068 tons of Cumberland, and 21,064 tons of authracite 
were received. 


Artesian Wells in South Australia. —The South 
Australian Government have organised and sent out an 
expedition under the command of Professor Tate to examine 
the country to the north of the great Australian Bight, 
with the view of determining the feasibility of obtaining 
water by artesian wells, there being no surface water in 
that direction. They have also despatched an agent to 
America to obtain the most oe boring apparatus. 
Meanwhile an artesian well has m successfully sunk on 
the Curnamona Run, about 300 miles north-north-east ‘of 
Adelaide, yielding a supply of about 10,000 gallons per day. 
The water was reached at 371 ft. below the surface, and 
rose to within 90 ft. of the surface. A commercial value 
is thus given to 110 square miles of arid and heretofore 
valueless country. 


Coal and Stone in land.—Competent authorities 
tell us that the coalbeds of Queensland underlie a surface 
computed at 24,000 square miles. In addition to these 
valuable coalfields, there are excellent quarries whence very 
fine marble and good workable building stone of various 
kinds are now regularly extracted. 


Water Supply of Melbourne.—The improvement and 
increase of the supply of water to Melbourne has long been 
talked of. The Minister of Public Works, accompanied by 
several scientific gentlemen, recently visited the Watt's 
river for the purpose of ascertaining whether it is possible 
to divert a portion of the stream into the reservoir, so as 


increase the supply. : 

American Pig Iron.—More pig iron is now manufactured 
in the United States with bituminous coal and coke, than 
with either anthracite coal or charcoal.. Up to 1855 more 
pig iron was made with charcoal than with either anthra- 
cite or bituminous coal, but in that year anthracite took 





causes no further movement of thé valve, but merely 





In Fig. 5 the effects of the cam in its different arcs of move-.} bi 


and promise to retain it. The production of pig iron with 
ituminous coal and coke was less than that made with 
charcoal until 1869, only ten years since, when charcoal 
was left in the rear probably for ever. 

Gallician Petrolewm.—A di troleam well has been 
discovered at Pahar, Gallicia. — 


Pn i on the y eaayge ig Reece English firm has 
ver 4000 rails at 
Dordrecht at 61. 19s. 9d. a realy acresereaitn i 


A Steel Steamer.—A steel steamboat which was shipped 
recently to the Magdalena river, United States of Colombia, 
from an American port, will draw less than 9in. of water. 
If she does not draw over that depth, she will be considered 
a success, and the contractors will be awarded a contract 
by same company for two other boats of a similar 


part of the shaft, and also the cam, the result being that | kin 


American Locomotive Building.—The business of the 
three locomotive establishments of Paterson, New Jersey, 
improved poe the past year, 112 locomotives being built. 
This year vy . ops are still — active, Figg Soe age | 
aheniy sent out 28 engines since January 1. Ww 0! 
1000 hands are now employed. 2 

Mexican Railway.—The workshops of the Mexican 
Railway (Vera Cruz to Mexico) are at Orizava. The car 
shop proper is 60 ft. by 200 ft. in extent, the machine shop 
200 ft. square, while the round house is smaller, bein just 
80 ft. by 80 ft. Here are housed and repaired the 17 Fairlie 
engines, which work all the heaviest traffic on the line. 
There are also in use on the road from Esperanza to the 
pone | of Mexico seven American engines—two Baldwin 
and five Rogers—and two others made at Vera Cruz by 
Danforth, Cooke, and Co., of Paterson, New Jersey. 


Belgian Steel Sleepers.—The John Cockerill Company 
has proposed to supply 500 tons of steel sleepers to the 
Belgian State Railways at 51. 19s. 6d. per ten. 


The Belgian Coal Trade.—This trade has exhibited 
rather more activity. Orders have been given out by brick- 
makers and also by the beet-root sugar manufacturers. 


American Locomotive Boilers.—Of late years, owin; 
partly to the increase in the size of locomotive boilers, an 
rae bad the numerous explosions which have occurred, the 

hickness of boiler — has been materially increased in 
the United States. ‘Twenty-five years sincethere were few, 
if any, used thicker than ts in. Now, for the larger sizes 
of locomotives, plates are always } in., and in some cases 
ys in.thick. Double rivetted seams were seldom found in 
the older boilers, whereas now it is the rule for horizontal 
seams, and in some cases, for all others, and in some larger 
engines now in process of construction on the Louisville and 
Nashville Railroad, the former are treble-rivetted. 


Canadian Railways.—Messrs. Grant and Pitblado have 
deposited 21,000 dols. required to secure their contract for 
the construction of section No. 18 of the Canadian Pacific 
Railway, and arrangements have made to commence 
work at an early date. Mr. D. N. Stanton, of New York, 
has obtained a contract for building a railway from Ottawa 
to Coteau Landing. 








Kina’s CoLtEecGs ENGINEERING Socrzety. — On Fri- 
day, March 21st, at an ordinary meeting of the above So- 
ciety, Mr. G. Midgley Taylor read a paper on the ‘‘ Water 
Supply of London.’”’ The writer divided his subject into 
three distinct parts. In the first he dealt with supplies 
generally, stating the best means of procuring a source of 
supply, and what localities were most fitting for the par- 
tic kinds of supplies, also mentioning jwhat was the 
best water to be chosen with to ess, &c. In the 
second part he gave the history of the don system from 
its earliest date, where the only supply was delivered by a 
water-wheel at London Bridge, up to the present time, 
when London was supplied with splendid wholesome water 
by eight companies. In the thi he exemplified the 
supply by particularising one of the companies, viz., the 
Lambeth Water Com: , of which he gave minute details 
in all its nae Finally, he dealt with the fallacious current 
ideas as to the impurity of the London water, saying that 
it must of necessity be pure, as the Royal Commission 
twelve years ago reported the water of London perfectly 
wholesome then, and that the quality has greatly im- 
proved since that time. The meeting terminated with a 
vote of thanks for Mr. Taylor’s interesting paper. 





Tue INSTITUTION OF CivIL ENGINEERS.—The Council 
of this Society have made arrangements for 2 second series 
of meetings for the reading and discussion of papers by 
students to take place on the following Friday evenings at 
7 0’vlock. The papers to be read are, March 28, ‘‘ An Ac- 
count of some of the East London Water Works Company’s 
Extensions,” by Mr. G. L. Parrott ; Spelt 4, * The Ti 
Wave in the River Humber,” b . A. C. worse 
April 18, “ The Construction of otive Boilers,” by 
r. RB. H. Read; April 25, ‘‘The Comparative Merits of 
the Different Systems of Permanent Way,” by Mr. 
Richard M. Parkinson; May 2, “‘Gas Purification,’”’ by 
Mr. T. N. Kirham, Jun. chair will be m succes- 
sively by Mr. Rawlinson, ©.B., Mr. Abernethy, Mr. 
Berkeley, Mr. Brunlees, F.B.8.E., and Dr. Pole, Members 
of il. The students have been urged to prepare 
themselves for the discassions by consulting the papers. 
which are now open for inspection at the Institution, and 
they have been informed that a Miller Scholarship, not ex- 

ing 401. in value, and tenable for three years, will be 
awarded for ihe het paper of the session, if of — 
importance ; original communications, which may . 
be deemed worthy of record, will be printed in tle ‘* Mi- 
nutes of Pr ings” of the Institution. a 
will be continued provided other original papers of adequa‘ 





the lead, which it kept until 1875, when it was exceeded by 
bituminous fuel at ade, which now have the ascendancy 





merit are received. 
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TRAMWAY LOCOMOTIVE. 
CONSTRUCTED BY MESSRS. MERRYWEATHER AND SONS, ENGINEERS, LONDON. 





We give above an engraving of the patent steam tram- 
way engine exhibited by Messrs. Merryweather and Sons, 
London, at the late Paris Exhibition. This engine is a 
light one, of very neat appearance, and is capable of 
taking a large loaded car up an incline of 1 in 20; or 
two or three cars at once on a more level road. Our 
illustration is a side elevation with one side of the cab 
removed, and shows the position of the various levers 
as for the driver to stand at the side of the 
boiler. It will be noticed that by placing the driver in 
this sone ma only one set of levers is required, and he 
has simply to turn himself round to command the motion 
of the engine in either direction, at the same time obtain- 
ing an unobstructed view both in front and at the sides of 
the engine. 

The cylinders, which are placed inside the frames, are 
6} in. in diameter by 10 in. stroke, and are jointed to- 
gether in the middle, forming a steam chest for the two, 
whilst a saddle cast half on each carries the smokebox 
end of the boiler. The guide bars are of steel and the 
crosshead slippers of cast iron with large wearing sur- 
faces, the crosshead itself being cast steel. The bars are 
supported by a wrought-iron belly plate placed some 
distance from their ends; this plate also carries the 
valve spindle guides. The link moticn is of the ordinary 
shifting link type, but made unusually heavy in propor- 
tion to the size of the engine, to allow “or the extra rough 
usage tramway engines get in practice; the eccentrics 
and straps are of cast iron, the coupling rods have solid 


ends with or-bronze bushes working on case- 
hardened crankpins, all oi] cups are forged, or cast solid 
on the 


» and ev precaution appears to 
have eeu tahie ts inure durability. 
The boiler is of the usual locomotive of Lowmoor 
iron hout, and double rivetted in the longitudinal 
It is fed-by a feed pump worked by a separate 
eccentric and a "s injector. The chief proportions 
of the boiler are as follows : 





Heating surface : Firebox i 
Tubes (outside) 


, Total... “ne 
Flue area through tubes disregarding 
 ~ of firegrate to total heating sur- 
‘Ratio of flue area through tubes to fire- 
Ratio of firebox surface to external tube 


push rod, which is very easily adjusted. 


The feed tanks are placed one on each side of the 
smokebox, and are connected by a copper pipe. A 
fender-plate is securely fixed at each end of the engine 
to remove obstructions, and render it impossible to run 
over any person; plate: are also run along each side to 
conceal the wheels and coupling rods from view. The 
whole of the engine work is unusually strong for the 
dimensions of the cylinders; this has been found neces- 
sary, owing to the dust, and dirt, and rough usage these 
engines meet with on tramways. The boiler is kept low 
in order that the outside of the cab may look as unlike 
a locomotive, and as much like a car as possible. In this 
engine the exhaust steam is delivered into a copper tank 
in the smokebex, and thence discharged through a rose 
_jet into the chimney ; this is found to expand the steam 
heard, and to 


sufficiently to prevent the beat be 


su eat it, so. that unless in very cold damp weather 
it does not shew. The makers apply water condensers 








eee ie w 1: 5.4 

The wheels and axles are of steel, the former being 
2 ft. in diameter, apd the wheel base being 4 ft. 6 in. The 
brake is applied to all four wheels by the driver's foot, 
and by means ‘of a powerful toggle joint arrangement 
sufficient power is obtained to skid the wheels if required ; 
wear is taken up by a right and left-hand nut on the 





to some of their engines, but the above arrangement is 
found to be practically efficient enough for general use 
without the inconvenience and expense attached to water 
condensing. 

We noticed that the engine shown at Paris was No. 80, 
and considering the short time that steam has been intro- 
duced on to tramways, and the opposition that has 
had to be overcome, the progress is very creditable. The 
engine has been constructed under the superintendence of 
Mr. Jakeman, Messrs. Merry weather’s works manager, and 
it is evident some of the best modern locomotive practice 
has been carefully studied in its design. Many of the 
Merryweather engines are at work on the tramways 
of Paris and Rouen, as well as on tramways in Germany, 
Holland, Spain, Portugal, New Zealand, &c.; in fact 
Messrs. Merryweather have, we understand, up to the 
present time made upwards of one hundred of these en- 
gines. The engine “Eureka,” exhibited at Paris has 
been purchased for the Adelaide tramways, and the 
makers have now in hand six engines for the Dutch 
Rhenish Railway Company, who have tramways In con- 
nexion with their railway system. 

With reference to the employment of steam power on 
tramways, we may mention that on Monday the 3rd inst., 
Herr Carp, the manager of the Cassel Tramway Com- 
pany, when giving evidence before the Lords Committee on 
tramways stated as the result of two years’ experience 
with Messrs. Merryweather’s engines on his lines, — 
they did not emit smoke or steam, and made exceedingly 
little noise. There had been accidents with horses in two 
or three instances, but in each case the driver of them 
had been found to be intoxicated, no blame being = 
butable to the engines or the men in charge of them. il 
the town the engines travelled at the rate of eight m ro 
an hour, outside the town the — was poe © 
about ten miles ; the engings could be brought to a 


G0’ : 
stop in their own | We may add that the — 





regulations in Germany are very severe, and had t 




















“ec 





WHAAACNONAL 


” 


(292 bog 908 ‘woundisosegy 40) 


‘SWH daduvod NO NNO 


NOL 





8§ HHL AO 


NOISOIdxXHd HHL 





‘6Z8T 


83 HOUVA ‘ONTURANIONG 





























ie C69 Le euagpumoary wadous 


v7] by 























ennee eee | 








renee | x 











ts & 2225-56524 3 4 - 


2 


— 
































v2) 


Y/y 





a al! 


y, — 
"\ MMi 7 7 r 
ti, Sime 06 36 cH . 


+ 


OF tt uh tt 
—————- ._- 
G9 bil 08i SBI 








ei 1 





























£ 
%Y 
= an ow 70 = 
- - : i > ~ 
‘ ro 
, iP 
est zér} PS op 
ye SF 
4 
ys 


4 


Yy, 


5 g OF Fb RE : 
4 te LU 
ceo 




















WMdna 























Marcu 28, 1879.] 


ENGINEERING. 


257 





SLOTTING 


MACHINE. 


CONSTRUCTED BY MR. WILLIAM ASQUITH, ENGINEER, HALIFAX. 
| 


ee _ i 


TUN, ANU 


been any annoyance or inconvenience to the general 
traffic, they would have been rigidly enforced, particularly 
as the company is an English one, without local “ friends 
at court.” In a report recently issued respecting : the 
Rouen tramways, it is stated that they have been in full 
working operation, entirely by steam power (six of 
Messrs. Merryweather’s engines are running there) with 
the most satisfactory results, both as to efficiency of 
service and economy of working expenses, The Minister 
of Public Works of that city, writing officially, remarks : 
“ The locomotives having fulfilled with great regularity 
all the conditions necessary for security, the engineers 
consider that it is desirable to authorise the city of Rouen 
to continue mechanical traction, and as the trial of the 
train of two cars has also presented the most complete 
success, it is proposed to continue it and extend it even 
to three cars,” 

Altogether we have received excellent reports of the 
working of Messrs. Merryweather’s tram engines, and we 
hope hereafter to illustrate some further improved 
arrangements of such engines which they have lately 
adopted. 





ASQUITH’S SLOTTING MACHINE. 

We give, above, an engraving of a large slotting ma- 
chine for heavy work, constructed by Mr. William 
Asquith, of the Highwell Road Works, Halifax. The 
ram has 20 in. stroke, and has a slow-cutting and quick- 
return motion, these motions being given by a link and 
sliding block as shown, and the parts being so propor- 
tioned that the connecting-rod from the block to the ram 
is never more than 5 deg. from the vertical line. The 
ram is balanced so that the return stroke is made as 
easily as the down stroke, and Wear and tear of the 


belt is thus saved. The machine wilftake in work 
6 ft. in diameter, and the table and c¥ 


slides are self- 











acting in thecircular, transverse, and longitudinal motions, 
and have a variable feed. The table and slides are so 
arranged that the workman can control either or all of the 
motions from either side of the machine, thus facilitating 
the adjustment of work. The ram is adjustable by a 
wormwheel and screw at the centre of the ram, and in 
designing the machine great care has been taken to secure 
that handiness which isso essential to prevent loss of time 
in the working of tools generally. The weight of the ma- 
chine we illustrate is 11 tons, and it is altogether of a very 
neat and substantial pattern. 


FULLER’S SPIRAL RULE. 

WE annex an engraving of a new form ‘6f slide rule 
for arithmetical calculations which has been desi to 
improve and extend greatly the capabilities of t in- 
strument so as to render it efficient for the calculations 
required by engineers both as regards facility and 
exactitude. The instrument has been designed by Pro- 
fessor George Fuller, of Queen’s College, Belfast, and it 
is being made by Mr. W. F. Stanley, of Great Turnstile, 
Holborn. 

In the ordinary forms of slide rule the rules are either 
straight or circular, and facility of handling has practi- 
cally confined the former to about 2 ft. in length, and the 
latter to about 8 in. in diameter; these give for the loga- 
rithmic scale a length of from 1 ft. to 2 ft., amd conse- 
quently the number of divisions on them is very limited. 
It will be seen that by the expedient adopted by Pro- 
fessor Fuller of winding the scale in a helix round a 
cylinder it is very much enlarged, in fact, so-much ‘so 
that it is 41 ft. 8 in. in length, and thus allows 7250 divi- 
sions upon it without any crowding of the marks. ‘Re- 
sults can thus be easily obtained to one ten-thousandth 
part of the whole, an approximation amply suffitiént fér 
most engineering purposes, 








The instrument consists of a hollow wooden cylinder d 
lined with a woollen material, so that it is capable of 
sliding smoothly on the fixed cylinder /, this latter being 
fast to the handle e, by which the instrument is held. 
On the sliding cylinder d is marked the spiral loga- 
rithmic scale above referred to, while on the fixed cy- 
linder fare mounted a series of Tables giving numbers 
useful for reference. To the base of the cylinder f is 
secured the fixed index 6, while sliding within the cy- 
linder f is a kind of plunger g, which carries an arm h 
having two indices a and e¢ situated at a distance apart 
equal to the axial length of the spiral scale on the cy- 
linder d. Two stops, o and p, are provided, these being 
so placed that when they are in contact, the index b 
points to the commencement of the spiral scale. 







8 9 


J 


To multiply by the instrument, the two stops just 
noticed are brought into contact, and the movable index 
is set to the multiplicand. The cylinder d is then moved 
until the multiplier is brought to the fixed index, when 
the product can be read off at one of the movable indices. 
It will be unnecessary for us to describe here the various 
operations which can be performed by Professor Fuller’s 
rule, as they will be evident to all conversant with the 
slide rule, but we may say that the instrument is very 
easy to manipulate. 

A good feature in the arrangement is that the reading 
of the scale is done by means of indices and not by means 
of a second scale as in the usual form of rale. Those 
who have worked with the latter will have often been 
troubled with the difficulty of reading or placing a number 
that falls between two marks on one scale against one 
that falls between two marks on the other. 

By means of a scale marked on the movable index and 
one on the cylinder above the logarithmic scale, any power 
or root of a number is easily obtained, so that all the 
various operations of arithmetic can be performed by 
means of the instrument. 





THE “THUNDERER” EXPLOSION. 

In our number for February 14th last (vide , e 7” 
ante) we gave an engraving showing a section, fully di- 
samuel of the 38-ton ate which recently exploded 
on board H.M.S. Thunderer, and as a supplement to this 
illustration we this week give a two-page engraving 
showing the arrangement of the Thunderer’s fore-turret 
and the hydraulic loading gear, together with views of 
the exploded gun, our ry oy s being prepared from 
the drawings illustrating “Minates of Proceedings 
of the Thunderer Committee. 

Fig. 1 of our two-page engraving is a section of the 
fore-turret of the Thunderer, with the shown. in 
position for loading by means of the hydraulic loading 
gear, the arrangement of which is also shown. Figs. 2, 
8,and 4 are plans of the turret drawn to a reduced scale 


and showing the itions of the men, & the . 
Gilerent Gporations of loading and ,. Thos. ne : 


shows the positions on commencing to , 
while etttéctng the projectile, and after firing gear. is set, 
while Fig. 4 shows the firing position, both guns being run- 





out. The whole operation of loading is described in de- 
tail in paragraphs 5 to 9 of the report of the Committee 
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SCREW PROPULSION. 

THE question of screw propulsion has been so 
long mixed up intimately with that of the resistance 
of ships that it is not always easy to keep them so 
distinct from each other as is desirable for the sake 
of clearness, We refer, of course, in saying this to 
the general and popular ideas on the subject. Men 
like Professor kine and Mr. Froude have long 
me the line of demarcation between the two 
subjects distinct enough in their scientific investi- 
gations ; but in practice, whenever we come to deal 
with the matter from the point of view of steam- 
ship trials, whether on the measured mile or on 
Ocean voyages, we get the two things mixed up in 
such @ way as to make it very difficult to draw a 
—_ conclusion either on one subject or the 

er. 

We believe this is the main cause why the vast 
— of nee a from the steam trials made 

year to year with the ships of the Royal Na: 
and carefully recorded in the Departement of the 
Chief Constructor of the Navy, have been of s0 
little use in throwing light upon either screw pro- 
pulsion or the resistance of ships, 

There can be little doubt that this state of thin 
will soon come to an end, and that steam trials in 
the future will be conducted on a far more rational 
and intelligible system than heretofore, The objects 
aimed at will be higher, and more worthy of the 


Vast expense that steam trials always entail; they 








will, let us hope, be directed to the elucidation of 
scientific knowledge without impairing, but rather 
greatly augmenting their usefulness for purposes 
of practical comparison. 
ere can be no doubt that practically the 
Admiralty steam trials have been of great service to 
the designers of bt phew because, knowing the 
forms of the lines of the different vessels, they could 
generally ‘‘ thumb out” a set of constants for a new 
ship from those that had gone before her, and make 
a fair approximation to the speed. We can easily ima- 
ine, however, the sense of humiliation that would be 
felt by a designer having a scientific order of mind— 
and the Admiralty is fortunate in the possession of 
many such—in going through a process of this kind. 
The wonder is that some one from within the de- 
partment has not broken down the old system of 
trials years ago; but perhaps it is a still greater 
wonder that more advance has not been made in the 
direction indicated by Mr, W. Denny, of Dumbarton, 
a few years ago in the pe er read by him before 
the Mechanical Section o the British Association at 
Bristol, on ‘Progressive Trials,” and especially 
since Mr. Froude showed, in 1876, before the In- 
stitution of Naval Architects, what a splendid 
harvest of scientific knowledge was to be reaped from 
the data supplied by such trials. 

Mr. Froude’s words on the subject are as eloquent 
as they are instructive. ‘“‘No doubt,” he said, 
‘‘the limited view of the proper range of the inquiry 
to which the trials are tatended to supply an 
answer, arose from the belief that resistance must 
be as the square of the speed, and horse power as 
its cube ; and this belief, incorporated into one or 
other of the well-known ‘ constants,’ has survived 
more or less persistently in spite of attacks and 
misgivings, and has constituted a self-supported 
obstruction tonew ideas. It is also true, however, 
that measured mile trials, even as at present limited, 
are costly experiments, and notions of economy have 
assisted to damp the ardour of those who have 
been on other grounds willing to become innovators. 
But no expenditure ostensibly encountered in the 
search for truth is really so uneconomical as that 
which, while it seems to furnish information, helps 
to support error and, in fact, ‘darkeneth counsel 
by words without knowledge ;’ and it is to Mr. 
Denny’s honour that, finding the so-called constants 
were invariably variable and inconsistent, he de- 
termined of himself to strike out a new line and 
find out by trial what is fact, instead of contenting 
himself with assuming what ought to be the relation 
between indicated horse-power and speed.” 

By the help of those experiments Mr. Froude 
was able to deduce the fact that the initial friction 
of a marine engine, constant, or very nearly con- 
stant at all speeds, amounts to from one-sixth to 
one-eighth of the gross load on the engine when the 
latter is working at its maximum speed and power, 
while at slower speeds as much as half the indicated 
horse power may be absorbed in this way. It also 
enabled him to build up as it were and account for 
the enormous loss of 60 per cent. of the power ex- 
pended, which his experiments with the Greyhound, 
as well as his own model experiments, had shown 
him does take place in propelling a screw steamer 
through the water. 

There can be no doubt that Mr. Denny’s steam 
trials and the discoveries made by Mr. Froude 
thereon, form a landmark in the history of screw 
propulsion, perhaps the most important one of the 
present age. It enables us ina measure to eliminate 
the question of screw propulsion from that of shi 
resistances, and certainly as the results of trials 
conducted on the “progressive” principle become 
multiplied, we shall’ be enabled to do this most 
effectually, It would be a thousand pities—and 
worse—if the future trials of the Admiralty shi: 
are not conducted ‘ progressively” instead of merely 
at full and half boiler power. Some ships have, we 
are aware, been tried at other speeds, but the thing 
has not been done systematically. The different 
speeds have in such cases for the most part been 
tried on different days and under different condi- 
tions, 80 that a speed curve could not be relied on to 
the same extent as if the trials were consecutive and 
formed parts of a series carried out under the same 
conditions. We regretted much to see that the 
trials of the Iris were not carried out in this way, 
because in addition to the valuable results 
obtained from her, we should doubtless have gained 
much further information, 

Nothing can illustrate this more clearly than a 
brief glance at some of the seeming anomalies 
brought to light by the Admiralty trials, which are 


~~ 
Y | and accuracy with which the 





apparently incapable of explanation, but which must 
have been sooner or later cleared up, if the system 
of ‘‘ progressive” trials had been carried out, 

We know the Admiralty ‘‘constants” are ob- 
tained from the formule 


Spood* displ. _ net 
LHP. : 
and 
Speed ® x mid. sec. =constant, 


and in these formule the assumption is made that the 
resistance varies as the square and the indicated 
horse power varies as the cube of the speed. 

Did the indicated horse power vary as the cube of 
the speed of course we should find the same con- 
stants fora ship at full power as at half power, 
but this is never the case, and almost invariably the 
constants at full power are lower than those obtained 
at the half-power trials, showing that the indicated 
horse power varies as a higher power than the cube of 
the speed. The assumption has been usually that the 
work due to resistance varied as the indicated horse 

ower, 80 that the lower constants were taken to in- 
icate a higher rate of resistance, and consequently 
when sister vessels gave constants differing ma- 
terially from each other the results became more or 
less inexplicable. Accordingly, if we compare the 
meas mile performances of sister ships like the 
Warrior, Black Prince, and Achilles ; or the North- 
umberland, Agincourt, and Minotaur ; or the diffe- 
rent vessels of the Invincible class; or unarmoured 
ships like the Active and Volage, we find differences 
in the results inexplicable so far as the records of the 
trials can throw light on them, It is not.so much that 
the constants differ in two ships having the same 
lines, for that might be accounted for by differences 
in skin surface and other matters, but the rates at 
which they change in going from say half power to 
full power is in some cases very marked, without any 
apparent cause for the same. 
ake for instance the Active and Volage ; the 
constants in the former at half power are 573.9 and 
191.3, and at full power 527.5 and 175.8, or a de- 
crease of about 8 per cent.; in the latter the half 
never constants are 601.0 and 200.3, while those at 
ull power are 478.1 and 159.4, ora decrease of about 
20 per cent. Surely here is a difference that is 
worth clearing > even at the expense of progres- 
sive trials. But there are far greater anomalies than 
this. If we compare the Hercules and the Belle- 
rophon, two vessels sufficiently alike in fulness of 
lines to justify the ee that their resistance 
from 12 knots up to 14 knots would follow very 
nearly the same power of the speed as each other, 
we find the Bellerophon’s constants only vary about 
4 per cent, between half power and full power, 
while those of the Hercules vary about 16 per cent. 
And equally astonishing is the fact that the constants 
of the unarmoured copper-bottomed and compara- 
tively fine-lined Inconstant show a decrease in 
oing from half power to full power as great as the 
ercules, and four times as great as the Belle- 
rophon, 
hese are extraordinary facts that cannot be 
accounted for by any analysis of the lines of 
the ships, and the steam trials do not assist us 
to account for them. They must of course be due 
to some marked differences in the friction of the 
engines or in the efficiency of the propellers, and 
progressive trials would doubtless in time solve 
such points much to the advan of both naval 
architecture and marine engineering. Many such 
instances could be given, but they are unnecessary. 
We will only here allude to one other comparison, 
viz., between the Invincible as at first tried and the 
Van; , two sister vessels having twin screws. 
In the latter vessel the constants were reduced in 
going from half power to full power about 14 per 
cent., whereas in the Invincible they were actually 
somewhat increased. Herewe believethe Invincible’s 
trial was deemed abnormal owing to the screw pro- 
llers not being well placed, or being unsuitable, 
ut progressive trials in such a case would have been 
invaluable. 

We think we have said enough to show that Ad- 
miralty steam trials as hitherto conducted have left 
much to be desired in affording the means whereby 
to account for the performances of the different 

We have not a word to say against the care 
are conducted ; it is 
the system we think at fault through not being 
carried far enough. We readily it they are 
more complete than the great majority of steam 
trials out in the mercantile marine, but at 
the same time the system of progressive trials in- 
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augurated by Mr. Denny and rapidly spreading 
among oe shipbuilders, is one which the 
Constructors of the Navy will do well to follow, and 
in fact must follow if they hope to make their steam 
trials as serviceable and as instructive as the public 
have a right to expect, and if they desire, as they 
doubtless do, to assist in solving the subtle and 
intricate questions involved in marine propulsion. 





GLAZED FROST. 

‘Tue cold and severe winter we have experienced 
has been the cause of many disastrous accidents, 
where loss of life and property have been far 
beyond the average. Its very severity has, how- 
ever, been the means of throwing interesting light 
upon physical phenomena of a very rare and un- 
common nature, and science has fortunately been 
able to glean, from the registered facts, some slight 
compensation for the general harm inflicted. The 

iar s‘azed frost that covered the neighbour- 
one of Paris, from the 23rd to the 25th of January, 
awoke the attention of French savans. Numerous 
observations were pane by competent and 
trustworthy men, and Professor Jamin, in an 
article published in the Révue des Deux Mondes, 
of the sth of February, not only recalls the 
date referring to the phenomena we allude to, but 
further offers explanations, based on purely scientific 
principles, that afford complete satisfaction. Our 
object is to submit M. Jamin’s conclusions to our 
readers’ appreciation. 

The unprecedented glazed frost (verglas) that 
covered a large portion of France at the time we 
have mentioned, caused immense havoc and de- 
struction in the country round Paris, and more 
especially in the large and beautiful forest of Fon- 
tainebleau. The French papers were, at the time, 
full of these disasters, and their description ap- 
peared hardly credible to those who had not 
witnessed the facts alluded to. Large trees were 

spoken of as having been felled to the ground by 
: the weight of accumulated ice, without the inter- 
vention of either wind or stormy weather. Tele- 
graph-posts were overturned, the wires broken, and 
for several days telegraphic communication became 
mostirregular throughout France. Estimates were 
soon forthcoming to show that, far from being 
exaggerated, the descriptions contained in the daily 
papers hardly conveyed a correct idea of the extent 
ofharm done; 150,000 cubic metres of wood were 
brought to the ground in the forest of Fontaine- 
bleau alone, and of the young trees of Villefermoy, 
from 60 to 80 per cent, were broken or utterly de- 


stroyed. 
During the preceding weeks, large quantities of 
snow fallen, sweeping from the atmosphere the 


germs, dust, and other impurities it commonly 
contains. The air was therefore unusually pure. 
We shall see how this circumstance holds a pro- 
minent place in M, Jamin’s theory. 

On the morning of the 23rd the thermometer 
marked 4 deg. below zero (Centigrade). The 
weather was perfectly calm and not a breath of air 
stirring, when a thin and vertical rain began to 
fall. Notwithstanding the temperature being at 
4 deg. below freezing point, the rain fell per- 
fectly liquid, and entirely free from any icles of 
ice. This continued for two days, without any 
change in the circumstances just mentioned. The 
rain was, however, instantaneously frozen on touch- 
ing the ground, so that every exposed object was 
rapidly covered by a coating of ice. In many cases 
the crust was quite out of proportion with the sup- 
porting body. Telegraph wires were enveloped in 
cylinders that measured from 2in. to 3in., and 
leaves were covered by crusts of ice of more than an 
inch in thickness. Where trees grew ther the 
ice that accumulated on their entangled branches 
and leaves, gradually became a solid mass, that 
weighed heavily on its fragile support. A branch 
of ieiniadan. weighing 13 grammes, was found 
to support 330 grammes of ice. The telegraph 
wires to support fifteen times their own weight. 

The silence of perfectly calm weather was soon 
interrupted by the crashing noise of falling trees 
and branches. All had to give way under the 

ually accumulated masses of ice. At Fontaine- 
leau some of the largest trees were unable to resist 
the heavy pressure. An oak tree measuring 7 ft. 
in circumference, was broken off at 12 ft. from the 
soil and hurled to the ground. Never did so much 
destruction come by so unexpected a means. 

Nor were living beings al spared. Birds 

were found fixed to the ground in a coating of ice. 


They were in an upright position, and had evidently 
been caught instantaneously in a sheet of ice. The 
rain, as it fell upon them, was frozen, hindered their 
movements, and once motionless, the coating rapidly 
grew thicker. M. Jamin remarks that the large 
animal remains of past geological epochs, formed on 
the borders of the Lena river, in a perfect state of 

reservation, were probably caught and fixed in a 
bed of ice, by a similar ry we 

It is a well-known fact that if due precautions 
are taken, water can be preserved liquid at a tem- 

erature of several degrees below freezing point. 
Fahrenheit, Blagden, and Gay-Lussac, made many 
successful experiments, and at a more recent date 
Despretz was able to attain a temperature of 20 deg. 
below zero without the formation of any ice. A 
vibration, however slight, or the contact of any- 
thing solid, and especially of a particle of ice, is 
sufficient, under these circumstances, to freeze the 
water in an instantaneous manner. 

When ice is heated, it melts more or less rapidly 
according to the temperature applied, but in no case 
does it suddenly become liquid. ‘The operation is 
invariably gradual, and to the last, whatever may 
be the surrounding temperature, the remaining ice 
is constantly at freezing point. This phenomenon 
was a puzzle for natural philosophers, and what be- 
came, it was asked, of the heat _— It gave 
rise to the theory of latent heat, by which it was 
considered that the change from solid to liquid de- 
manded a mechanical effort represented by the heat 
absorbed. ‘To transform ice into water, it is there- 
fore necessary to furnish a given amount of latent 
heat, which has to be taken away again, when the 
change from water to ice has to be achieved. 
Water can be frozen in two different ways, the 
choice of which is regulated by outward conditions 
alone. By the first method water at once loses a 
portion of its latent heat; ice is formed gradually, 
and the remaining water keeps at the temperature of 
freezing point. In the second case the latent heat 
is not in any way lost at first, and as the tempera- 
ture is lowered so does the water get colder without 
losing its liquid form, The greater the precautions 
taken, the lower the temperature can be carried. 
The total amount of water is then instantly con- 
gealed, and however low the temperature may have 
been, the ice that is formed rises at once to freezing 
point. The experiments we allude to above refer to 
this possibility of lowering the water’s temperature 
under certain appropriate conditions, without de- 
priving it of any portion of its latent heat. We 
shall now attempt to apply these theoretical prin- 
ciples of natural philosophy to the phenomena we 
have described as occurring over so large a portion 
of France. 

Glazed frost is produced under several different 
circumstances, Snow that is slightly melted on 
the surface, may suddenly freeze and give rise to a 
superficial coating of ice. Abundant dew when 
frozen may also cover the ground with a film of ice. 
And, lastly, something similar happens when, after 
very cold weather, the wind suddenly changes, and 
the temperature rises. A slight drizzling moist or 
rain invariably commences, that is at first frozen by 
the contact of the cold soil. But none of these 
glazed frosts ever produce anything beyond a thin 
coating, that seldom lasts. Very little connexion 
can therefore be found between them and the ex- 
tensive glazed frost of January. We must search 
for a totally different origin. 

De Saussure was the first to remark that the 
Alpine fogs could stand very low temperatures with- 
out congealing. The same has since been observed 
in northern climates. Nor, were it otherwise, 
should we ever see fogs in cold weather. M., 
Fournet, of the faculty of Lyons, asserts that they 
seldom freeze before attaining 14 deg, or 15 deg. 
Centigrade. The small liquid globules of which fogs 
are composed are then frozen, either into small solid 
needles, or into a frost smoke. It is probable 
that the very division of the water into small 
globules is a favourable circumstance, and assists it, 
in a great measure, to keep its latent heat so long 
and remain liquid. 

There is no reason why rain should not do the 
same if placed in the favourable conditions required. 
Although the water is here less divided than in the 
case of fogs, we have seen what results have been 
obtained in laboratory experiments. We know that 
when all is kept still and quiet, when contact with 
solid bodies, and above all with ice, is avoided, the 
temperature of water can be lowered without any 





ice being formed. We may add that uniform move- 
ment is no obstacle, for Blagden was able to run 


out water gently at a low temperature without 
altering its liquid state. Messrs, and Gode- 
froy, who studied the Fontainebleau frost, may 
therefore assert, with every reason, that what they 
were able to observe was simply an uncommon illus- 
tration by nature, of what had often been studied 
mee ann 5 by natural philosophers. The atmo- 
spheric conditions we referred to in the commence- 
ment of this article were most a The 
air, as we have already seen, was not only calm, but 
what is more important, was clean and free from 
the solid particles it usually contains. The rain was 
able to fall, not only quietly, but also without 
coming in contact with anything solid. It kept its 
liquid form, precisely as a winter fog and as 
laboratory water can keep liquid, and preserve their 
latent heat for several degrees below freezing point. 
But why, it might be said, can this phenomenon be 
so seldom observed? It stands to reason, that M. 
Jamin’s theory being based upon the excessive 
purity of the air at the time the rain fell, the special 
circumstances required can only be repeated at very 
rare intervals. ‘They have never before, we may 
safely say, attracted the same attention or spirit of 


inquiry. 


METROPOLITAN GAS SUPPLY. 

RECENTLY, there seems to have been a contest 
among the local authorities and the Metropolitan 
Board in reference to the result of gas testing. In 
St. Pancras the supply of gas, as regards quality, 
has become a subject of discussion, at the instance 
of the gas examiner of the parish. It was deter- 
mined to call in disinterested authorities to test 
the gas, and see if it were of 16-candle standard, 
according to the requirements of the Act of Parlia- 
ment. Mr. Lloyd, who formerly acted for some 
time as gas examiner to the Metropolitan Board of 
Works, found on two occasions, during last De- 
cember, that the illuminating power was only of 
14 candles. Mr. Stokes, the public analyst, also 
tested the gas on December 21, when he found the 
illuminating power only equal to 15 candles. Mr 
F. W. Hartley, C.E., was then requested to examine 
the testing apparatus with the view of ascertaining 
whether it was accurate, and could be depended on, 
and he replied to the effect that the apparatus was 
correct. ‘Che vestry then invited Mr. Vernon Har- 
court, one of the three gas referees of the Board of 
Trade, to attend and witness the testing of the gas, 
which he did, and it has been stated that the result 
only showed 14-candle power. But from the ap- 
pearance of the flame he doubted the accuracy of 
the apparatus, and asked that the latter might be 
again tested, which was done by Mr. Hariley in the 
presence of Mr. Keates, the chemist of the Metro- 
politan Board, and again it was reported that the 
apparatus was effective. But as a report had been 
issued by the chief gas examiner to the Board of 
Trade that the gas supplied by the Gas Light and 
Coke Company during the period referred to was 
up to the standard, proceedings on the part of the 
vestry or private consumers would be fruitless. 
The following bears on the point in question, being 
an abstract of the report just referred to. 

Dr. Williamson, FRS, the chief gas examiner to 
the Board of Trade, reported to the Corporation of 
London the results of the daily testings of the gas 
supplied to the City during the past quarter by the 
Gas Light and Coke Company. He states that with 
regard to illuminating power the maximum, mini- 
mum, and average in standard sperm candles had 
been at the Beckton testing station 17.9, 15.5, and 
16.9, respectively, and at Friendly-place, Mile-end, 
17.7, 16.2, and 16.7. At Beckton, on one occasion, 
the illuminating power fell slightly below the re- 
quirements of the Acts of Parliament, but the de- 
ficiency was due to an unavoidable cause. As 
regards purity, sulphuretted hydrogen had not been 
present in the gas at either of the stations. The 
——— of sulphur in other forms were at 

ton, an average of 12.6 grains per 100 cubic 

feet of gas, and at Friendly-place 14.1. Even the 
maximum, at both stations, had been considerably 
below the limits of the Acts of Parliament, and the 
average much better than required by the Acts. 
Ammonia had been present in the gas at both 
stations to a slight extent. At Beckton it had ap- 
rarely during the quarter, but the station 

was closed for repairs from November 6 to December 
17 inclusive. No returns had been made from either 
of the stations of the amount of — This re- 
port is evidently decidedly in favour of the gas 











company. , ‘ , 
At a recent meeting of the Newington vestry, in 
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South London, the question of the standard illumi- 
nating power of gas was in discussion. Dr. Iliff 
porte with reference to a letter that had been 
received from the St. Pancras vestry on gas test- 
ing, he had gone into the matter very fully. The 
vestry in this letter stated that in November and 
December last, their gas examiner and others called 
in, pronounced the gas supplied to the parish to be 
below the Parliamentary standard (16 candles), and 
that on their considering the propriety of taking 
legal proceedings, they were met by the fact that 
the gas examiners appointed by the Metropolitan 
Board of Works reported the gas at the same period 
to be right. In his opinion no legislation would 
meet satisfactorily such a difficulty, and he thought 
the matter should at once have been laid before the 
Metropolitan Board of Works with a request that 
they would institute an inquiry; and he believed 
that if they had done so the cause of error would 
have been discovered. He wished, not for the first 
time, to make the suggestion that the gas-testing 
burner should be not only more minutely described, 
but that an exact copy be deposited with each 
vestry, to be used if preferred, at the testing station 
by the examiner on his visits. 

These few facts in regard to the opinion of the 
local authorities against the recognised official de- 
claration of the Board of 'Trade and the Metropolitan 
Board of Works at least tend to show that the results 
of gas testing, as now conducted, are by no means 
satisfactory. ‘This view has been enhanced by the 
question being taken up specially by the Metro- 
politan Board at the end of last February. At the 
meeting referred to, the report of the Special Pur- 
poses and Sanitary Committee having been read, it 
was stated that a letter had been received from the 
Board of Trade transmitting a copy of a communi- 
cation from the gas referees as to the position of 
the testing places, and as to the testings for pressure 
of the gas supplied by the Gas Light and Coke, the 
Commercial, The South Metropolitan Gas Com- 
panies, the Committee recommended: That a com- 
munication beaddressed to the Board of Trade, stating 
that, in the opinion of the Board, it was desirable 
that all testing places should be situated in the 
district in which the gas to be tested will be con- 
sumed ; that if they are so situated, the Board con- 
sidered that the testings for pressure would be 
satisfactory ; that the Beckton testing place was 
unnecessary ; and that such alteration should be 
made in the penalty and other clauses of the several 
Companies’ Acts as might be consistent with the 
maintenance of the testing places in the districts of 
consumption. ‘lhe recommendation of the Purposes 
Committee was approved. 

At the same meeting of the Metropolitan Board, 
Mr. Richardson, in pursuance of notice, moved that 
the Board oppose that clause in the Gas Light and 
Coke Company’s Bill, which would enable a 
magistrate before whom a forfeiture is recovered for 
defective gas, to reduce the amount of the forfeiture 
to such a sum as he may consider just and reasonable, 
and that so much of the resolution of the Metro- 
politan Board at the meeting of February 14th 
approving of the report of the Parliamentary Com- 
mittee be rescinded. On the motion being put, the 
votes for and against’ (fourteen) were equal, but as 
two-thirds of the members present had not voted, the 
motion was not actually lost. 

The foregoing statements do not appear favourable 
to Government by local authorities. We find the 
Board of Trade, the Metropolitan Board, and the 
vestries all at variance on the crag om of gas testing, 
one of a comparatively simple kind, and that has 
been settled in principle and practice, both by Acts 
of Parliament and by eminent chemists. The 
dilemma is at once curious and amusing. ‘The law 
fixes the standard of illuminating power at 16 candles, 
gives precise directions for testing, imposes penalties 
for default, and yet we see that by a difference of 
opinion among practical men the law may be made 
inoperative. At present, when the electric light is 
1ecelving much attention, itis unfortunate that such 
differences should occur. The ges companies hold 
& powerful position. Through cheap coals and iron 
they are making excellent dividends, The electric 
scare has ceased to frighten, and the differences as 
to our power of testing gas will embolden them. It 
is a pity that science should seem to fail at such a 
juncture, From theastute character hitherto shown 
by the gas authorities we should not at all be sur- 
prised to see them attacking the ‘candle power” of 
the electric light, and then perbaps the entire prac- 
tice of testing artificial illumimation of all kinds, 


of serious investigation, and some fallacies that 
certainly exist might become moore. Both the 
companies and the consumers would thus be placed 
on a more equitable footing. 





THE EXPLOSION ON BOARD THE 
“THUNDERER.” 

THE Minutes of the Proceedings of the Committee 
appointed to inquire into the cause of the explosion 
of the 38-ton gun have been published. The pro- 
ceedings are far too bulky to be reproduced by 
us in extenso, but for the benefit of those of our 
readers who have not seen the Minutes themselves 
we publish this week a two-page engraving pre- 
pared from the principal drawings contained in the 
document, while we give on page 257 a descrip- 
tion of the illustrations which we reproduce. In 
addition we now propose to extract the chief 
evidence in favour of and against the theory of 
double loading, so that our readers will be enabled 
to draw their own conclusions as to the value of 
the verdict at which the Committee have arrived. 
We shall hereafter call attention to the principal 
— in the evidence, but we may remark before- 

and that most of the witnesses examined deposed 
to facts which if accepted as true completely upset 
the conclusion arrived at by the Committee, this 
conclusion, indeed, appearing to have been decided 
upon, not in consequence of the facts as observed and 
deposed to by the eye-witnesses, but in consequence 
of an ingenious and ably elaborated theory put for- 
ward by Captain Noble to account for the explosion, 
and which ‘enees though it was at variance with the 
principal evidence, nevertheless gave a distinct bias 
to the whole of the proceedings of the Committee, 


We now give in one column the statements of those 
witnesses whose evidence would appear to —- 
of Captain Noble’s theory, and side by side with it, 
the evidence mainly relied upon by the Committee 
in support of their conclusion. 


Witness :— 

Captain CHATFIELD, R.N. 

157. (Chairman.) Did you 
yourself see the broadside 
that was fired electrically 
just previous to the bursting 
of the gun, if so, please to 
state result of your observa- 
tions as to the striking of 
the shot upon the water? 
—I saw three shot of the 
electric broadside strike 
water and ricochet for a 
very considerable distance, 
some thousand yards from 
the ship. One shot only 
came from the after-turret 
and two from the fore-turret, 
which I knew from the shot 
crossing after striking the 
water. I feel perfectly con- 
vinced in my own mind that 
it was a projectile, and not 
a gas check, that struck the 
water. 

158. How was it only one 
shot came from the after- 
turret?—One gun missed 
fire, although the electric 
tube had exploded. After 
the gun in the fore-turret 
burst, I gave orders for the 
missfired gun in the after- 
turret to be drawn and cart- 
ridge thrown overboard, and 
it was reported to ,.me by 
Lieutenant Stewart, the 
lieutenant of the after- 
turret, that this had been 
done. 

169. (Major Owen.) At 
what distance from the ship 
did the three shot severall 
first strike the water?— 
should say about 400 yards. 

170. Were you able quite 
distinctly to follow at the 
same time the ricochet of 
three several projectiles, 
which would be at irregular 
distances and in different 
directions, or do you think 
it possible that you might 
have made some mistake in 
this ?—I do not think I made 
any mistake. 

174. In case of a missfire 
what means has the officer 
in charge of the fore-turret 
of himself observing whether 
such a thing has happened ? 





even the sperm candle itself, might become a subject ! of 


—If the did not recoil 
that would be sufficient proof 
a missfire. If the gun 


Witness :— 

WILuIAM TRINHAM. 

219. (Chairman.) Were 
you aloft on morning of 
2nd Jan » when gun in 
fore-turret burst, watching 
shot practice >—Yes. 

220. Do you remember a 
broadside being fired just 
previously to the gun burst- 
ing P—Yes. 

221. How many shot did 
you see strike the water 
from that broadside?—Two. 

222. Do you know how 
many guns were fired from 
that broadside?—I cannot 
say, but I saw two shot; 
that was all the shot I saw. 

223. If a third shot had 
been fired, do you think you 
would bave seen it?—Yes. 

224. (Rear-Adml. Boys.) 
cap Gahan to ated tones 
top ore wa 
practice ?—Yes. 

225. From which turret 
did the two shot you saw 
come?—QOne from each 
turret. 

226. How long have you 
been in the ship?—All the 
commission, two years on Ist 


May. 

227. Has it been your duty 
always to be in the top to 
look out for the practice ?— 
Yes. j 

228. Were you using a 


glass ?—No. 
229. Where did you watch 
for the shot, coming from 


the turret, or by looking at 
the target?—By watching at 
the target. 
Witness :— 
James A. Moraan. 
266. (Chairman.) Were 
you aloft on the morning of" 
2nd January when the target 
ractice was going on ’— 
es. 
267. Do youremember the 
broadside that was fired just 
previous to the bursting of 


’ the gun in the fore-turret ? 


—yYes. I was not certain at 
the time whether it was a 
broadside or independent 


as. Did you see of 
’ y me 


the shot from that b 


had been run in with a hy- 
draulic lever after the order 
was given to fire, the officer 
of the turret would imme- 
diately find out from the 
number a‘ ing the lever 
whether the lever had been 
used f ing i 


or running in. 

175. Then in the latter 

case the Sentons'§ be + 
or 

toadiog fhe Lover, allecting 
e lever affoi 

him the information stated, 

would he not ?—The diffe- 

rence between the recoil on 


of the hydraulic ramming in 
is so great that no trained 
man or officer could possibly 
mistake one for the other. 
My former answer was — 
posing that the officer of t 
turret did not himself ob- 
serve the recoil or running 
in hydraulically of the gun. 
176. It is quite possible, 
is it not, that if the officer 
in this case m nearer 
to, and more especially ob- 
serving the right “gun 
he might not have observ: 
the recoil or running in of 
the other, personally, es 
cially when we consider that 
even the entire running back 
by hydraulics to the loading 
position need not take more 
than eight seconds. On the 
above supposition, he would 
then be entirely dependent 
for his knowledge upon the 
man attending the lever, 
would he not?—With re- 
ference to the first part of 
the question, itis, of course, 
possible that the officer of 
the turret may not have seen 
either of the guns recoil. 
With regard to the second 
part of the question, every 
man of the gan and captain 
of the turret would be 
—- well able to rt 
whether the gun ranin from 
the recoil if firing or hy- 
draulically. 
177. You mean to say, I 
presume, that the officer in 
charge of the turret and 
every man of the crew of 
the gun, if specially observ- 
ing the gun during the few 
seconds required for recoil 
or running back by tL . 
draulics, would be equally 
able to distinguish between 
the two latter ?—Yes, I be- 
lieve there could be no pos- 
sible mistake between the 


two. 

178. And, similarly, if the 
officer in charge of the turret 
or any man of the gun’s 
crew had not his attention 
fixed upon the gun during 
those few seconds, they 
ae he cunety — to 

istinguish whether the gun 
had been ran back by recoil 
or by the hydraulic gear ?— 
Under the circumstances you 
mention it-is possible, but I 
cannot imagine any trained 
gun’s crew so neglecting 
their duty and their drill as 
your question would sup- 


se. 
PWitness :—Sub- Lieutenant 
Joun A. M. FRAsER. 
186. (Chairman.) Were 
you stationed to observe the 
shot practice on 2nd January 
when the left gun of fore- 
turret burst ?—I was, from 
the crow’s nest at mast-head. 
187. State what you ob- 
served when the electric 
broadside was fired just pre- 
viously to the bursting of 
the gun?—I observed three 
shots fired, two from the 
foremost turret and one from 
the after-turret. The two 
from the foremost turret 
struck the water about 30 
yards beyond the target, 
and about eight yards to the 
left of it; ‘he shot from 
the after-turret struck the 
water about 25 — beyond 
the target, and about four 





strike the water, if so, how 
many ?—I saw . 


to the right of it. 


firing shot and the motion fired 


269. From which turret? 
I put them down, one from 
turret 


each 5 
270. Do you think a third 
shot from that broadside 
ight have been fired with- 
out you having seen it P— 
Yes. 

271. So far as your obser- 
vation went, how many shots 
do you believe were fired 
from that broadside P—I saw 
the two. 


272, Did you see the 


columns of smoke from the 


— om the guns were 
—Yes. 

273. Do you think either 
of them were due to more 
than one gun?—I cannot 
say; I was watching the 
fore-turret mostly. 

274, (Rear-Adml. Boys.) 
What was your duty in the 
crow’s nest ?—Attending the 
Gatli ‘ 


275. Were you firing the 
Gatling Rs Rapa 

276. Was the Gatling gun 
as towards the target? 
—Yes. 

277. Were you paying at- 
tention to the firing of the 
guns and the flight of the 
shot ?—After the report of 
the shot I was watching the 


t. 

278. Was that part of your 
duty, or were you merely 
looking at it while you were 
a ?—Merely looking at 
it. 

279. How do you judge 
that one shot came from 
each turret ?—I could see the 
smoke from each turret. 

280. Could you see the 
shot in the air before they 
struck the water; near the 

P—I did not watch the 
shot. I was looking at the 


eg 

1. Did you see how far 
the shot struck the water 
from the t P—A bout 40 
yardsover. I saw the splash 
in the water from both shot, 
about 40 yards over. 

282. Did you see the shot 
strike the water again after 
the first graze P—No. 

285. (Major Owen.) Re- 
ferring to answer 270, you 
say that you saw two shot 
strike near the on the 
firing of the b ide, sup- 

i another shot had 
struck the water almost at 
the mea time anywhere 
near the target, is it not pro- 
bable that you would have 
086, Will yon oxplain wh 

286. you explain why 
it is not probable that you 
would have seen it >—Some- 
times the two shots may 
pitch so very close together 
that they make a splash, and 
it is not certain whether they 
are two or one. 

Witness :—GrorGe SNELL. 

303. (Chairman.) Were 
you aloft on 2nd January 
whilst the shot practice was 
taking — P— Yes. 

304. 


‘ou remember a 
broadside ot fired just 
previous to the bursting of 
the gun in the fore-turret ? 
—Yes. 

305. How many shot did 
you see strike the water 
from that broadside P—Two. 

306. From which turret 
did they come? — They 
seemed to come one from 
each turret. 

_307. Did you see the shots 
sian wopuh te Geaane 
with res Pp 
Yes, I saw them pitch, one 
= 150 yards over the 

» in my judgment, 
and one just short of the 


308. Were they about in 
the same direction ?— Well I 
could not say as to the di- 
rection 


you in the top on the morn- 
ing of 2nd of January, when 
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188. Did you observe the 
shots ricochet after striking 
the water ?—No, not at all. 

189. (Rear Adml. Boys.) 
Are you in the habit of 

watching the target practice 
from the Thunderer and re- 
gistering the results of the 
po and if so, how long 

ve you been doing that 
duty ?—I am, and have been 
in the habit of doing that 
duty for the last 14 months. 

192. Are you quite clear 

that there were three dis- 

tinct splashes of projectiles 

striking the water on the 

——o first or electric 
ide on 2nd January? 

—tI am. 

Witness :—Joun CORNISH. 

201. (Chairman.) Were 

ou stationed aloft on 2nd 

anuary to watch the prac- 
tice when gun in fore-turret 
burst ?—Yes. 

202. Did you see the shot 
from the electric broadside 
that was fired just before the 
= of the gun took place? 
— Yes. 

203. How many shot did 
you see strike the water?— 

saw three shot strike the 
water, and I also saw them 
in the air before they struck 
the water. 

204. Can you tell us from 
which turrets the three shot 
came that you saw?—I am 
certain that two shot came 
from fore-turret, the third 
shot from after-turret. 

205. (Adml. Boys.) When 
the explosion took place, do 
you think there was more 
smoke or less smoke than 
usually comes from firing one 
gun in a turret?—I do not 
think there was more smoke 
than usual from the gun, 
but a great deal of smoke 
came up through the funnel. 

213. Were you looking 
through a glass ?—No. 

214. What were you look- 
ing at, the target >—Yes, 
I generally looked at the 
target. 

215. And whereabouts were 
the shot when yon first saw 
them in the air, near the 
ship, or near the target >— 
Just before they struck the 
water. 

216. Did you see the shot 
bound and ricochet more 
than once?—No. 

217. Then how many 
splashes did you see in the 
water altogether ?—Three. 

At the conclusiun of the 
examination of this witness 
Captain Chatfield stated to 

the Committee that on the 
electric broadside being fired 
the concussion from the fore- 
turret unshi the compass 
in the wheel-house over the 
fore-turret, which had never 
occurred before, and the 
staff commander remarked 
to him at the time that the 
concussion was greater t 
he had known before. 


This concludes all the material evidence of those 


a shot practice took place ? 
—Yes. 

326. Do you remember 
the electric broadside which 


was fired just before the gun 
in the fore-turret burst ?— 


Yes. 

327. How many shot did 
‘ou see strike the water 
rom that broadside ?—T wo. 

$28. If a third shot had 
been fired at that time, do 
you think you would have 
seen it?—I cannot say for 
certain. 

329. Whereabouts did the 
shots pitch that you did see, 
with reference to the ? 
One on the right, and the 
other on the left. 

330. Which turret did they 
come from, or was there one 
from each?—I cannot say 
for certain. 

331. (Rear-Adml. Boys.) 
Have you been in the habit 
of going up into the top at 
target practice ?—Yes ; ever 
since I bave been in the ship, 
21 months. 

832. What was your duty 
up there?—I was in the ar- 
et ~~ — and 

o. 3 at the Gatling : 
333. Did you sani: ob- 

serve where the shots fell at 
target practice?—Yes ; every 
time, without we are firing 
with the Gatling. 

334. Do you ever use 
— to look at the shot? 
—No. 

335. If more than two 
shots had been fired, do you 
think you would have seen 
them?—I cannot say for 
certain. 

336. Did you observe the 
shot ricochet after the first 
graze ?—I did not notice it. 

337. (Col. Dumaresq.) 
Can you tellin the crow’s 
nest, from the sound, 
whether one or two guns are 
fired from a turret ?>—Some- 
times you can. 

338. (Major Owen.) Re- 
ferring to answers to 328 and 
335, you saw two shot strike 
the water; if a third shot 
had struck the water about 
the same time as the two 
you saw, and anywhere at 
all near the target, is it 
much more likely that you 
would have seen it, or that 
you would not have seen it? 
—No; I have seen when 
electric broadsides were 
fired before it only appeared 
that two shots struck the 
water, and yet there were 
four. 

339. Have you seen this 
on more than one occasion, 
since June of last year?—I 
cannot say. 

340. Can = Say any oc- 
casion on which you did see 
it, or did you yourself ever 
personally see such a case 
with your own eyes ?—I have 
seen it more than once; I 
uever made any remark of it. 


witnesses who were watching the practice, and it 
will be noticed that out of four officers and men 
who were specially occupied in watching the pro- 
jectiles, two officers and one man, viz. Captain 
Chatfield, Sub-Lieutenant Fraser, and John Cornish, 
are all positive that three shots came from the 
broadside and that two came from the turret in 
which the explosion afterwards took place, while 
only one man, William Trinham, whose duty it was 
to watch the practice, stated that ‘1e merely observed 
two shots. The three other witnesses, J. Morgan, 
G. Snell, and J. Wills, were only casually looking 
on, and though they did not observe more than two 
rojectiles still their evidence was by no means 
at aternaly for whereas J. Morgan observed two 
shot strike the water 40 ft. beyond the target, 
George Snell on the other hand saw one fall 150 
yards over, and another one just short of the target, 
thus leading us to the inevitable conclusion that these 
two men saw between them three projectiles. We 
must also draw attention to the fact that J. Wills 


shot came from, but stated also that on more than 

one occasion he had mistaken two shot for four, and 

John Morgan freely admitted that he might have 

been mistaken as to the number observed by him. 
(To be continued.) 


LITERATURE. 


Sound; A Series of Simple, Entertaining, and Inexpen- 
sive Experiments in the Phenomena of Sound, for the 
Use of Students of all Ages. By ALFRED MARSHALL 
Mayer. London: Macmillan and Co. 

Tuis book is the last addition to the ‘Nature 

Series” of science manuals. It is intended to meet 

a want which becomes more strongly felt in propor- 

tion as physical science is studied and taught in a 

practical manner. The sooner the old system of 

mere book-learning is obsolete the better. No de- 
scription can bring a principle so clearly before the 
mind as a successfui experiment. The laboratory 
is the natural supplement to the class-room, As to 
text-books on Sound, nothing better for the general 
reader can be had than Tyndall, whilst the mathe- 
matical student will find all that he may require in 

Lord Rayleigh’s recently published treatise. A 

book professedly got up for laboratory work, was 

decidedly a desideratum, and Professor Mayer has 
well supplied it. His book contains 156 pages of 
very neat letter-press, and excellent illustrations, 

The subject is treated in 19 chapters; the theory is 

unfolded with succinctness in order to make room 

for the 130 experimental illustrations. It is quite 
evident from the clearness with which Professor 

Mayer writes that he has carefully repeated and 

varied the experiments in order to determine the 

simplest and cheapest forms of apparatus necessary 
for making them. This work is a valuable addition 
to our text-books. It shows in a striking manner 

‘‘how many really excellent experiments may be 

made with the outlay of a few pounds, a little 

mechanical skill, and patience.” 








Journal de Mathématiques Elémentaires. By Henry 
VursertT. Paris: 51, Rue du Cardinal-Lemoine. 
This journal appears twice a month, and contains a 
conttllosalte number of questions set at various 
mathematical examinations in France. It covers an 
extensive range of subjects, including trigonometry, 
co-ordinate geometry, and descriptive geometry. 
It is not a mere collection of examples; as such it 
could be of no great utility. But most of the 
problems are fully worked out either by the editors 
themselves or by contributors whose names are sub- 
joined to their solutions. Such a publication re- 
commends itself to the mathematical reader in 
general, but more especially to the numerous class 
of students who are preparing for public examina- 
tions. It isa matter of regret that we have nothing 
of a similar kind in English, We have many 
weeklies and monthlies that reprint the questions 
set at the London University, the Oxford and 
Cambridge local examinations, &c. ; but it is seldom 
that an answer is given, very seldom a full solution. 
The Journal de Mathématiques Elémentaires has al- 
ready reached its third year. It is a publication 
that has especial interest, in this country, for mathe- 
matical masters in schools and colleges. 





Campagna di Roma. Studi dell Ingegnere, P. pr Tucct 
Rome, 1878 

These remarks of a professional man who has prac- 
tised many years in the localities he describes, are 
well worthy of consideration. He is of opinion that 
the drainage and improvement of the Campagna 
will prove an undertaking even more serious and 
difficult than is generally supposed. He also thinks 
that the expense would be altogether beyond the 
resources of the local proprietors, who besides could 
not expect to derive benefits commensurate with the 
cost. The healthiness of Rome is a matter of 
national importance, and the Italian Parliament 
must make up its mind to provide at least a portion 
of the money required, which will be not far short of 
three millions sterling. 

On the other hand, the results obtained by the 
Piacentinis at Valchetta, and experiments made in 
other parts of the Campagna, show conclusively that 
with — and energy the environs of Rome could 
be made equal to those of any leading city in 
Europe. 
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SEWAGE DISPOSAL AT STOKE-UPON- 
TRENT 


Tue premiums of 150/ and 100/. offered by the Town 
Council of Stoke for the best schemes for dealing with 
their sewage, have been awarded, the former to Messrs, 
Scott and Redgrave, and the latter to Messrs. Bailey 
Denton, Son, and North. The designs, prepared by 
Major-General Scott, C.B., and Mr. G. R. Redgrave, em- 
brace the improvement of the River Trent by the forma- 
tion of a new channel, by which means sufficient power 
is obtained to lift the whole of the sewage into tanks, 
where it is treated with lime, and allowed to subside, 
The clear effluent is then passed over the grass land on 
the catch-water system by day, and allowed to flow on 


to prepared filter beds during the night. The cost of 
the scheme is set down as follows: 
£ 

Completion of the outfalls ... ab ws —- 4,065 
rs » Yoads and approaches 695 
Improvement of the River Trent ... ove 875 
——— of the land ove 920 
T. , works, and machinery oe 4,985 
Total ... —- ai — «+ 10,890 

The scheme of Messrs. Bailey Denton and Co. pro- 


vides for an outlay of 14,032/., out of which 68102 is 
expended upon the completion of the outfalls. There 
were 20 competitors, whose estimates ranged from 43111. 
to 20,710/. Five of the estimates were under 10,000/. 
Twelve ranged from 10,0001 to 15,0004 Two were 
under 20,000/, and one above that sum. The twenty 
schemes sent in may be thus briefly classified : 
eighteen out of the twenty candidates advocated irriga- 
tion; two recommended precipitation by lime or chemi- 
cals and downward filtration. Of the eighteen who 
recommended irrigation, twelve advocated subsidence in 
tanks without chemical treatment and downward filtra- 
tion, and six recommended the use of lime or chemicals 
as precipitants. Six of the schemes propose to use along 
with irrigation, subsidence in tanks and downward filtra- 
tion. The committee who undertook the selection of the 
designs had the assistance of an independent engineer to 
advise upon the different plans, and the council have 
decided to call upon Messrs. Scott and Redgrave to carry 
out the work, subject to their willingness to merge the 
premium in the commission. 





LIGHTHOUSE ILLUMINATION, 

At the meeting on the 25th of March, Mr. Bateman, 
President, in the chair, a paper was read on ‘‘ The Electric 
Light applied to Lighthouse Illumination,” by Mr. J. N. 
Douglass, M. Inst. C.E.. 

The author showed the progress of lighthouse luminaries 
from wood and coal fires to the introduction of tallow 
candles, fatty oils, mineral oils, coal gas, and electricity. 
In 1839 experiments were made by Faraday, for the 
Trinity House, at the Orford Low Lighthouse, with the 
Bude light, and in 1862, at the South Foreland, with the 
Drummond or lime light, but the results were not so satis- 
factory as to lead to their adoption. In 1857 experiments 
were tried at Blackwall with the electric light, produced by 
the first magneto-electric machine of Holmes ; and on the 
8th of December, 1858, the electric light obtained by Holmes’ 
second machineand a ‘‘ Duboscq”’ lamp, was shown on the 
~ for the first time from the South Foreland High Light- 

ouse. 

On the Ist of February, 1862, the Trinity House exhi- 
bited the electric light permanently at Dungeness Light- 
house, by Holmes’ magneto-electric machines and lamps. 
The works for the production of the light were described, 
and the first cost and maintenance given. The intensity 
of the electric luminary was about 12} times that of the 
oil luminary. The cost per unit of light per hour was 
0.1165d. for the oil, and 0.1294d. for the electric light. 
Frequent falling off of the latter light occurred, and the 
oil light had occasionally to be substituted. Shortly after- 
wards the French lighthouse authorities established the 
electric light at Cape La Héve, with the eto-electric 
machines of the Alliance Company of Paris. In 1867, 
Holmes farther improved his machine and lamp. Two of 
these machines and lamps were exhibited by the Trinity 
House at the Paris Exhibition of 1867, with a dioptric 
apparatus of the third order. The Souter Point —. 
house was lighted by electricity in January, 1871. 

light was adapted to a dioptric apparatus of the third order. 
A lower light from the same luminary as the upper one was 
here for the first time. The optical apparatus for 








was not only in doubt as to which turret the two 
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Assoc. Inst. C.E. A ‘‘ Holmes” fog trampet apparatus 
was also worked from the same engines as the electric light 
apparatus. The total cost of the works was 18,0001. The 
cost of the electric luminary per candle per hour was 0.056d., 
being rather less than half of the cost per unit at Dunge- 
ness. The maximum intensity of the beam from this appa- 
ratus was about 700,000 candies. The Trinity House next 
established the electric light at the South Foreland High 
and Low Lighthouses, in January, 1872. The apparatus 
for the production of the light consisted of two steam 
engines of 20 effective horse power, four Holmes’ improved 
magneto-electric machines and lamps, and two dioptric 
apparatuses of the third order for fixed white light. The 
cost of the additional works for these lights was 14,800I. 
The intensity of the full power beam from the High Light- 
house was about twenty times that of the old first order 
dioptric oil light. The relative cost per unit of light was 
as 100 oil to 30.6 electric. In 1873, the Trinity House 
adopted, for the Lizard lighthouses, Siemens’ dynamo. 
electric machine and lamp, and a siren fog signal. These 
were driven by three of Brown’s caloric engines, each of 
10 effective horse power. The costof the additional works 
for these lights was 14,936/., and the annual maintenance, 
including interest on first cost, amounted to 23651. 6s. 4d. 
against 10161. 7s. 11d. for the oil lights. The intensity of 
the full power beam of each light was about 330,000 
candles, being about 211} times the ‘intensity of the oil 
light. The relative cost per unit of light was 100 oil to 
14.04 electric. The successive improvements in the electric 
machines, ‘and in the means of driving them, had reduced 
the cost of the electric light at the Lizard to one-ninth of 
that at Dungeness, and the quantity of light produced at 
the Lizard per pound of coke consumed was increased 
twenty times. : 

The continued growth seaward of the shingle point at 
Dungeness ,led to the removal, in 1876, of the original 
electric light apparatus, and the substitution of a low flash- 
ing oil light and siren fog signal for both lighthouses. 

The author furnished information received from 
Allard, Director-General of the French Lighthouses, rela- 
tive to the electric lighthouses at Cape La Héve and Cape 
Grisnez, where Alliance magneto-electric machines and 
Serrin lamps had been adopted. It was intended to exhibit 
the electric light in the preseut year in a new lighthouse on 
the Isle of Planier, opposite Marseilles, and it had been 
decided to substitute the electric light for the oil light in 
the Palmyre Lighthouse at the mouth of the Gironde. 
Some information was also given relative to the electric 
lizhthouses at Odessa and at Port Said, these making 
ten in which the electric light had already been estab- 
lished. 

The comparative cost and efficiency were shown of light- 
houses luminaries produced by all the agents at present 
employed, viz., oil, coal gas, and electricity. Coal gas, on 
Wigham’s system, was applied to the Howth Bailey Light- 
house, Dublin Bay, by the Commissioners of Irish Lights, 
in June, 1865, and it had since been extended to seven 
lighthouses on the coast of Ireland. In 1872, the Trinity 
House adopted it at the Haisborough High Lighthouse. 
The additional cost of the works necessary for the intro- 
duction of gas at this station, was 1996/., and the annual 
maintenance of the gas establishment, including interest 
on first cost, &c., amounted to 8321. 4s. 3d. This light had 
a mean intensity of 1173 candles, and a maximum intensity 
for thick weather of about 2923 candles. In 1877 the 
necessary additions were made for lighting the Low Light- 
house (distant 766 yards), by gas from the same works, at 
a cost of 12961. The system of Mr. Wigham had been 
further developed by introducing the flames of two, three, 
and four large burners over each other in the axis of the 
dioptric apparatus. In January of last year the Com- 
missioners of Irish Lights adopted one of the latter lights 
in a new lighthouse at Galley Head, near Kinsale. The 
maximum intensity of the four burners combined for thick 
weather was about 5012 candles. The author next gave 
statements, showing the comparative focussing compactness 
of the lighthouse luminaries which had been referred to, 
for utilising in optical apparatus, viz., the lights prodaced 
by oil, coal gas, and electricity. The focussing superiority 
of the electric luminary, compared with the best of these, 
was as 616 to 1. Statements were given of the comparative 
average cost and annual maintenance of a single lighthouse 
(shore station) in this country, with colza oil, mineral oil, 
coal gas, and electricity, as the illuminating agents, both 
with and without a first-class 20 horse power siren fog 
signal. For a maximum degree of light equal to the single 
or combined intensity of the luminaries of the Lizard, the 
cost of the more perfect electric luminary per unit of light 
provided was about 43 and ; respectively of that of coal 
gas, and about 42 and 4% respectively of that of mineral 
oil, at their maximum intensities. With higher intensities 
of the electric luminary the cost per unit would be more in 
its favour, no farther addition to the working staff being 
necessary. 

From experiments by Faraday for the Trinity House, in 
1836, relative to the penetrative power of lights, through 
such obstructions as fog, mist, &c., and the more recent 
experiments by the French lighthouse authorities and by 
the Trinity House, with oil and electric‘lights, it might be 
assumed that, with the atmosphere so impaired for the 
transmission of light, that the oil luminary at its maximum 
lutensity, would be fairly visible at the fog signal range of 
two miles, the electric luminary at its double Lizard intensity 
of 16,500 candles, would be visible at about four miles. 
Farther, that on more frequent occasions, when the 
oil luminary would be visible at about 8} miles, the electric 
light would be visible at the full range of 17 miles. 











Tue St. GorHarp TonNnet.—At the close of February, 
1879, the St. Gothard Tunnel had been pierced for an aggre- 
a distance of 14,244 yards, or rather more than eight 

es. , 








NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a further decline 
in prices in the * ga warrant market last Thursday, and 
the close was 2d. under that of wy! agg day. Business 
was done during the forenoon at 43s. 74d. down to 43s. 6d. 
cash, and at 43s. 94. down to 433. 7}d. one month, sellers at 
the close asking 43s. 6}d. cash and 43s. 8d. one month, and 
buyers near. Prices declined in the afternoon from 43s. 6d. 
to 433. 5d. cash and 43s. 7$d. one month, and the closing 
quotations were sellers 43s. 54d. cash and 43s. 7d. one month, 
and buyers 1d. per ton under. Friday’s market was dull, 
and there was a fall of another 1d. per ton, making a total 
decline of 1s. lid. over the week. Some iron changed 
hands in the morning at 43s. 4}d. to 43s. 54d. cash, and at 
43s. 6d. to 43s. 6id. one month, the closing quotations 
being, for sellers, 43s. 6d. cash and 433. 7d. one month, and 
sellers offering 1d. per ton less. The afternoon quotations 
were 43s. 44d. cash and 43s. 6d. one month, the market 
closing with sellers at those prices and buyers near. Mon- 
day’s market opened very dull, with sellers at 43s. 2d. 
cash, at which price a few lots were done, and also at 
43s. 3d. one month fixed, improving to 43s. 34d. eash 
and 433. 4}d. one month fixed paid; and the fore- 
noon market closed with buyers’ at those prices. From 
433. 3d. to 433. 5d. cash and from 43s. 5d. to 43s. 6d. 
one month were paid in the afternoon, and the market closed 
with sellers at the higher prices, and buyers at 43s. 4d. cash 
and 43s. 5d. one month. The warrant market opened with a 
marked degree of dulness yesterday, and prices suffered a 
fall to the extent of 4d. per ton. There were transactions 
during the forenoon at from 43s. 4d. to 43s. cash, and at 
43s. 4}d. to 43s. 14d. one month, the closing quotations being 
sellers 43s. 14d. cash and 43s. 3d. one month, and buyers 14d. 
per ton less. During the afternoon from 43s. 14d. to 43s. 1d. 
cash, and from 433. 2d. to 43s. 14d. one month were paid, 
and the market closed with buyers at 43s. cash and 43s. 1d. 


M. | one month, and sellers near, a good deal of business having 


been done. The warrant market was steady this forenoon, 
when a large amount of business was done as 43s. cash, 
closing with sellers at that quotation, and at 43s. 14d. one 
month, buyers offering a shade ,less. There was alsoa 
steady market in the afternoon at the forenoon closin 
quotations. It will thus be seen that the feeling of strengt 
that prevailed towards the end of February and early in 
the present month has altogether given way, most of the 
orders that were hanging back having been brought out 
by the advance which then took place in prices. The im- 
provement seems to have had none of the elements of 
permanency about it. For the present the demand has 
apparently ceased, and shipments now are merely the result 
of previous purchases. Last week’s shipments from all 
Scotch ports amounted to 11,167 tons as against 7725 tons 
in the corresponding week of last year. It is expected that 
a favourable comparison will continue for a week or two 
yet. The deliveries of iron into the public warrant stores 
continue to be very heavy, and the total stock with Messrs. 
Connal and Co. up tilllast Friday night was 230,587 tons, 
thus showing an increase for the week of 3951 tons. Ouss 
blast furnace has{been damped out at Langloan Iron Works, 
and it is expected that another will soon be damped out, 
with the view, it is said, of being altered and adapted to 
the close-topped system of working, so that the furnace 
gases may be collected and utilised. Of the eight blast 
furnaces at Langloan only one has yet been adapted to that : 
system. There are now eighty-nine furnaces in actual 
operation as compared with eighty-seven at the same time, 
last year. 


The Royat Scottish Society of Arts.—The ninth meeting 
of the current session of this Society was held on Monday 
night—Mr. William Firth, vice-president, in the chair. 
Mr. William Ireland, Buckhaven, submitted to the Societ 
observations ‘“‘On an improved System of Spinning Rol- 
lers” arranged by him. Mr. James Milne, Milton House, 
Edinburgh, also read a paper ‘“‘On the Application of 
the Aneroid as a Rain Gauge, Thermometer, and Wind 
Gauge.” 

Institution of Engineers and Shipbwilders.—An ordi- 
nary meeting of this body was held last night—Mr. Robert 
Mansel, president, in the chair. Mr. Josiah McGregor, 
C.E., marine engineer, Glasgow, and Mr. Stanley Taylor, 
shipbuilder, Liverpool, were elected members; and Mr. 
John Scobie, pupil civil engineer, was elected a graduate. 
Short discussions took place on three papers that were read 
at the preceding meeting, the subjects being on ‘‘ The 
Bursting of an Old Steam Boiler by Hydraulic Pressure,” 
by Mr. Peter Carmichael, Dundee; on ‘‘ Mechanical Re- 
frigeration. Part I. Apparatus for the Liquefaction of 
Gases,’”’ by Mr. J. J. Coleman, F.C.S. ; and on ‘‘ The Im- 
portance of Imperial Standards of Length for Free Public 
Use,” by Mr. Archibald B, Allan, C.E. The president 
then read a very suggestive paper on “‘The Efficiency of 
Steamships,’’ which was followed by one by Mr. BR. D. 
Napier, on ‘‘ The Flow of Water through Orifices, being a 
Description of Experiments to determine the Hydraulic 
Pressures in various parts of a Stream when passing through 
an Orifice containing Water.” Mr. Napier’s paper was 
illustrated by the apparatus employed in the experiments. 
The discussion in both cases was postponed till next 
meeting. 

Scotch Bills in Parliament.—The Alloa Railway Bill 
has been passed by a Committee of the House of Commons, 
there being practically no opposition. Ata sitting of the 
same Committee yesterday evidence was taken on a Bill 
which seeks powers to construct a new railway pier to the 
east of Helensburgh for the accommodation of the North 
British Railway Company’s coast passenger traffic. Some 
interesting evidence was also taken by another Committee 
on the harbour Bill promoted by the Town Council and 





Harbour Trustees of Renfrew. 





The Fifty-Four Hours’ Movement.—Notices have been 
posted in all the shipbuilding yards, engineering and boiler- 
making establishments in Dum! intimating that on 
and after the 4th proximo, the working hours would be 
increased from fifty-one to fifty-four hours per week. This, 
in every case but one, means that whilst the as 
will have their works kept open six hours longer per fort- 
night, the men will receive extra wages to the same extent. 
In one instance, however, this will not be the case. When 
the general reduction of 74 per cent. took place on the Clyde 
and in Dumbarton, the Messrs. Denny and Company 
engineers, made-no alteration in the wages of their men, 
and they now propose that those in their employment shall 
work the fifty-four hours for the wages of fifty-one hours. 
The movement is extending in various other directions. 
At Kilmarnock an intimation of a similar sort has been 
made to the employés of the Water Meter Company, and 
to the employés of the Glasgow and South-Western Rail- 
way Company. In the latter case, the men have submitted 
under protest, and have presented a petition to the directors 
asking for a es advance of . On and after 
the Ist of April the workmen employed by Messrs. Hall, 
Russell, and Co., shipbuilders, Aberdeen, will go on the 
fifty-four hours’ system, without an increase of wages. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was not 
such a large attendance on ’Change, and business was 
flatter. Pig makers again quoted No. 3 Cleveland 36s. per 
ton, but the general opinion was that the market price 
was 35s. net cash. It was ascertained that Messrs. Connal 
and Co., the warrant storekeepers of Middlesbrough and 
Glasgow, had a stock of Cleveland pig amounting to 
85,000 tons, and were receiving about 300 tons daily. 
Their Middlesbrough f.o.b. warrants were quoted 36s. net 
cash No. 3. At Glasgow they have a stock-of 231,787 
tons. Shipments have fallen off. Last week the total 
quantity of pig iron exported at Middlesbrough was 14,000 
tons, 4200 tons of which went to Scotland and 3000 tons to 
Rotterdam. The staple industry is unquestionably still 
in a most critical state. It was thought a few weeks a 
that if the slight improvement which was then made in the 
pig-iron trade continued over a couple of months con- 
fidence would be revived, because in that time the arrears 
of deliveries to the Continent would have been made up and 
a continuance of demand would have shown that the crisis 
was really over and a legitimate business had taken the place 
of depression. But no sooner have the pressing “9 un- 
avoidably delayed wants of the tinental consumers 
been supplied since the opening of the ice-bound ports than 
the demand falls off and prices decline. The simple fact is 
that the most experienced men in the trade, and those who 
occupy positions which give them opportunity of pater | 
ahead and knowing exactly what is going on in commerci 
circles, say thatjthey cannot see where the production of 
Cleveland pig iron makers can be consumed in the imme- 
diate future. This is a most serious matter. Blast fur- 
nace owners feel most keenly the present and prospective 
condition o* affairs, and unless there is an improvement 
very shortly it is certain that some of the furnaces will be 
stopped. There is a limit even to rich ironmasters, and 
they jare few and far between now in Cleveland, i 
pigs to be put into stock. 


The Finished Iron Trade.—So depressed is the finished 
iron trade that there is again a movement on foot for 
another reduction of wages. During the week Messrs. 
Hopkins, Gilkes, and Co., of Middlesbrough, re-started 
about 20 puddling furnaces, and a plate and angle mill. 
This company are a little better off at present than some 
of their neighbours. : 


Mr. Wood’s Wrought-Iron Sleepers.—The wrought-iron 
sleepers of Mr. Charles Wood, of Middlesbrough, which 
were laid down by the North-Eastern Railway Company 
between Middlesbrough and Newport, are giving’ satisfac- 
tion. 

The Darlington Iron Company.—This week the annual 
meeting of the Darlington Iron Company will be held. 
The balance-sheet shows a loss of over 50000 Of this sum 
the interest payable to the vendor and others, and the 
further reserve for depreciation, amount to nearly the 
entire loss. The directors, after commenting upon other 
matters, say that ‘‘the unprecedented depression in trade 
which existed at the issue of the last report, has not only 
continued, but been considerably intensified, and the opera- 
tions of the company have been thereby seriously affected. 
The directors consider that there is reason to hope the ex- 
treme point of depression has been reached, and that an 
improved state of trade may be anticipated. With regard 
to the manufacture of steel the directors have received 
favourable proposals from Mr. Barningham, the vendor, 
with respect to his unpaid purchase moneys, and bes Bee 
to be able to submit to the meeting the result of their con- 
ferences with the committee of cnuvehelbers appointed at 
the last annual meeting. To meet certain payments now 
due from the company, and also if so determined to com- 
mence the manufacture of steel, the directors feel that it 
will be necessary to make a call at an early date.” 


Cleveland and the Steel Trade.—Last week Messrs. 
Bolckow, Vaughan, and Co., of Middlesbrough, held their 
annual meeting at Manchester, and it was there ctated 
that they were hopeful they wonld succeed, on a large 
scale, in making steel from Cleveland pig. As we stated 
a week ago, the matter will soon be put to the practical 
test. 

The Coal and Coke Trades.—In this industry there is also 
a movement to further reduce wages in Durham. There is 
a poor demand for all kinds of fuel, and prices are exceed- 


ingly low. 
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THE WESTINGHOUSE LIGHT FOR RAILWAY 





For several years past Mr. George Westinghouse has 
been engaged in the perfection of a new system for lighting 
railway carriages, to be worked in connexion with his 
well-known continuous brake, which shall at the same 
time be free from the drawbacks inseparable from light- 
ing by oil, and the comparatively complicated appliances 
required for lighting by gas. The new system now 
elaborated, and developed into a thoroughly practical 
form, consists in the employment of a highly volatile 
hydro-carbon oil, combined with sufficient air to insure 
complete combustion. The oil is carried in a suitable 
reservoir beneath the carriage, which is connected by a 
pipe at one end with the source of the air supply, while 
at the other end another pipe leads off the gas formed to 
the lamps upon the carriages. 

The illustrations annexed fully illustrate the arrange- 
ment as now being used on the London, Brighton, and 
South Coast and other railways. Figs. 3 and 4 are views 
of the lamp in the carriage, and the connexions, Fig. 1 is 
a longitudinal section, showing the form and size of the 
carburating reservoir, and the a of pipes and 
regulator ; Fig. 2 is a cross section, also showing the ar- 
rangement, and Figs. 5 and 6 are enlarged views of the 
regulator, upon the action of which the proper working 
of the apparatus depends. As will be seen, the carburator 
fis a tube about 6 in. in diameter and 12 ft. long, secured 
to the underframe of the carriage. At one end of it is con- 
nected the regulator c, by which the admission of air to the 
carburator is controlled. The air passes through the regu- 
lator either from the main air pipe of the carriage, or from 
a small supplementary reservoir a, according to circum- 
stances, and traverses the carburator, which is filled with 
sawdust, cut sponge, felt, coke, or other suitable ma- 
terial, the whole being saturated with gasoline, or similar 
oil. The air passing into the carburator under a suitable 
pressure at one end advances between the interstices of 
the material, and becomes changed into a rich illuminat- 
ing gas by the time it reaches the other end of the car- 
burator, a pipe g from which, as shown, conducts it to the 
points of consumption. 

The regulator or reducing valve, which is shown to an 
enlarged scale in Figs. 5 and 6, is very ingeniously worked 
out. It is circular, and made in halves, bolted together 
so as te enclose a shallow circular chamber, as shown. This 
chamber is divided into two parts by means of a leather 
diaphragm h bolted between the flanges of the regulator. 
This diaphragm is reinforced by a circular brass plate, 
the edge of which is turned up as shown, so that the 
eather shall not be injured. In the centre of this brass 
disc is fastened a small stem é pierced with a minute 
hole, so as to establish a communication with both sides 
of the diaphragm, and extended so as to enter a hole 
formed in a screwed stud, the position of which can be 
regulated from the outside. At its outer end the hole in 
this stud is enlarged to form the seating for a valve 
rivetted to a curved s shown at A, and in the de- 
tached detail, Fig. 7. In one-hslf of the regulator casing, 
and on the outer side is a socket, through which 
the above-mentioned screwed stud, and is capable of com- 
pressing a spiral spring, which bears also against the 
centre portion of the dia) or rather against a collar 
upon the stemi On the other half of the casing is a 
projection, to which is secured a cock o and small valve 
chamber. The Se by the valve p, is that 
communicating with main air pipe, the other goes to 
the supplementary reservoir a already referred to. A pas- 
sage, controlled by the cock, connects these passages with 
the chamber of the regulator; and another opening is used 
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mary to draw the supply of air from the main pipe under 
ordinary circumstances, and the supplementary reservoir 
is kept constantly full from the same source; but if from 
any cause, such as putting on the brakes, the pressure 
in the pipe is reduced, the air passing from the reservoir 
instantly shuts the check valve p of the branch leading 
to the main pipe, and the carburator continues to be fur- 
nished from the cylinder till pressure is once more re- 
stored in the main pipe, and the check valve is re- 
opened. The valve which serves to admit air in the 
regulator, is shown at j, Fig. 6. It consists of a 
stem which passes through a gland in the body of 
the regulator, and touches the spring m of the small 
safety valve, when the latter is forced down by means 
of the spring /. The stem is reduced in section on 
two sides, so as to leave a passage for the air into the 
chamber B. To adjust the regulator for working, the 
air admission valve is slightly opened by compressing 
the spring 1, which has the effect of forcing the valve on 
the stem j slightly off its seat, and the valve m is closed. 
The compressed air then flows through into the chamber 
B, and thence to the carburator. The springs Jk are 
adjusted to a desired working pressure, and if this pres- 
sure should be exceeded the diaphragm is forced foward, 
overcoming the spring /, and opening the small central 
valve m, and at the same time partly closing the air ad- 
mission valve j; air then flows through the passege in the 
the stem i, to the other side of the dia: , and escapes 
through a small hole in the casing shown in the draw- 
ing. It is evident that the amountof air passed into the 
carburator can be exactly regulated by the amount of 
opening given to the admission valve j, and adjusted 
by means of the outer screws. By closing the cock on the 
casing, the supply of air is shut off and the 5 mee 
ceases to act; a tap is also placed on the pipe leadi 





for letting the air pass on to the carburator. It is ousto- 


ing 
from the carburator to the lamps to shut off the supply 
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if desired, and each of the lamps is furnished with a tap. 
Considerable care has been taken in designing these 
lamps, and with a very successful result. The hemi- 
spherical glass depending within the carriage, is hinged 
to the framework on one side, and fastened with a spring 
lock on the other, so that the gas can be lighted with 
the utmost facility, and the lamps are not removed from 
their places. The top of the lamp forms a reflector, and 
distributes an even and very ample light through the 
carriage, which moreover leaves nothing to be desired 
in brilliancy and purity. 

This system offers many evident and great advantages 
compared with the ordinary methods of lighting, as 
regards efficiency, simplicity, aud economy. As the 
carburators may be charged to last for two weeks without 
renewal, and the operation of lighting is simply that of 
turning a tap and applying a match, considerable time 
and risk of breakage and other damage are avoided. The 
experience gained on the London, Brighton, and South 
Coast Railway is so favourable, that a rapid extension 
of the system on that line will probably take place 
shortly. 


Coa in France.—Official returns show that the total 
production of coal in France in 1878 was 17,096,500 tons, as 
com: with 16,804,500 tons in 1877, showing an increase 
of 292,000 tons last year. 


American Locomorives.—The Philadelphia and Read- 
ing Railroad Com *s locomotive No. 58, running on the 
Lahanoa Valley and East Penn branches, has run 620,539 
miles. Last year her record was — Ce ies 
built by the com: at Reading in June, , 
about 35 tons. P  Haltimore and Ohio Railroad Comper, 

building at the M Cl ines 
“Mogul” pattern, for use on the grades of the Allegheny 
oun’ my 
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PERMANENT WAY OF TRAMWAYS. 
To THE EDITOR OF ENGINEERING. 

Srr,—It must be poor nod > all we drive wm the lines 
tramways in our metropolis, and especially to engineers 
= have fas them, that the present system of con- 
struction is most defective both as regards stability and 
durability. The drivers of all o vehicles, the 
tradesmen, and the vestries, are constantly complaining, 
and accidents are of frequent occurrence in consequence 

of the bad condition of the lines. ‘ : 
Many of the companies are now adopting steel rails for 
the necessary renewals, and this is undou ly a step in 
the right direction, but it will only remedy one of the evils, 





9. Facility for bending the rails to sharp curves. 
10. Maintenance of an exact gauge. 
11. Simplicity of ion. 
Such in a few words are the points which I think we 
should aspire to attain, and I have endea' 


os gthednnen | 
out these views in the system which I should recomme 


and which is illustrated by the —s =. 

I think all will admit that the grooved rail is absolutely 
necessary for street traffic, but of course the groove must 
be made as small as experience has shown to be possible. 


The rail I pro has a grooved head with a plain vertical 
web, held firmly by two bolts (with nuts and spring washers) 
to each chair, and the chairs are fastened to cross 


sleepers placed at intervals of about 3 ft.; the holes in the 


2 


and more particular] ‘ 
. i a single line 





t : 


I append an estimate of the cost per mile of 
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viz., the wear of the rails. The fastenings remain un- 
substantial and liable to loosen from the en and 
contraction of the rails, combined with the ordinary heavy 
traffic, which is constantly traversing the tramway, the 
joints of the rails are oe secured, and the longi- 
tudinal timbers quickly deteriorate from repeated repairs 
and the changes of temperature. : 

The surveyor of one of the London vestries, when asked 
whether the tramway company were not about to lay down 
some new system of permanent way, stated, in reply, 
that fifty different systems had been tried, but all to no 


purpose. 

I think therefore the subject is one worthy of discussion, 
ard if tramways are a n evil, which is now 
a. admitted, it is quite time that it should be 
thoroughly ventilated. I have studied the question in all 
its bearings, and I will put before you the result of my 
labours and the views I entertain. 

In the first place, I consider that the permanent way for 
tramways should be so constructed that steam or other 
locomotive power as well as horses can be used for the 
traction, and therefore the nearer we can approach to the 
permanent way adopted for railways the better, if all other 

uirements be provided for. 

@ of the test obstacles to the success of steam 
upon the Paris tramways was the instability of the =_ 
manent way, and the lines in London are even worse 
in Paris. I have therefore no hesitation in asserting that 
steam could never succeed on the tramways in London 
unless a special and efficient permanent way were adopted. 

The requirements which I consider essential for a good 
permanent way for tramways {I will condense under the 
following heads, viz. : . 

1. The permanent way to be suitable for steam traction. 

2. Durability of the materials of construction. 

3. Economy of first cost. 

4. That the joints of the rails be firmly secured by means 
of fishplates or otherwise. 

5. Substantial fastenings 
= spri ng oy = 

. ce for the easy expansion and 
the rails. A a 
7. Economy in maintenance and renewals. *# 
8. Facility for paving close up to the rails. 


y *means of bolts and nuts 

of dog nails and spikes. 

contraction of 
a 
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chairs for the bolts being made oval to allow the free ex- 
pansion and contraction of the rails. 


chair, by having, for instance, a small fla 
bottom of the web on the inside of the rail with one @ in. 
bolt instead of two of the height of the 


fin. ; by reducing 

pent oe Se Nee wme r the thickness to yg in. This 
ion is shown . 6. 

should be made, by pref 
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of anger | by the system I have adopted; exclusive of 
ving concrete, as the cost of these would vary in 
4 we ee 7 ~ gga to the more or less perfect kind 
ving adopted. 
The result, I think, bears a fayourable comparison with 
the present. system of longitudinal timber bearings, while 
possessing ba | advan of stability and durability. 
ours 
Henry Vienouzs, Mem. Inst. C.E. 




















15, Delahay-street, Westminster, London, 8S.W. 
Estimated Cost per Mile of Single Line. 
Description. Quantities. Price. | Amount. 
£s84/2 8. d. 
Steel rails 40 lb. per 
Py a | 64 tons 6 0 0 (884 0 0 
t-iron chairs 133» 7 0 0) 9410 0 
Fishplates ... ae 6 0 0/12 0 0 
Bolts and nuts B.: 15 9 0|380 0 O 
Coach screws... «| 25 cwt. 15 0 0/1815 0 
— ie “ 2112 No. O 2 6 264 0 0 
ying permanen 
way ... ove ... (1760 lin. yds.| 0 1 0); 88 0 O 
Cost per mile ... (891 5 0 











Canapian Pactric Rattway.—The Governor-General 
of Canada in his to the Dominion Parliament, says 
he will for the vigorous prosecution of the Canadian 
Pacific 


way. 
American CARTRIDGES FOR TURKEY.—The delivery of 
000 cartridges, whi steamer Norman Monarch 
recently from Newhaven, Connecticut, completed 
an order ; ges from the Turkish Government, 
which the Winchester shops at Newhaven have been 
executing. In all, the Winchester Repeating Arms Com- 
pany has supplied to 
400,000,000 cartridges 





Turkey the enormous number of 
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JAPANESE TIMBER. 
To THe Epiror or ENGINEERING. 

§12,—I have thought you might like to publish the enclosed 
Table which has been prepared by my students. The 
values of k and c for Euro timber, &c., are taken from 
Anderson’s “‘ Strength of Materials.’’ For Japanese timber 
these values have been determined +“ experiments 
on well-seasoned timber free from knots. Mr. Cawley’s 
self-registering machine was employed in the tests. 

Many architects and engineers have expressed the 
opinion that Japanese timber is weaker than European. 
The Table shows that this opinion is eens All our ex- 
—— point to the same conclusion. e stiffness of 

apanese timber seems to be much the same as that of 
European timber. Its strength seems on the whole to be 
greater. According to the Table it is from twice to one and 
a half times as great. 
I am, Sir, yours traly, 


JOHN PERRY. 
Tokio, January 16, 1879. 
Beams of Rectangular Section. 





Mode of Loading and Supporting 
Beams of Same Length, Breadth, 
and Depth. 





Relative | Relative 
Stiffness. | Strength. 





1. Fixed at one end and loaded at! 


ao «| 0625 -25 
2. Fixed at one end and loaded) 

uniformly a" oon «| 1667 5 
3. Supported at both ends and 

loaded at middle eos a * 1 
4, Supported at both ends and! 

load iformly ant cal 2 
5. Fixed at both ends and loaded 

at middle... tins sen jes 2 
6. Fixed at both ends and loaded 

uniformly ove ie cal 3 


A beam of length lft., breadth bin., depth dinf loaded 
with Plb. at its middle, is deflected in the middle by the 
amount D in., where 

p-1 PP 


c ba 


A beam of length [ft., breadth bin., depth din. breaks 
with a load of P Ib. in the middle, where 








have deduced the following conclusions : Since the points 
near the surface of the earth have different linear velo- 
cities from those in the interior (although all the points 
have the same an velocity of rotation round the 
earth’s axis) it follows that if the earth had an initial 
electrical charge, residing of course in accordance with the 
well-known electrical law, on its surface, the electrified 
pelce would have velocities relative to the remainder ; 
ence, as a direct consequence of the results of the experi- 
ments published by Professor Helmholtz, the interior of 
the earth would be a etic field ; and this conclusion, 
contrary to the conception gained by the reviewer of the 
paper, is totally independent of the internal constitution of 
the earth, or of the existence of any other bodies in the 
universe. By exactly similar reasoning it can of course be 
or that exte to the earth there is also a magnetic 
eld. 


Next they have deduced mathematically (again be it re- 


membered without any special assumption regarding the 
earth’s interior) that if the earth had an r velocity 
of rotation round its axis w, and a uniform electric density 


o, there must be an electro-magnetic potential at any point 
inside the earth equal to 


AT 2.0% ros. 


and at any point outside the earth equal to 


4a 1 
= fags 


where the unit of length is the earth’s radius, r the dis- 
tance from the earth’s centre of the place in question, and 
6 its co-latitude. 

Nor the value of the magnetic intensity at different 
points of the earth’s surface co-existing with this electro- 
magnetic potential will depend on the interior constitution 
of the earth, so that to apply their conclusion they 
must necessarily make some assumption of the earth’s 
constitution, and as an example they have, taking the case 
of a spherical iron shell, been led by close mathematical 
analysis to the following result. If such an iron shell has 
an initial uniform charge of static electricity, and if it has 
an angular velocity of rotation round a diameter, then inde- 
pendently of all other bodies in the universe, and in- 
dependently of the coefficient of magnetisation of this iron, 
there will be at any point on the surface of the sphere, 
having a latitude ,, a magnetic force proportional to : 


«/TxBsin.® 0° 









































bd? 
P=k a Now this result is identical with Biot’s well-known 
JAPANESE TIMBER. EUROPEAN TIMBER. 

Japanese Name. English Name. k. ¢. Name. k. | C. 
Sugi -_ ...| Japan cedar 430 2171 |Teak ... os -| 820 5588 
Kurobi-sugi ...|Cryptomaria 480 1541 |English oak ... «| 557 3359 
Hinoki --| Sprace fir ... 2 2171 |Canadian oak... | 588 4964 
Honoki - olia ... 681 2807 |Dantzic oak ... 485 2757 
Himeko-matsu ...| Yellow pine 538 2554 |Adriatic oak ... 461 2255 
Katsura ..|Cercidiphyllum 602 2437 h ee) 675 3807 
Matsu ene ...| Pine... ant eve 660 2475 | Beech | 518 3133 
Toneriko ... ...| Fraxiniss Siiboldii 514 2123 {Elm | 337 1620 
Suga ...| Meliosma rigida ... ofl * 1873 |Pitch pine... | 544 2837 
Karimi +.|Platycarya strobilacea ...| 702 Red pine ee | 447 4259 
Sakura {Cherry ... oe | 760 3184 |New England fir «| 367 5072 
Keyaki__... ...|Planera... an 660 : Riga fir abe «| 3869 3079 
Kemponashi ...| Kempo, pear tree 769 2761 |Mar Forest fir 381 2013 
Muku he «|Celtis muku - 744 2437 |Larch ... is os 284 2437 
Tsubaki ...|Camellia Japonica 929 3184 |Norway spar ... ast 491 3374 
Nashi ...| Pear tree... om 694 2161 |Mahogany, Spanish... 425 2906 
Tsuge ove ...|Box-wood ... 945 2777 9 onduras 637 3571 
Shiro-gashi ...| White oak ... 1166 3791 |Memel deal ... ° 545 4500 
Aka-gashi ... ++|Red oak... 857 3184 |Christiania deal 686 4176 
Pe eee ee | formula for the distribution of magnetic mp | on the 

Name k ¢ earth’s surface, hence so far from agreeing with the re- 
: 2 y d viewer that their —— of terrestrial etism is 
Cast iron... 2548 visionary, I cannot but feel that it has much weight. 

ns goth - — 2532 } 41,740 Lastly, to get a rough’ approximation of what must 
Wrought iron (Swedish) 3473 64,221 be the difference of electric potentials between inter-plane- 
Hammered steel oe 6403 | "78,822 tary space and the earth, so that its own electric charge 


~Ymperial College of Engineering, Tokio, Japan, 1878. 
ON THE NEW THEORY OF TERRESTRIAL 
MAGNETISM. 





To THe Eprror or ENGINEERING. 
Srr,—In your issue of the 14th of March appears a very 


amusing review of the ‘‘ New Theory of Terrestrial Mag- 
netism’’ communicated by Professors Ayrton and 
the Physical Society at meeting on the 7th inst. The 


fun of the article arises from a misconception, on the 

rt of the reviewer, of the aim of th» paper in question. 
For when he asks whether “ mF ew subjected their 
magnetic i , and repeated exami- 
nation,”’ he shows how completely he has lost sight of the 
fact that their theory is not based upon any doubtful ex- 
periments, but is a logical mathematical ence of 
the experiments performed by Mr. Rowland in fessor 


Helmholtz’ sohesters, and published by Professor Helm- 
holtz in the Philosophical ine for ber, 1876. 
ee Septem 


ts (of which the reviewer a ly 
mo coe na comely ee Ow ity of stati 
electricity in mechanical motion acted like a current in de- 
a 





magnetic needle. 
eetlins of he ek Professors Ayrton and Perry 


alone combined with ,its known rate of rotation round its 
axis shall produce the earth’s magnetic moment, as de- 
termined by Gauss, they have taken as an example a solid 
ane’ iron of the size of the earth, and rotating with 
the earth’s velocity, and have proved thata difference of 
potentials of about a hundred million volts would be suffi- 
cient. Now,as they remark, there would be no difficul 
in imagining such a difference of potentials, or a muc 
higher one, to be maintained, seeing that the earth is 
surrounded by millions of miles of yt ey space, of 
which the insulation is probably far higher than that of the 
best Crookes’ vacuum, and experience shown that some 
thousands of cells cannot cause a discharge across even 
a amy fin of such on vacuum. tanh desccistion 

n the review t is given a con iption of 
some body A moving near some body B, and this I presume 
is the reviewer’s account of the ingenious e tion 
suggested (as introductory to his paper) by ‘essor 
Ayrton, and borne ont, as he described, by some un- 
published experiments of my ‘own, of the cause why me- 
tallic screens do not shield a body from current indaction 
as they are known to do from static induction. But this 


suggestion, which, be it right or wrong, does not at all 
ect the proposed § bn i i 


magnetis 
one does not in any way depend on the other, the 
been so unfortunate as to call the foundation 


of the new theory, and so having raised a phantom of his 
own imagination has marshalled his forces to destroy it. 
Yours y; 

ALEXANDER MuIRHEAD. 


[We have not had the advantage of perusing Mr. 
Ayrton’s paper (we hope soon to have the pleasure of read- 
ing it in one or other of our scientific publications) ; and, 
like the members present at the meeting of the Physical 
Society, we had to form our opinion of the “ new theory”’ 
from the—as it appeared to us—imperfect exposition of its 
author. If we should find it necessary to do so, in justice 
to Mr. Ayrton, we will give the matter further attention 
when his paper is published— Ep. E.] 








STRAINS ON ROOF TRUSSES. 
To THe Eprror oF ENGINEERING. 

Srr,—In computing the stresses in the bars of a Belgian 
or French roof truss by means of reciprocal di ms, it is 
customary to assume two of the stresses to be — (viz., 
I H=F G, Fig. 1) in order to apply this method of caleu- 
lation ; and the majority of books treating upon the sub- 
ject, take it for granted that we know these two stresses to 
be equal in applying the method of reciprocal diagrams. 
But the following reasoning, which I am not aware has 
been given before, proves that no such assumption is 
necessary. 














Fig. 2. 


Having constructed that part of the figure shown in full 
lines for the joints 1, 2, 3, let us next consider joint 4; at this 
joint we have already C! B', B' I', I' H!, as in the ordi 
notation, and we know that G' is somewhere on H' M', 

arallel to the bar G H, also that G' F' terminates on the 
ine C' F', Fig. 2, since C! F' closes the polygon. Assum- 
ing first ~~ position on H' M' for G', and through it 
drawing G' F' in the right direction, we can draw F' E’, 
which determines the stresses at joint 5, on the supposition 
that G' is determined. We get all the stresses at joint 6 
by drawing G' K' and K! Wi. Lastly, taking joint 7, we 
have all the stresses, K' G', G' F', F' E', determined, and 
the line E' Y', which is parallel to E K, Fig. 1, must pass 
through the point K', Fig. 2, so that the point E! must be 
so chosen that E' Y' and G' K' coincide, that is, that 
E' G' K' must be one and the same straight line, and from 
the symmetry of the truss the angle “=angle £, so the 
angle G' F! C'=angle Y' E' D', hence G! E! F" is an 
isosceles triangle, so that the point G', which we assumed 
fixed — on the line H' M! is midway between D' E! 
and C! F'. Hence, when the reciprocal diagram is bei 
drawn, on the line H' M' take G' midway between D' E' 
and C' F", and the figure can then be drawn without any 
assumptions depending on a different system of reasoning. 
I send you this as I thought you might consider it worth 
publishing. 
I am, Sir, yours truly, 


H. G. AuBIN. 
London, March 12, 1878. 





DEPHOSPHORISING Pia Inon.—Mr. A. Lencauchez gives 
a description of Krupp’s a for dephosphorising pig iron. 
In order to eliminate the impurities from pig iron, it is 
mixed, when in a fluid state, with oxide of manganese, 
which carries into the slag silicon, sulphur, and phosphorus. 
As long as notable quantities of these elements remain, the 
carbon is but little affected by the oxidising action, and 
therefore its fluidity is not impaired. The pig is either 
taken directly from the blast furnace, or from a remel 
cupola or reverberatory furnace, and run on a heart 
covered with oxides of iron and ma , or both, pre- 
viously heated to a high temperature, and after it has been 
purified it is either cast or taken directly to a furnace having 
scgcnch hp sapial the mupe ave qubeeliy ‘penal. 
y any the means now ge 

The cinder formed having a specific gravity lower 
pig, is easily separated. It is claimed that the 
reaction is o-véty nigid ene, net requiring meen See OS 
fifteen minutes for a charge of five tons. While the im- 
purities are being eliminated, no change perceptible to the 


than the 
siionieal 





eye takes place, but as soon as they have pa into the 
log, the carbon €f the ig begins to be , which is 
inaodintely vetequiced hy the ising of gas bubbles, thus 
showing a characteristic reaction. Before running ina new 
charge a layer of manganese of sufficient thickness is spread 
over the hearth. 
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PROMOTION IN THE PUBLIC WORKS 
DEPARTMENT, INDIA, 
To THE EDITOR OF ENGINEERING. 

Srr,—In your numbers of ENGINEERING dated 
A 9th, November 8th, December 6th, for 1878, 
and also February 21st, 1879, you very kindly inserted 
letters making known the undeserved and unfair way in 
which some civil engineers of the Public Works Depart- 
ment have been treated since 1868, and which is perfectly 
true. As I know many of your subscribers and readers 
are Public Works officers in India, or have friends in that 
department, and are interested in their welfare, I write to 
give you a further instance of how Government treat their 
engineers. 

young civil engineer (to prevent confusion call him A) 
went up with others to compete for one of I think 16 
appointments as assistant engineers in the Public Works 
Department in the year 1867. A and went out to 
India full of hope and determined that if hard work and at- 
tention to duty would gain promotion, he would. With this 
determination he worked hard, and passed at an early date 
all his departmental examinations in India, besides giving 
every satisfaction to his superior officers, that is his 
executive and chief engineers. Things went on smoothly 
with A at first, and until he got promoted to first grade 
assistant engineer in 1872. As years went by A got up 
from the bottom of the first grade assistant engineers to the 
top but one (call the latter B.) The next step from assis- 
tant engineer first! e is to executive engineer fourth 
grade, and of course the next vacancy in fourth grade execu- 
tive B was entitled toit. What did Government do but pro- 
mote a junior officer (call him C) over both A and B, although 
A was highly recommended, and senior to C in service. This 
disheartened. A very much, but he still worked on, hoping for 
reward at last. After long delay A got promo to 
executive engineer fourth grade in 1877, that is after ten 
years’ service in a trying climate he gets only 550 rupees 
month, which is equal to about 3301. per year in 

England, not to speak of the effect the climate shall have 
on his constitution and exile from home. But A’s troubles 
and disappointments did not end here. Soon after, three 
vacancies occurred, and instead of A gaining anything by it 
he ‘was left at the bottom of the fourth e executive 
engineers. The way this was done was as follows: A was 
in the provincial branch, which is distinct from the railway 
and military branch. The first vacancy that occurred in 
the provincial branch, instead of A gaining a step, a man 
from the railway branch was put over him. The second 
vacancy that occurred, instead of A ini a step, 
Government abolished the appointment. he third 
vacancy that occurred, another railway man was put 
over him. Is this fair to A, a man who has worked 
hard for ten years in India and always gave satisfaction ? 
How can Government expect civil engineers to work if 
treated in this way? A would leave the Public Works 
Department to-morrow and start for the colonies, only 
that after ten years of Indian climate, no Englishman 
could have the spirit to commence life anew, and besides he 
would lose that number of years towards a small pension. 

Many papers, both at home and in India have, for years 
back, Published letters stating grievances on the above 
subject, but up to the present without any result. Per- 
haps the numerous ers of ENGINEERING who are 
interested about the civil engineers. in the Public Works 
Department would form themselves into a. committee, and 
arrange as to the best means of bringing the case before 
Parliament. Not only is A suffering but also all his juniors. 

STanLEy CIVIL ENGINEER. 
February 6, 1879. 


AN AMERICAN TESTING MACHINE. 
The United States Testing Machine at Watertown 
Arsenal.* 

By Atrx. L. Houtey, C.E. 

Tue 400-ton testing machine ordered in June, 1875, b 
the United States Board appointed to test “‘iron, steel, 
and other metals,’”’ has ma been completed at the 
Watertown Arsenal, tho hly proved and accepted by 
the Board. The excellence of the machine in every respect 
is more than satisfactory, and its accuracy is at first sight 
astonishing, although an investigation of its principles 
must show that if the weighing apparatus will weigh at all, 
it must do so with perfect accuracy, because all its move- 

ments are absolutely without friction. 

The proof experiments were numerous, and the effects of 
recoil after sudden ruptures at maximum loads, were 
watched with great care, but without much anxiety, be- 
cause the weighing parts affected are by no means delicate 
in structure, and their motion is almost infinitely small. 
Among the tests were the following : 

A forged link of hard wrought iron 5 in.-in diameter 
between the eyes, was slowly strained in tension and 
broke short off with a loud report at 722,800 Ib. The 
diameter before breaking at the point of fracture was 
5.04 in. ; after breaking, 4.98 in. 

In order to see if the weighing parts had been disturbed 
by the recoil, which was obviously near the greatest recoil 
the machine will ever suffer, a horse-hair was next tested ; 
it was y;45ths of an inch in diameter ; it stretched 30 per 
cent. and broke at 1 1b. Other horse-hairs vary in tenacity 
between 11b. and 2b. Of course the accuracy of the 
machine on such delicate specimens, and indeed on speci- 
mens — some hundreds of pounds tenacity, has been 
checked and proved by other weighing machines. 

A 5-in. round bar, turned down to 3§ in. diameter along 
the centre, was pulled apart at 430,200 Ib. tension. Then 
some more horse-hairs were per wires 





19}-1000ths of an inch in diameter, which averaged 25 Ib. | = 


ets ests subjected to 1,000,000 Ib. compression, 





* Read before the Baltimore meeting of: the American 
Institute of Mining Engineers. 


although the contract calls for but 800,000 lb. After these 
proofs delicate structures, such as eggs and nuts, were 
tested in com pees, reg ome i ; in ae is 
multip ces. seems con- 
clude that ines and structures up to 400 tons can now be 
with perfect accuracy, and that there is no reason to 

fear the deterioration of the weighing apparatus. 

It is not the purpose of this paper to describe the machine 
in detail, because foreign patents to the inventor and 
builder, Mr. A. H. Emery, are not fully secured. Speaking 
generally, the machine consists of a double-acting straining 
cylinder and ram on a carriage at one end, and a movable 
weighing apparatus at the other end. The two are con- 

by a pair of 8-in. screws 48 ft. long. Nuts driven 
by shafting move the straining cylinder to different places 
on the screws, so as to test long or short specimens. The 
weighing apparatus has ly been described in print as 
a reversed hydrostatic press, having diaphragms instead 
of pistons. The load is transferred, by means of a fluid 
(alcohol and glycerine), by a series of large diap to 
a series of small ones, and finally, to a system of scale 
beams. Thus a weight of 800,000 lb., acting through an 
inconceivably small space, finally moves a finely-graduated 
indicator at the rate of yhoth of an inch pound. It is 


allowed to move t a space of 2in., and is kept 
balanced by weights reethasioslie placed quickly on or off | to 


the scale beam. One pound, in moving the indicator rpoth 
of an inch, moves the platform against which the load 
presses zrodvoooth ofaninch. The whole ment of 
the scale beams, the adding and removing of weights, and 
the fast or slow, but always s , application of pres- 
sure, are ingenious and convenient in the highest degree. 
By means of universal joints, the pressure pipes are always 
connected to the straining cylinder, &c., whatever their 
positions. The steam pump and the accumulator have 
cylinders and weights, respectively for high and low pres- 
sures, and the machine receives pressure without pulsation, 
from the accumulator only, when testing. 

The machine was built at the works of the Ames Manu- 
facturing Company, at Chicopee, Massachusetts. The 
prineigal castings (80,000 lb. of gun iron) were made at the 
South Boston Iron Works, and the steel and iron forgings 
at the Nashua Iron and Steel Works. The finished metal 
in the machine {weighs 175,000 Ib., and — pe of 
14,0000 lb. down to those of which 250,000 would weigh 
1lb. The hydrostatic weighing platform of the machine 
was tested to 1,500,000 Ib., but so perfectly frictionless is it 
that a horse-hair, under a breaking strain of 11b., had to 
move 24,000 Ib. of metal. The workmanship is also 
remarkable. The 8-in. screws, 48 ft. long, were fitted to 
gauges within one-thousandth of an inch in diameter 
throughout their length, and similar accuracy was main- 
tained in other parts. 

The cost to the Government of the machine and appur- 
tenances, was as follows : 





The machine with pump and accumu- dols. 
lator 0 ov ies ont »» 81,500.00 
Erection ... oid ove ooo 4,000.00 
Foundations and accumulator pit... 4,083.77 
Travelling crane ove on om 2,981.23 
Steam pipes for heating building 439.52 
Total ... 52 


see eee eee 43,004. 
The Board had been convinced of the accuracy and the 
durability of the Emery weig! tus up to a few 
tons stress, but they were unwi to risk the failure of 
so expensive a testing machine on this apparatusalone. So 
they added an independent weighing apparatus onthe next 
best of the several plans submitted. is the plan of Mr. 
Charles E. Emery—an excellent system and vastly more 
accurate than any previously used, although much less 
—. than pet ss et, Albert H. Em ye —— of 
the machine. ong been suspected @ pressure 
of the fluid in the straining cylinder of a testing machine is 
sometimes very much higher the pressure on the 
specimen by reason of the friction of the piston packing, 
especially under great stresses. Mr. Chas. Emery demon- 
strated to the Board that this packing friction could be so 
far overcome by revolving the piston by power, that it 
would move freely longitudinally, and that the fluid pres- 
sure in the cylinder would pretty accurately represent that 
on the specimen. A supplementary cylinder, on a ca’ ¥ 
was therefore placed between the straining cylinder and the 
specimen, and its piston was arran to be revolved by 
the shafting before mentioned. The pressure per square 
inch in this cylinder would very nearly represent that per 
square inch on the specimen. But it was not an easy 
matter to construct a gauge which should perfectly measure 
even 3700 lb. cylinder pressure per square inch. This, Mr 
Albert Emery, however, accomplished on his reversed hydro- 
static press system. Within the lower ranges of total 
pressure, these two weig ing machines indicated so nearly 
alike as to prove that revolving the piston would show 
approximate accu of pressure, but at the higher ranges, 
so great was the packing friction that the heavy machinery 
Fe thy berry not tli the a. 2 pon Some pro- 
able that this supplementary appara not 1- 
larly used, although it may readily be made heavier, it 
will always be valuable to correct the readings of the other 
apparatus. It is certainly worth many times its cost in 
roving the worthlessness of hydraulic testing machines as 
Cieotelees constructed. The readings of the pe 
weighing apparatus, as compared with those of the cylinder 
cums whee the piston was not revolving, 8 in some 
cases an error of 40 per cent. 
I ag that I cannot now refer to other extremely 
Sanv'e scness, ‘Ths ieaprtaten of ©, setae saasiies 
’s patents. impo. of a mac 
great ouatar cannot be overestimated, Constractors are 
beginning to find out that they have been led astray by 
predicating the physical qualities of ; c 
smaller ones. One might almost as exhibit a brick as 





the measure of the strength of a wall. The very first high 





bars on those of | delaying 





stresses put upon this machine were a striking commentary 
on the error referred to. The link which broke at above 
700,000 Ib. was sent out by the makers as ‘‘ 60,000 lb. 
iron,” but it broke ata little over 36,000 Ib. The bar 
which broke at above 430,000 Ib. was made of the very 
iron which, having endured above 50,000 lb. per square 
inch inal in. bar, broke at about 37,000 lb. per square 
gr wine i -s tp fi ~ t the only 
ut measu e 0! e is not the o: 

advantage of » large machine ; it is equally important to 
determine the weaknesses of structures, and so to lead to the 
development of perfect forms. Given the strength of the 
individual pieces, it is ~ pea for instance, to calculate 
the vee yey] a latiiced column. But a testing machine 
that will take in a whole bridge post or a whole section of 
top chord, and subject it to a regularly increasing 
measured.stress up to the point of poe meen Sarre a ma- 
chine develops structural defects, as well as the physical 
qualities of materials. 

Comparative experiments on similar specimens, to test 
the accurracy of other machines, have not yet been made. 
The fluid pressure in the straining cylinder and the knife- 

weighing machine, or ordinary scale, are the only 
other systems. However they may answer for s' stresses, 
it is probable that they are, as heretofore constructed, 
tally inadequate and misleading for great stresses. 
The United States testing machine can apply 1,000,000 Ib. 
compressive stress to specimens of ~ up to 30 ft. 
It can apply 800,000 Ib. tensile stress to links or specimens 
made so as to be held by pins of any length up to 37 ft. 
By a small addition to the machine, specimens not occupy- 
ing more room than the straining link of the machine, can 
be tested up to about 45ft. length. The apparatus for 
transverse strains has not yet been applied, nor has the 
Board had the means to supply many needed tools i 
struments of precision for measuring the stretch of the 
nome Such, briefly, is the United States testing ma- 
chine; an engine of power and precision, in which lie the 
possibilities of a revolution in the manufacture of iron, 
steel, and bronze, and in the proportioning and adaptation 
of structures. I use the word possibilities advisedly ; the 
immediate probabilities of such a d work are not con- 
spicuous, for the Congress of the United States has 
to furnish the money to make the machine available. It 


thing ; it has announced its own magnificent scheme for 
sol the Pom upon which, more than on any other, 
the immediate improvement of stractares s—the im- 
provement of bridges, and ships, and iron bui , and 

, and every kind of machinery. The scheme of 
Co! amounts to this: anybody can send his materials 
to the Watertown Arsenal, and have them tested at cost, 
i § anybody there to testthem. Let us see how it 

work, 

There is a general call now for steel long-span bridges. 
Nobody knows, ex approximately, ie evade: of steel 
required for the i of 8, or the ph 
quality of bars of working sizes. Our knowledge of the 

h of structures, such as built up top chords and 
columns of steel, is still more limited. If anything what- 
eee is known about + —_ of vrs is known that a 

‘ew experiments wo' inadequate, if not misleading. 
Hundreds of full-sized bars and members must be tested 
before such grades and forms can be determined as will ap- 
— to the possible economy in bridge construction. 
his means the expenditure of many thousands of dollars. 
No bridge engineer, no bri builder can afford such ex- 
periments, and it is unlikely that any railway or town 
se will undertake them. If an does ‘an- 
d them, he cannot spend the 50,000 dols. or more 
fe perm pA get — taicly Wie but ta 5000 rey worth 
of testing joes is own. e nexte 
spends another 5000 dols. in su i the pate send 
tion; the next spends another 5000 dols. in a collateral 
line of investigation, and soon ; and if a hundred engineers 
and corporations should thus g; half a million of money 
without an organised co-o , they would be Ts 
the same ground over and over again, and three-quarters o 
the money would be wastefully expended. 

If, on the contrary, the Government should provide a 
tenth part of this sam—50,000 dols.—to buy material and 
make pote aeiy pi Be ne i test them, ern + od 
su ence of a of engineers, representi 

ifferent branches of construction, and also the manufac- 
ture and manipulation of iron and steel, is it not probable 


. | that every one of the bridge builders and corporations in 
vei better 


the country would let information, and that 
the whole science of construction would be at once lifted to 
a higher plane? And if twice this sum, which would then 
be paltry as measured by the results, were thus expended 
every year, might we not confidently look for revolutionary 
im: ents in the following directions : 

- The intrinsically ridiculous factor of safety of six to 
one, half of which, at least, might be called the factor of 
i is enormous excess of material which loads 

own bridges with their own weight, and often exceeds the 
elastic limit of corporation finances—this dreadful incubus 
could be so largely removed that the same money would 
span twice the space. 7 
2. Despite the so-called factor of safety, bridges tumble 
hundreds of people and in 


down every year, sla o 
volving enormous Snes The alone for the 
Ashtabula —— ter have ly reached three 
uarters of a million dollars, and the case is not settled yet. 
ilers also continue to explode pod chips to spring » 
at mal-constructed seams. vessels, on rail- 


, in works of all kinds, breaks in pieces 
Sivieg, beak ing ; the floors of grea f 8 soy! 
theatres plunge among broken columns, torturing 
and killing men and women in their débris. Is it not pro- 
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bable that the tenth part of the money my ga paid for | 2248.79 dols. All the rest of the aagteeeiaion it devoted | the amount of its reduction in rolling than by ordinary 
these di if expended in the means of prevention | to a series of experiments which be referred to. In| differences in chemical composition. ‘The unsafety of the 
indicated—ia thousands of experiments which would | addition to this, one committee of the Board has collected | Admiral tables for chain cable was demonstrated, 
establish a law of fabrication and construction—is it not | and expended in experiments 1475 dols., from iron and | and new tables were prepared which will be of the highest 
certain that it would very largely reduce this record of | steel makers by i the hat. The three civilian | value to the navy and to the merchant marine. 
beater and death? members of the excepting the secretary, have never | Professor Thurston has made and worked up the most 
3. What an enormous impetus a positive knowledge of | received any pay for their services, and I know that they | complete series of experiments on record concerning bronzes ; 
the strength of metals and structures u working con- out of pocket in this business more than | they aré accompanied by full analyses, and by an abstract 
ditions would i in. dols. ‘The Board has been warmly aided by many | of the preceding experiments at home and abroad on this 


give to construction in old, and es 
new, directions ; to man and to business. 
Engineers and mechanics naturally and properly employ the 
aay know jut ahah ale phan Green Go od 
they w w eir properties are, an 
whether or not they can be unif luced. To 
supply this information, both to the aiid users of 
i of chemical analyses 
ts, is tjust what the rag 
Con- 


Bat t 
gress of the United States, the only which can practi- 
cally sustain such a system of experiments, does not feel au- 
thorised to s) money in this most 


direction to 
the people of the Uni States. It can spend millions on 
stone forts and 


cock doen Bee which are likely to afford 
the country a very limited defence, but it cannot prove the 
new metals, which, in the shape of armour, guns, and shot, 
would be a defence ind It can lavish untold sums in 
digging channels for vessels up the creeks of the coast, but 
it virtuously refrains from sq ing the public treasure 
to make a safe pathway for the locomotive. It can erect 
monuments and museums ; it can dot the land over with 

ablic buildings, which, if they are not beautiful, are at 
sast magnificen ; but it recoils from violating 
the genius of republican institutions ej ey | how to 
make even its own buildings safe and strong. It cannot 
devots the funds of the people from legitimate channels, 
such as private claims in order to promte elass interests, 
sach as metallurgy and engi , although above 250,000 
tons of iron are put every year into the bridges on which 
the people travel—although a million dollars a day were 
spent during two prosperous on the ironwork of 
American railways — Government _ itself 
ordered 8000 tons of iron and steel in fifteen 

departmen’ 














months in t of public ings, not to 
speak of . 

At the of wearying with this» I feel it 
but just to the United States Board to this con- 
nex:on some aégount of its labours. machine | 
s xt up cost the Government 35,000 dols. it cost the 
contractor over 100,000 dols. The Board was authorised 


t» spend 15,000 dols., for its own expenses; it did spend 





engineers and others interested in itagrock, but, in the 
struggle with the Congress of the U: States, the pro- 
fessional societies and the metal makers and users of the 
country have not given that united personal aid upon 
which success can + The Board has been em- 
ba , and, finally, ed, by the misrepresentations 
of certain writers and Co: men, and by the pansy 
action of other members of the Government, not to spea 
of a general want of faith and interest in its labours. The 
— delay that coi errors, developed improvements, 
and made the testing machine as perfect as it is, has been 
used as a powerful argument against the existence of the 
Board ; and this, despite the following well-known and 
significant fact: The United States Board mange to 
learn the causes of the bursting of steam boilers, had an 
appropriation of 100,000 dols. After spending 60,000 dols. 
of it, the Board reported that its results were entirely un- 

iablé, because it could get no gauges on which it could 
ag As an example, at Pittsburgh ‘the gauges varied 
150 Ib. on a pressure of 300 Ib. per square inch. 

Meanwhile the Test Board has already made a 
range of investigations, and worked out and tabulated the 
results. A een ae Seay ® pe sak we one 
be distributed. A complete chemical labora has been 
set up at the Watertown Arsenal, and Mr. Andrew A. 
Blair, late chemist to the Board, has made 213 complete 
analyses of irons and steels, and 249 of alloys. His report 
on his method, already published, is a valuable contribu- 
tion to science. 

Commander L. A. Beardslee, U.S.N., has, with some aid 
from other members, completed and got into print the most 
exhaustive and important series of experiments ever made 
on chain cables, and on wrought iron generally. I had the 
honour, at the meeting a year ago, of presenting an 
pe ¢ p ogh RAR. yy Lire = 
machine e Navy ment was appro 
| adequate for these purposes. Over 2000 tests were made in 
this machine, besides a great number on piling, rolling, 
and reheating in various iron works. It was proved for 
| the first time that the strength of wrought iron, and its 
| welding power by ordinary methods, are varied more by 











subject. They are about to be issued with the above-men- 
tioned reports. The equally complete series on other alloys 
is nearly finished. 

Chief Engineer David Smith, U.S.N., has made an elabo- 
rate series of experiments on tool steels. They are not yet 
fully worked up, because’ the Navy Department refused the 
request of the to give iin the necessary time. 
Actual tests by turning, boring, planing, slotting, and 
chipping, were made on 70 bars from eleven American 
and three English steels of the best brands. These are 
accompanied by 108 tests of the steels in tension, torsion, 
and compression, and by full analyses. 

General Wm. Sooy Smith has made, but not yet fully 
worked up, some important tests of beams. 

Another committee of the Board has nearly completed a 
preliminary series of experiments on structural steels ; the 
are not expected to be exhaustive, but they will be of muc 
value in practice, and of perhaps more value in poin' out 
the direction of farther and large scale experiments, to deter- 
mine the effects of chemical ingredients upon physical pro- 
perties. One hundred and twenty-three imens have been 
tested in tension, 190 in torsion, and 148 more are in hand. 
There are complete analyses of all the steels. These 7 74 
on —_ steels, beams and cree i he ‘ we 

resented to the next Congress, and will pro bly pa 
fished. The other members of the Board have ren i such 
services as they could, but the work of the committees 
which they have specially in charge could not be forwarded 
without money and apparatus. ; Bias 

One word for Mr. Albert H. Emery: To his engineering 
talent, mechanical culture and painstaking fidelity ; to the 
patient devotion of all his energy, and more than all, his 
money, we are indebted for a marvel of invention, of develop- 
ment, of workmanship, of efficiency 


If the members of this Institute believe that the United 
States Government ought to provide money to realise the 
great possibilities of this machine, and to revolutionise the 
constructive arts, th a Fe cite 
enough for tho , and to appoint suitable mixed 
commission to superin i expenditure. 
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PHYSICAL SCIENCE AT THE PARIS 
EXHIBITION.—No. XI. 
LiguTHousE APPLiIANces. — III. 

WE illustrate below the large dioptric revolving 
apparatus and lantern for use with the electric 
light, exhibited by Messrs. L. Sautter, Lemonnier, 
et Cie., at the Paris Exhibition, and to which we 
have already briefly referred in our introductory 
notice.* This apparatus, which was specially 
remarkable for its high order of workmanship 
and finish, occupied the central position of the 





French Machinery Gallery, and around it were 
placed a number of objects of interest illustrating 
lighthouse appliances, and also contributed by 
Messrs. Sautter, Lemonnier, et Cie. The cha- 
racteristic feature of the ke from a lighthouse 
fitted with this apparatus will be of a fixed white 
light illuminating 300 deg. in azimuth, and giving a 
series of white flashes at equal intervals of five 
seconds, each lasting a little over a second and a half ; 
thus the durations of the flashes and of the intervals 
between them are in the proportion of ] to 2, and the 





* See ENGINEERING, page 140 ante. 














light is never totally eclipsed. For this reason the 
a “ scintillating lights” has been pro for 


lighthouses on this system, but they differ in no 
ateiel respect from what is known as fixed and 
flashing lights, . 
The optical portion consists, first, of an ordinary 
fixed dioptric apparatus circular in plan, and illu- 
minating an arc in azimuth of 300 deg., or five-sixths 
of the horizon, the remaining 60 deg., not being re- 
quired for illuminating purposes, is left as an open 
space, through which the electric lamps can be in- 
troduced and regulated. The whole constitutes a 


‘‘ beehive” apparatus, consisting of a central refract- 
ing belt between an upper and a lower set of re- 
fracting rings, and above and below these again are 
two sets of catadioptric annular prisms for utilising 
the upper and lower rays emanating from the lamp. 
The joints of the refracting portions of the apparatus 
are framed diagonally so as not to cast a shadow in 
any one direction in azimuth, and so diminish the 
intensity of its illumination. The light passing 
through the central refracting belt, as well as 
through the upper set of refracting rings and the 
upper set of pony rae prisms, is that uti in the 
flashes, while the lower series of annular prisms 


tigh of refracting rings are set apart for the fixed 
t, 

The flashing or “ scintillating” effect is produced 
by a cylindrical drum revolving upon a vertical axis 
composed of twenty-four o-cylindrical vertical 
prisms surrounding the beehive apparatus each 
subtending with the central light an angle of 15 deg. 
and of such a curvature as to produce a condensa- 
tion by refraction of 8 to 1, that is to say, they 
condense the light they receive upon an arc of 
15 deg into one of 5 deg, The vertical height 
of these prisms is such as to extend from the. apex 
of the central beehive to the lower edge of the 
central refracting zone, and the drum to which 
they are fixed is rotated by means of a clock at the 
uniform speed of one revolution in two minutes. 

It will be seen from this construction that for 
every revolution there will be twenty-four flashes, 
and asa revolution is completed in 120 seconds, the 
centres of these flashes must succeed one another 
at intervals of five seconds each, but as each —s by 
which the flashes are produced condenses the light 
falling on 15 deg. into 5 deg., it follows that each 
flash of 5 deg. duration is followed by an interval of 
10 deg. ; or expressed in units of time, for each re- 
volution lasting two minutes there are 24 flashes 
each lasting 1.6 seconds, having an interval between 
them of double that amount, that is to say, of 3.3 
seconds, 

The proportionate area and position of the re- 
volving prisms with regard to the fixed apparatus 
is such that for any one place on the horizon the 
condensed beam of each of the flashes is about 
eight times the intensity of the fixed light; this 
will be understood from the following considera- 
tions: About 75 per cent. of the light passing 
through the fixed apparatus is caught by the con- 
densing prisms to produce the flashes and 25 per 
cent, passes below them, and constitutes the fixed 
light. But as by condensation the intensity of the 
flashes is increased in the proportion of 3 to 1, it 
follows that in any one direction the intensity of 
the flashes would bear to that of the fixed li he a 
proportion of about 2.25 to .25, or 9 to 1, but as the 
above percentages are only approximate, and making 
allowances for absorption and surface reflection 
by the revolving prisms and other reducing causes, 
the actual ratio is as nearly as possible 8 to 1. 

The diameter of this optical apparatus (29.53 in.) 
gives to it a ition intermediate between the 
third and fo orders, and is the largest that 
has been employed for the electric light, The special 
advantage of so large a diameter is that the electric 
lamps or regulators can be more readily changed and 
attended to, and it permits of the adoption of an 
exceedingly convenient method of ch g the 
lamps, that is removing the whose ns are 
nearly burnt out and replacing it by a lamp to which 
new pencils have been su lied. For this purpose the 
two regulators are placed ack to back upon a small 
rotating turntable, and the connexions are soarranged 
that the act of bringing either lamp into the optical 
focus of the a tus places it in circuit with the 
dynamo-electric machine or generator, cutting the 
other lamp out of connexion at the same time, The 
regulator employed for this lighthouse is that of M. 
Serrin, made and improved by M. Suisse, and the 
generator employed at the Paris Exhibition was a 
medium size Gramme machine working in another 
part of the same gallery, being connected to it by 
cables ing under the floor. 

The lantern in which this beautiful apparatus was 
enclosed is constructed upon the principle first intro- 
duced by Mr. J. N. Me re C.E., the engineer to 
the corporation of the Trinity House, having heli- 
cally curved steel framework shown in the drawing, 
and glazed with diamond-shaped panels of glass bent 
cylindrically, so as to form when in place a glass 
cylinder whose axis coincides with that of the optical 
apparatus, By this means there is the minimum of 
light lost by surface reflection and refraction; for 
what is reflected by the inner surface of the lantern 
glazing is sent back to the lamp, and refractive 
aberration is also reduced toa minimum. The heli- 
cally curved framing, besides being an excellent 
form for stability, completely prevents there being a 

e shado 


coincidence of ws produced ms the joints 
of the optical apparatus and those feo uced by the 
framing of the lantern, and a uniform illumination 
is insured. 


The smaller figures show in detail the intersection 
of the ribs of the lantern framing with one another, 
and with the upper and lower rings respectively, 
the uppermost sketch representing a cross section of 





one of the steel ribs showing the very ingenious 
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method by which the glass is held in its place, and 
which is puiicleatiy explained by the drawing as not 
to’ need a special peteigtion. 

The dome or cupola is of copper, and has an inner 
lining or dome of the same material, and which is 
connected to it by its lower edge with a space of 
several inches between them. By this arrangement 

ater uniformity of temperature is obtained, for 

espace between the two domes is occupied by a 
slowly conducting cushion of air, the influence of 
which will be to keep the temperature of the in- 
terior of the lantern higher in cold weather, and 
pg oo re he oo oes a a 

e whole a: tus, whether o: , mechanical, 
or electrical, deplays great perfection of workman- 
ship, and added much to theinterest of the French 
Machinery Gallery at the Champ de Mars. 





CANADIAN RAILWAYS.—No. XVII. 
GranpD Trunk RatLway or CanaDa.—L, 

Tue principal railway in Canada for its length, 
importance, and value to the country, and at the 
same time hitherto the most disappointing in its 
financial results, is undoubtedly the Grand Trunk, 
the best and the worst speculation that the United 
Provinces ever indulged in, An American railway, 
with its termini in the United States, built with 
English capital, on Canadian soil, this [shmaelite 
amongst sabe, has more to contend with, fewer 
friends, more enemies, than any corporation of 
similar scopeand magnitude in existence. Thoroughly 
misunderstood by the majority of its proprietors, 
differing from all others in its position, obligations, 
difficulties, and necessities, there has néver ‘been 
a road so wrongly criticised, so absurdly written up, 
so unjustly depreciated as this little understood, 
much abused Trunk line of Canada. According to 
the standpoint of its reviewers, the proper system 
of the management is a subject upon which 
opinions vary so widely that they are utterly unre- 
concilable. 

The whole erp cee of the Siipving wen 
partly construc @ com: . tly absorbe 

the original and pF tare goo) omen Frncng and 
partly leased : 

Miles. 


Portland, State of Maine, to Canada line... 166 
Canada line to Richmond ... eco ind 55 


Riviére du to Richmond + oe 207 
Richmond to Montreal ove ove we 76 
Montreal to Sarnia .., os he pee 501} 
Port Huron (opposite Sarnia) to Detroit 
(in the State of Michigan) #1 me 62 
— — — _ pod — a. : 
in vis Ooppos: one 
Three Rivers branch . - bie ol 35 
Montreal to Province line (less ferry) ... 40 
Victoria Bridge to Rouse’s Point ... : 43 
St. wom be - am és ren : 7 
ne Rs vs be ode 
Ballile to Gedrich obi ads od £ 162} 
Berlin to Galt oon oes on aed 13 
1398 


To which pees should be added from Caledonia 
on the Buffalo and Goderich line to Georgetown on 
the Sarnia line, 51 miles, recently taken over from the 
Hamilton and North-Western Company, and part 
of the new through express line between Toronto 
and Buffalo. The Grand Trunk is also working the 
South-Eastern, 65 miles long, which forms part of 
a second route in opposition to the Vermont Cen- 
tral, from Montreal to Boston, but this arrange- 
ment, it is understood, is only temporary. The 
total mileage controlled by the management is thus 
about 1500 miles. Of the above length of 1398 
miles, 1161 miles are in Canada, and 237 are in the 
United States, whilst the three real termini, Buffalo, 
Detroit, and Portland, are all in the States, Of the 
total length, 623} miles are either leased or absorbed 
by amalgamation, and 774} were constructed by the 
company, The greater portion of these roads were 
made in or before the year 1856, and the Grand 
Trunk: system was practically completed by the 
opening of the Victoria Bridge, December 16, 1859. 
uring the years 1862 to 1865, the amalgamation 
or absorption of the Buffalo and Lake Huron from 
Black Rock, opposite Buffalo, to Goderich, and the 
Champlain Railways was carried into effect, and, ex- 
ting the Lewiston branch of six miles, leased in 
1873, no important alteration has taken place in the 
mileage for the last twelve or thirteen years. 

The main line extends from P in the State 
of Maine to Detroit in the State of Michigan, 861 
miles, ali but the last three miles into Detroit being 
owned or leased by the company, and this through 
route, equally with the Great Western and Canada 


Southern lines, labours under the disadvantage of 
having to transport their trains by a ferry across 
the Detroit River. The main line in Canada from 
Sarnia to Rivitre du Loup is 784 miles long, the 
total unbroken distance from Halifax to Sarnia 
being 1445 miles. 

Portland has been, till lately, the main outlet for 
the greater part of Canada when the St. Lawrence 
was closed, and to this part the Canadian mail 
steamers, which ran to Montreal in summer, plied 
during the winter months. On the completion of 
the Intercolonial Railway, Halifax was substituted 
for Portland as the mail station, and the Canadian 
mails have since been transmitted to the steamers 
without leaving British soil the whole distance. 
During the winter of 1876-7, the Allan steamers 
still however loaded at Portland, merely calling at 
Halifax for the mails, and the Canadian freight 
was still forwarded vid the Grand Trunk, through 
the United States in bond. The last winter, how- 
ever, this was altered, and the Canadian mail 
steamers transhipped not only the mails and pas- 
sengers, but also their freight into the cars at 
Halifax. Why this arrangement should be objec. 
tionable to the Grand Trunk, which received them 
at Riviére da Loup, 283 miles from Montreal instead 
of at Portland 297 miles, charging the same tolls 
either way, does not seem apparent, but neverthe- 
less a di ment occurred between the two com- 
panies, and whilst the Allan steamers have carried 
the mails and passengers from Halifax, the Dominion 
and Beaver lines of steamers have had the monopoly 
of the Grand Trank outward freight from Port- 
land. Although not the capital, Portland is the 
principal commercial city of the State of Maine, 
and boasts one of the best harbours on the American 
continent, ten miles, from the open Atlantic and 
perfectly landlocked. The city itself is beautifully 
situated on a peninsula in Casco Bay, and almost 
surrounded by deep water available for wharves 
and the largest shipping, whilst the facilities for 
handling the ocean freight and heavy western 
produce are absolutely unequalled at any other 
port. Its railway facilities are complete, it is the 
terminus of seven important lines, and its prosperity 
is due to the energy with which these have been 
successively pushed to completion, till they form a 
perfect network, radiating from the enterprising 
centre that has been the means of giving birth to 
every one of them. Of these railways two go to 
Boston, one inland through the manufacturing 
towns of Massachusetts, the other linking together 
the seaports, a third nearly parallel te these opens up 
a direct communication to New York, without going 
through Boston, intersecting every western and 
northern railway to that busy city. Two other 
railways have their common terminus at Bangor, 
one by the shore and the Kennebec Valley, the 
other inland. The sixth is the Portland and 
Ogdensburg, a line direct from the last-named 
town at the foot of the navigation of Lake Ontario 
to the Atlantic, and the last and most important 
is the Grand Trunk. 

The station at Portland is on the water side, a 
handsome brick building, which forms one end of 
Commercial-street, as the depdts of the Maine Central 
and Boston Railways form the other end, a mile 
distant, running alongside the harbour, and with a 
connecting railway between the two. There is 
ample room between the tracks and the business 
offices and stores for all purposes of ordinary traffic 
on the city side, and on the water side there is again 
sufficient space for the wharf sidings to diverge 
with practicable curves from the main line to every 
berth. The ocean steamers lay at right angles to 
the main street, each berth having a wharf and 
warehouse on each side of it, so that each loads and 
discharges irrespective of its neighbour, and in the 
length of this truly Commercial-street fifty of them 
might be filling at the same time to the full extent 
of their capacity, without the slightest confusion or 
interference, either with the vessels or the cars 
alongside them, Within the precincts of the rail- 
way grounds at either end, any extension of this 
wharf accommodation may be made, and when it 
was proposed at one time to run the Great Eastern to 
this port, a site was at once prepared for her along- 
side the Grand Trunk Station und, where her 
enormous bulk might have safely lain, and inter- 
fered with nothing. Leaving this station the line 
runs through the extensive siding grounds, which 
have been provided for the accumulation of western 
produce t sometimes takes place when the 





steamers are not oye yey. quickly enough to 
take it away. To the left are the repairing shops of 








this division of the railway, and the extensive 
works of the Portland Locomotive Company, which 
to the discredit of Canada are almost solely em- 
ployed for the requirements of Canadian railways. 

Skirting the bay for five or six miles the railway 
turns northward, crossing one of the Maine Central 
Railways at Yarmouth, ten miles from Portland; and 
the other at Danville 29 miles from the same.-point. 
The Maine Central formerly commenced at Danville, 
and its trains ran into Portland over the Grand 
Trunk, both railways being then on the 5} ft. 
gauge, forming the line between Portland and 
Bangor, a large lumbering town on the Penobscot 
River, and the terminus of the European and North 
American Railway to St. John and Halifax. The 
railway crossed at Yarmouth ten miles from Port- 
land, was then an independent railway from Port- 
land to Augusta, the capital of the State, on the 
4ft. 8} in. gauge, and connected at Portland with 
the railways to Boston, and the whole of the United 
States. On the 3lst of May, 1870, an extensive 
amalgamation of a number of these State of Maine 
railways took place. The gauge of the Maine 
Central was made uniform on the American 
standard, the interchange with the Grand Trunk was 
Sngae, and the line was continued across that 
r at Danville to a junction with the Augusta 
Railway about 10 miles out of Portland, thus forming 
a duplicate railway from Portland to Danville 
Junction, apart from the Grand Trunk. Still, how- 
ever, the tratlic from the Lower Provinces, until the 
opening of the Intercolonial, was necessarily con- 
ducted by this junction, and passengers between the 
two parts of Canada were subject to the delays of 
tworailways not working in accord, with the nuisance 
of two custom-houses and two breaks of gauge. 
The recent alteration of the Grand Trank and 
European and North American Railways to the 
standard gauge has done away with the latter of 
these difficulties, all being now uniform, whilst the 
es of the Intercolonial has happily disposed 
of the necessity of using the American railways, or 
their custom-houses either. From St. John to 
Bangor is 205 miles, and forward to Danville 109, 
making 314 miles from this to the New Brunswick 
capital, and 590 miles to Halifax. The Auburn and 
Lewiston branch, the last acquisition of the Grand 
Trunk, also turns off from near this station to two 
busy manufacturing towns, occupied principally in 
cotton and shoe factories, one on each side of the 
Androscoggin River, which here falls over a series of 
rocky ledges, and affords an immense water power. 
From Danville the line follows to its source a 
branch of this Androscoggin, and down another to 
the main river at Bethel, 70 miles from Portland; 
the valley of which it follows for 30 miles. At the 
eighty-third mile the railway crosses into the State 
of New Hampshire, and enters upon the grand 
scenery of the White Mountains. This group of 
mountains is situated in Coos County, and consists 
of a number of peaks from 4000ft. to 6000ft. in 
altitude, the highest of them, Mount Washington, 
being 6243 ft, above the sea, and having now a 
railway running up at an angle of about | in 3 to 
its summit, The whole district is a favourite resort 
for tourists, and there are a number of excellent 
hotels all through the mountains for their accommo- 
dation. The Grand Trunk passes round the northern 
foot, and surmounting a low summit crosses into 
the valley of the Connecticut, which here forms the 
boundary between the States of New Hampshire 
and Vermont. At Groveton, 122 miles from Port- 
land, the Boston, Concord, and Montreal Railway, 
following the Connecticut Valley, joins the Grand 
Trunk, forming an alternative line to New York, 
Boston, and even Portland, shorter than by the 
Grank Trunk to these places. 

At North Stratford, 134 miles, the railway crosses 
the Connecticut into the State of Vermont, and 15 
miles beyond is Island Pond, the central workshops 
of the line, the half-way place between Portland and 
Montreal, and where the Atlantic and St. Lawrence 
Railway, as this Portland division is legally termed, 
ends. This company was originally chartered in 
February, 1845, to make a railway from Portland to 
join the St. Lawrence and Atlantic Canadian line, 
then being constructed from Montreal to the pro- 
vince boundary. This latter railway being upon 
the 54ft. gauge, the Portland line was laid upon 
the same, so that on their completion the two might 
be merged into one, and both worked together. 
This was effected in Jannary, 1853, when the At- 
lantic line was completed to d Pond, to which 
point the Canadian company had extended their 
road to meet it, and on the. lst of July following, 
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the whole was merged into the Grand Trunk. The 
agreement with the Portland company was in the 
shape of a lease, the English company agreeing to 
pay the interest on the outstanding bonds, amount- 
ing to 3,484,000 dols., and 4 per cent. on the capital 
of 5,000,000 dols., or 409,000 dols. together. The 
earnings on the road for the year ending December 
31, 1876, were returned at 983,449 dols., and the 
operating expenses 1,226,050 dols. The railway in 
the first instance was very poorly constructed, its 
working has entailed an enormous: expense in re- 
renewals, amounting ‘almost to#:recon-: 
strietion; The gauge was reduced in @@7##6: the; 
natio®ial standard, and up to the end of 1876;4#6miles | 
of new steel rails had been laidywhile nearlywall the 
bridgesthave® been reconstructed, most-eitthem in 
iron-andvof a permanent character. A 
Pondyat 166 miles from Portland, the Internationals 
boundary is crossed, and a rich agricultaral district 
is ettered, which extends immediately north of: the 
Proviace line from Lake a 25 miles 
w the same distance east, from railway. 
T ict is part of the easteru townships, ‘and is 
well'settled: by good farmers: originally from ‘the 
New England States; the two townshi i 
Coaticookds:the centre, having 
tion of 5000; and rapidly increasing. 

At the village of Lennoxsville, 27 miles from the 
boundary, the St. Francis River, flowing from a lake 
of the same name, 15 miles long and 45 miles 
north-east of the village, is joined by the Massa- 
wippi from the south-west, and the main river, 
turning north, affords on its right bank for the 
next 38 miles a most eligible site for the railway. 
Three miles lower down the stream it is again 
swelled by the waters of the Magog, whose tumul- 
tuous current affords the enormous water power 
that has made the town of Sherbrook the most im- 
portant place in the eastern townships. These two 
places, Lennoxsville and Sherbrook, were formerly 
known as the Little and Big Forks of the St. 
Francis, and figure largely in the early history of 
the country. At the former is situated the University 
of Bishops’ College, belonging to the Church of 
England, and closely adjoining is the Grammar 
School, two handsome brick buildings near the rail- 
way and overlooking the confluence of the two rivers. 
There is also a copper reducing establishment here 
for concentrating to a better percentage the ores 
from the numerous mines that abound in this 
district. 

The Big and Little Forks were important trading 
posts with the Indians at a very early period, and 
formed the camping ground of the Abenquis, a tribe 
of Algonquins, one of the most bloodthirsty and im- 
placable of all the enemies of British rule. After 
the taking of Quebec in 1759, it was determined to 
punish these St. Francis Indians, and Major Rogers 
was detached for this purpose, He was a brave 
and experienced officer in Indian warfare, and had 
been exasperated to madness by having found on 
his return home after an absence on duty, his wife 
and children murdered and mutilated by these 
savages. He sought and obtained thiscommand to 
wreak a summary vengeance on the perpetrators of 
this and similar atrocities. Soon after starting an 
accident reduced his numbers to 142 men, and his 
boats and supplies were seized by 400 French 
and Indians, who had discovered their hiding- 
place. Rogers therefore pushed. on with increased 
speed, and on the fifth day reached the St. Francis 
village, where, disguised as an Indian, he reconnoitred 
their position. The greater part of the warriors were 
away, and the rest were engaged ina war-dance to cele. 
bratea victory over the English. Adopting the tactics 
of his enemies, he posted his men during the night of 
October 5, 1759, round the encampment, and before 
daybreak they commenced the attack. Neither 
age nor sex was spared, and the Indians were slain 
without mercy, the scalps of several hundred 
English suspended in the air rousing the victors 
to greater ferocity. Of the 300 souls in the village 
over 200 were killed, several were taken prisoners, 
and a number of English captives that had been 
reserved for torture were liberated. By 8 o'clock 
in the morning the bloody work was over, and 
Rogers was returning up the St. Francis, when the 
rest of the tribe came up with him and pressed his 
retreat so closely that a number of his men were 
soon cut off in their repeated attacks, Next day 
the Indians followed him in largely increased 
numbers, and in addition 95 warriors in canoes 
started up the river to cut off hisretreat. The main 


night. The St. Francis here makes a sharp bend 
with a high bank on one side, at that time thickly 
wooded, whilst the opposite side is low and 
covered with a stunted bush. From the high bank 
he could see the river for two miles down, without 
being himself exposed, and here he posted his men, 
sending a small party forward to Lennoxville, the 
Little Forks, with instructions to make fires as for 

‘ cut-down trees for a” breast- 
work, return .to join his: -on the 
heights above the: mouth--of the where 
)Sherbrook now . stands. 
prepared to'come up the river to cut off the retrea 
above, whilst’ the’ rest should follow to attack 
them im front. All this Rogers from his post of 


d'| observation saw, even permitting the scouts to pass 


down theriver unmolested ‘to lead the others on to 
destruction. Before daybreak the Indians were in 
motion, and as each canoe rounded the point, in 
the dim twilight, the paddles were counted, and a 
party equal to the number in each canoe was detailed, 
a man for each Indian, and each with his separate 
victim; .. Half the canoes were + the ambuscade 
‘before the signal was given, the volley told 
withsuch terrible effect that almost every Indian was 
either killed or mortally wounded. Few of Rogers’ 
men, however, got safely back to the army, wander- 
ing through the woods swarming with hostile 
Indians, without food, and most of them —for they 
soon got dispersed —without a guide, they fell victims 
to starvation or the Indians, and the annihilation of 
the Abenquis was perhaps dearly purchased after all. 
Amongst these St. Francis Indians were an English 
boy and a girl belonging to different families, which 
had probably been all murdered but these two. The 
Indians had brought them up carefully, had kindly 
used them, and at the time that Rogers destroyed 
the village, they had been sent away to a place of 
greater security. Subsequently these two were 
married, and from this union sprung a numerous 
and highly respectable progeny, who in time became 
so wealthy as to supersede the owners of their 
captive ancestors in the proprietorship of the soil, 
The boy had remembered that his name was Gill, and 
his descendants have lfonoured the name, and are 
now the largest landholders in the vicinity. 








LOCOMOTIVES AT THE PARIS 
EXHIBITION.—No. XVII. 
BELGIUM—(concluded). 

In addition to the steam carriage on M. Bel- 
paire’s system exhibited by the Compagnie Belge, 
and of which we have already given an account 
(vide page 210 ante), another steam carriage on the 
same system was shown by MM. Armand Cabany 
et Cie., of Malines, and M. Alfred Andry, the 
manager of the Société Anonyme des Ateliers de 
Construction de Boussu, conjointly, the wheels, 
frame, and body having been constructed by the 
first-named firm and the engine and boiler by the 
latter. From the perspective view of this steam 
carriage which we give on page 272, it will be seen 
that, like that exhibited by the Compagnie Belge, 
it is carried on six wheels, one pair of wheels being 
the driving wheels and the other two pairs being 
carrying wheels only. The wheels are all 3 ft. 2.15 in, 
in diameter, and the total wheel base is 22 ft, 3.7 in., 
the distance between the centres of the driving axle 
and that of the axle nearest it being 7 ft. 8.5 in. 
The wheels have wrought-iron centres with Bes- 
semer steel tyres and axles, and the trailing wheels 
are fitted with radial axles to give the flexibility 
necessitated by so long a wheel base. The main 
frames of the vehicle together with the buffer 
beams are of channel irons 0.98 in, deep, whilst the 
intermediate transverse frames are of I section. 

Asin the steam carriage exhibited by the Com- 
pagnie Belge, the cylinders, guide bars, &c., are all 
fixed to a bedplate hinged at one end to the driv- 
ing axle, and having the other end supported from 
the main frame by links. The cylinders are 6.7 in. 
in diameter with 12.6 in. stroke, the tractive force 
of the vehicle being thus srxes = 14.82 Ib. for 
each pound of effective pressure per square inch on 
the pistons. The bedplate which has a planed 
surface to receive the cylinders, &c., is 0.67 in. thick, 
and is inclined downwards at an angle of 4 deg. 
towards the driving axle, The pistons are. of the 
Swedish type, and are forged solid with their rods, 





body attacked Rogers near the Big Forks (Sher- 
brook), but were beaten back and retired for the 





The valve gear is of the ordinary Stephenson type, 
and all joints are either of steel or of iron case- 


‘transversely(on the frames,'the smokebox 
‘The Indian scouts » dis: 


hardened.. The steam ports have an area equal to 
gs of the area of the pistons, To suit the mounting 
of the cylinders, &c., on the bedplate hinged to the 
driving axle, the steam and exhaust pipes are jointed 
so as to have the nece flexibility. A counter- 
pressure brake is svestiel in addition to the 
ordinary brake applied to the central and hind pairs 
of wheels. 
The boiler is of the locomotive type, and is placed 
made 
to envelope the barrel for about ‘half. ite teal 80 
that-a portion ‘of the external surface of the barrel 
acts as heating surface. ‘The barrel contains 134 
solid drawn brass tubes, 1.57 in. in diameter, (1.08 in. 
thick, and 4 ft. ‘11 in. long betweén tubeplates, The 
heating surface is as follows : 
8q. Tt. 
Firebox oo eee vee oe on 4, 
Tubes (outside) ... oe ose itese QI 
Exterior of barrel ... bee oom > eee) B.6 


Total a ka 


The water capacity of the boiler is'$1!2 cubic feet 
and the capacity of the steam 29.6 cubic feet, 
while the weight complete fi ‘ds 3 tons 
4cwt. ‘The shel plate are 0.47 in. thick; as ‘are 
also the x plates with the exception of 
the tubeplate, which is 1 in. thick. The working 
pressure is ten atmospheres effective, or 147 lb. per 
square inch. 

The feed water is contained in a long tank ar- 
ranged under the frame and having a capacity of 
242 gallons. The coal is carried partly in a bunker 
with a capacity of 23 cubic feet arranged along the 
side of the compartment containing the boiler, &c., 
and partly in a smaller bunker formed by a depres- 
sion in the -_-y directly opposite the firehole 
of the boiler. The engine isintended to be worked 
by one man acting as driver and stoker combined. 
From the engine footplate access can be had past one 
end of the boiler to the adjacent luggage com 
ment, through which a passage can be had, by sliding 
doors, to the transverse passage which separates this 
compartment from the carriage proper. The luggage 
compartment is 4 ft. 3in, long and is furnished 
with sliding doors at the sides as shown. 

The portion of the vehicle intended for the ac- 
commodation of pane —or carriage proper] 
so called—is divided into two compartments eac. 
having four longitudinal seats arranged very much 
as in the steam carriage of the wg Belge, 
which we described in the last article of this series. 
Of the two compartments, that at the rear end is a 
first class and holds 24 engers, while the other. is 
second class, and seats 28. Besides these, six other 
passengers can be accommodated standing upin the 
rear gallery and transverse passage, making 58 pas- 
sengers carried in all. The seats in the second 
are composed of alternate laths of mahogany and 
pitch pine, while in the first class they are well 
trimmed and comfortably cushioned. Both com- 
partments are provided with a kind of raised lantern 
running along the roof, as shown in our perspective 
view, and the internal decorations are neat and good 
in both compartments. Externally the body is con- 
structed of teak, the front or engine compartment 
and the luggage compartment having iron panels 
— to suit the general tone of the woodwork. 

ickel-plated copper water pipes carry off the rain- 
water at each corner of the vehicle, and in the latter, 
as exhibited, the springs, the projecting moulding 
of the axle-boxes, and many other details were got 
up bright. As will be seen from our, engraving, the 
compartments are well lighted. The weight of the 
vehicle empty is as follows: 


tons. 

On the driving and middle wheels ovo sD 
» trailing wheels one oe “ai 4.7 

_ . Total i ne 17.6 

To this have to be added : 
Fuel... sad ‘ea sie oo sala 0.6 
Water in boiler ds ce ub oo 0.89 
teeit tank eve we pei ose is 
Engine driver and guard, and ‘58 pas- , 

Making total weight fully loaded 25.04 


The Société Anonyme de Marcinelle et Couillet 
were the exhibitors of two locomotives, one being an 
eight-wheeled tank engine for the Central Railway 
of Belgium, and the other a very small fout-wheeled 
tank engine for half-metre gauge. Of the former 
of these 'ocomotives we give a side elevation and 





plan on page 272. From these views it will be 
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seen that the engine has four-coupled wheels with a { Messrs. R. Stephenson and Co. in 1860 for the | engines constructed for the Great Eastern Rail- 
small pair of carrying wheels in front and behind, an | Great Luxembourg Railway. In this engine the | way of which line he was at the time engineer and 
arrangement of wheels which has of late found | leading wheels were fitted to a Bissell truck. | locomotive superintendent. Since that date a number 
much favour on the Continent both for tank and | During the same year als> Messrs. Schneider built | of engines with this arrangement of wheels have 
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STEAM CARRIAGE (BELPAIRE’S SYSTEM), CONSTRUCTED BY MM. ARMAND CABANY ET CIE., MALINES, AND THE SOCIETE ANONYME DES ATELIERS DE CONSTRUCTION 
DE BOUSSU, BELGIUM. 
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TANK LOCOMOTIVE FOR THE CENTRAL RAILWAY OF BELGIUM, CONSTRUCTED BY THE SOCIETE ANONYME DE MARCINELLE ET COUILLET. 


been built on the Continert, and, as we have said, 


tender engines. As far as we are aware the credit 
of introducing this type of passenger locomotive is 
due to Mr. Robert Sinclair, under whose direction a 
tender engine of this pattern was constructed by 


some eight-wheeled tender engines with small carry- 
ing wheels at the front and rear for the Grand | the is becoming a favourite one. 3 
Société Russe, while in 1864 Mr. Sinclair adopted In the case of the engine of which we annex illus- 
the type he had introduced in 1860 for some tank | trations, the chief dimensions are as follows : 
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LARTIGUE’S MERCURY COMMUTATOR. 
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Qw: 


Diameter of cylinders ... 
Stroke ... eee ope aa ove 
Distance apart of centres of cylinders 
Diameter of leading and trailing 
Diameter of coupled wheels ... 
Distance between centres of coupled 
Ww. eee eee eee eee . 
Lena er base 
of firegrate 
Width ,, a sca oes la 
Height of firebox crown above grate 
(mean) ... os oes ose nae 
Number of tubes oe «. 188 
Lengt fe between tube plates 
Diameter ,, (external) ... he 
9 a (internal) ... 
Mean diameter of boiler barrel ese 
Internal diameter of chimney, at 
bottom... ses oes ose ooo 


Heating surface : Firebox - 
Tubes (external) 


Total 


— 


SF AR Meo 
=) 


= 


_ 
Co WOgmac cao a nt nt oe 


@ 


_ 


- »OO- 


_ 

or 2 ., lento’ oOo wnid 

Bee es : 
x 


8 


Firegrate area sae oe ' 
Flue area through tubes ... ove 
Least sectional area of chimney ... 
— of firegrate to total heating 


‘ace ose ii ooo eo ooo Bis 
Ratio of firebox surface to tube sur- 
face see ae feo se 1:18 
Ratio of flue area through tubes to fire- 
grate area... geo; see -- cee.’ --eei hh 3 C06 
Ratio of least sectional area of chimney 
to te area ... eo ha ie * 
Pressure of steam in boiler . 118Ib. per sq. in. 
Weight of engine se ine 38 tons 
wor’ 
On leading wheels 
»» front coupled wheels 


» driving wheels 
»» trailing wheels 


SB nod 
Rwoo 


sur- 


order : 
bee ooo 11.7 


: Total... eee oe _ 49.2 
As will be seen from our engravings both the 
cylinders and the valve gear are outside, the latter 
being of the Walschaert type. The valve spindles 
= me Te a the valve-chest a small brass 
casting (not shown in our engravings) representing a 
section of the slide valve, thie Se callie 
against a fixed guide marked to represent the ports, 
the position of the casting on each valve spindle 
being so adjusted that by means of it the valves can 
be set without removing the valve-chest cover. The 
reversing gear is of the combined lever and screw 
type generally used on the Central Railway of 
— 

e boiler is of the Belpaire type, and, as will be 
seen from the dimensions ovale it has a large 
heating surface. The firebox crown is stayed direct 
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to the crown of the firebox casing, but instead of 
bolt stays being used throughout, as is usual in 
Belpaire boilers, the stays in the line next the tube- 
plate are screwed into the firebox crown, but have 
their upper ends connected to the casing by links 
arral so as to allow the firebox to expand up- 
wards freely as steam is being got up. The boiler, 
it will be noticed, is somewhat Tigh its centre line 
being 7 ft. 44 in. above rail, and the firebox extend- 
ing over the driving axle. This arrangement enables 
the tubes to be kept of a more moderate length than 
in many Continental locomotives, while it gives 
a good distribution of weight on the wheels. The 
frames are each in one plate, and are very deep, as 
shown in the side elevation. The axle-boxes and 
their guides are of cast steel, The axles are of 
Bessemer and the tyres of crucible steel, the tyres 
being secured to the wheels on Kaselewski’s system, 
this consisting in forming a dovetail groove in the 
wheel rim, and a corresponding dovetail groove in 
the inner surface of the tyre, and then running zinc 
into the annular s thus formed. The ring of 
zinc of course has a double dovetail section. 

The feed-water is carried in large wing tanks 
and the boiler is fed by a pair of Webrenpfennig 
injectors, these being so arranged that they can 
deliver the water either into the vaiing he 04 = 
arrangement of heating pipes extending through the 
train. In this system of heating (M. Belleroche’s) 
the water from the injectors, delivered at a temper- 
ature of about 160 deg., circulates through the train 
and returns to the injectors, provision being made 
for mixing the return water with a certain propor- 
tion of cold water from the tanks in the event of 
its temperature being too high for the injectors to 
operate on it. The engine is fitted with a powerful 
brake (with cast-iron brake blocks) acting on the 
coupled wheels. The workmanship of the loco- 
motive exhibited was good and the engine altogether 
looked capable of doing good work with mixed 


Cc. 

The other engineexhibited bythe Société Anonyme 
de Marcinelle et Couillet requires but brief notice, 
It was, as we have said, a very small four-wheeled 
tank engine for the 1 ft. 7.7 in. gauge, and it had 
outside cylinders, outside valve gear of the Wal- 


schaert type, and wing tank. It was a well- 
finished little engine and its chief dimensions were 
as follows: 
ft. in. 
Diameter of cylinders eee ooo oe 0 5.27 
Stroke of pistons “sss we 7.09 
Distance apart of centres of cylinders 3 6.5 
Diameter of wheels. ... ove * 3. fhe. 
Wheel base 2 95 
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a a en en ee eee ee ee eee ee ee tte te eT 











Uy 


bBatte-y % 
Length of firegrate t on 
wath a et cee eee ae 
Height of firebox crown above grate 1 5.7 
Number of tubes pa ooo 45 
Diameter of tubes outside 0 1.57 
” ” inside see ove 0 1.42 
Length of tubes between tube plates 2 74 
Mean di of boiler barrel ce 2 08 
Internal diameter of chimney 0 vy 
sq. 
Heating surface: Firebox ..- ‘a 12.9 
Tubes (external) ... 48 
A f firegrate row wy 
rea 0) a . 
Flue area through tubes os 0.49 
Ratio of os ake “total Beating ne 
surface da g3 im . 1:28.4 
Ratio of firebox surface to tube sur- 
aun » fe ali NON 1: 3.72 
of flue area 
firegrate area Gren ne. 1: 5.3 
Ratio of least sectional area of chim- 
ney to firegrate area 1:128 
Pressure of steam in boiler ... 122 Ib. per sq. in 
Weight of engineempty___... ove .5 tons. 
” »» . in working order : 
On leadingaxle ... ove ce 
” trailing ” eee 1.5 ” 


Total eee ove ove ove, BRB vy 

In addition to the engines of which we have 
already spoken, the Belgian Section contained two 
locomotives constructed by the Société St. Leonard, 
of Liége. Of these one was a small four-wheeled 
tank locomotive with a vertical boiler and outside 
cylinders and valve gear, while the other was a 
tramway locomotive with six wheels, four of the 
wheels being coupled, and there being a two- 
wheeled Bissell truck at the leading end. engine 
had also outside cylinders and outside valve gear, 
and there were many neat points about the details, 
although there were no striking features requiring 
description here. 


LARTIGUE’S MERCURY COMMUTATOR. 
be yo gy me gta R pe we give en- 
above has designed by M. Lartigue to make 

= break electric circuits under conditions which 
would aarp the ery “ ag eee 
pect difficult, impossible, consists 
essenti af a water-tight box made of insulating 
material, such as glass, porcelain, ebonite, gutta- 
percha, and containing a quantity of mercury which, 
according to the position of the box, establishes 
or interrupts the communication between platinum 
contacts whose position is determined according to 
the requirements of the case. The box may be 
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divided into two or more cells of different sizes, 
insulated from each other, or communicating by 
orifices cut in the intermediate a By this 
means the duration of the cl circuits may be re- 
lated by the time taken by the —_-s passing 
rom one cell to another. It then becomes a 
veritable mercury clepsydra, or commutateur Jor 
drargyrique as it has been somewhat uncou 
esi 
¢ princi pe me which this little instru- 
ment is capable of effecting are as follows: To com- 
plete a circuit under conditions of perfect insulation 
whatever be the medium, liquid or us, in which 
the commutator is placed, and without leakage of 
currents or oxidation of the contacts ; to limit auto- 
matically the duration of the closed circuit; to 
reverse the currents, either permanently or during 
a fixed interval; to complete the circuit by mani- 
pulating the box; although the same mancuvre 
executed less ney may not result in closing the 
circuit. Its applications are manifold ; for example 
it can be applied to the machines in mines or 
factories, for starting or stopping looms, windlasses, 
lifts, &c., and for controlling the position of movable 
frames, such as doors or windows, semaphores, and 
railway signals. In France the Northern Railway 
Company have adopted into their service three 
signalling appliances based upon the use of the 
mercury commutator. ‘These are: 

I. A Water Level Indicator for Tanks, shown in 
Fig. 1. As will be seen, it consists of a funnel- 
shaped cup E at the end of a pivotted arm or lever 
L, and counterpoised by a weight W. On thislever 
is seated the commutator C. Figs. 2 and 3 exhibit the 
latter on a larger scale in plan and elevation. S 
and T are the terminals of the circuit, and it is the 
function of the mercury to connect these together 
under given circumstances, ‘The level of the mercury 
M is such that when the commutator is tilted up 
the break in the circuit between the two terminals 
is momentarily closed, and the current actuates an 
electric bell which sounds the alarm. This tilting 
takes place when the funnel, filled with water from 
the overflowing tank, outweighs the counterpoise 
W. The partition P between the two cells of the 
commutator is perforated, as will be seen, and since 
the mercury can escape from the larger cell into the 
smaller by this perforation, the duration of the com- 
pleted circuit will be necessarily limited whatever 
the displacement of the commutator. 

II. Automatic Pedal Alarm for an Approaching 
Train, shown in Figs. 4, 5, and 6. The pedal is 
fixed against the rail at the desired distance from 
the point comeey a level crossing), at which the 
approach of the train must be made known. The 
flange of the wheel dips the pedal and establishes, 
by the commutator fixed to it, the momentary 
current of a battery, which releases a metal piece, 
and closes the local circuit of a trembling bell. The 
bell continues to ring until the piece is set by hand 
into its former position. 

IIL. Indicator for Way Points worked at a Distance, 
shown in Figs. 7 and 8. On the outside of the rail 
opposite the extremities of the points a metal plate A, 
Fig. 8, is fixed. It carries a kind of rocking shelf B, 
hung from a pivot C, and movable round the latter. 
The shelf B in turn carries an arm D pivotted to it ; 
and at the same time supports a mercury commutator 
M,asshown. Thecommutator and pivotsare sheltered 
from harm in an iron box, and wires connect the 
commutator in circuit with a battery and a trembler 
bell, placed near the handles, which work the poiuts 
in such a manner that the bell rings at each chang- 
ing of the points. As will be seen from the figure, 
when the left point is home against the rail, the left 
commutator is tilted, and the circuit, shown by 
dotted lines, is interrupted, because the mercury no 
longer connects the terminals s and ¢. Again, when 
the right point is home it forces back the arm D and 
tilts the right commutator so as to interrupt the 
circuit within it. When the points are in an inter- 
mediate position, however, the circuit is closed, and 
the bell rings, announcing to the pointsman the 
change of points in accordance with his own mani- 
pulation. Should the bell not cease ringing, it is a 
sign to him that, from some mishap or other, the 
— have not been driven home against the rails, 

or in that case the circuit would have been inter- 
rupted again. He will, therefore, require to repeat 
the operation, or else seek and correct the defect in 
his apparatus. If the bell does not sound at all 
during the operation, the pointsman will know that 
his electric system is out of order, and that he ought 
to ascertain by some other means the condition of 
his points. 


A — battery and bell are necessary for each 
group of points. The ringing of the without 
any action on the part of the pointsman is a sign 
that the points have been displaced by some un- 
usual cause, The apparatus is adjusted by a mov- 
able nut on the end of the arm D. These examples 
serve to show that Mr. Lartigue’s mercury commu- 
tator is from its hardy and simple nature, particularly 
well adapted for railway and other rough work in 
the open air, or other exceptionally exposed places. 





COMPOUND REVERSING RAIL MILL 
ENGINES. 

Tue Steel Company of Scotland have just brought 
into successful use at their works, near Glasgow, an ex- 
ceedingly fine set of reversing mill machinery, and of 
the compound reversing engines driving the new mill we 
are this week able to give a two-page engraving. The 
views in our two-page sheet are a longitudinal and half- 
plan, while on page 277 of the present issue we give a 
transverse section, taken partly through one of the high- 
pressure and partly through one of the low-pressure 
cylinders. 

Not resting satisfied with simply being able to roll the 
heaviest sections of steel rails, angle bars, ships’ deck 
beams, &c., the Steel Company of Scotland some time 
ago resolved on turning out such goods in large quan- 
tities, and with all the expedition attending the use of 
the best modern appliances. In accordance with their 
wishes, the works manager, Mr. Thomas Williamson, at 
once set himself to design the rolling mill engines we 
now illustrate, the arrangement of these engines having 
to suit certain special circumstances. One of these circum- 
stances was the fact that the only site that could be set 
apart for the erection of the engines and attendant boilers 
was very much circumscribed, and this condition, to- 
gether with the desirability of securing economy of fuel, 
led to the adoption of the high-pressure compound type 
for the engine, and of the locomotive type for the 
boilers. By reference to our illustrations, it will be seen 
that the engines act directly on the rolls, by which 
arrangement there is obtained a very high speed in the 
rolling operation with a comparatively limited speed 
in the engines, the latter making from 50 and 60 revolu- 
tions per minute. 

The engines, which are, as we have said, of the com- 
pound direct-acting horizontal type, and which have 
been constructed to Mr. Williamson’s designs and speci- 
fications by Messrs. Miller and Co., of the Vulcan 
Foundry, Coatbridge, have two high and two low- 
pressure cylinders, whose diameters are respectively 
8lin. and 50 in., while the length of stroke is 5ft. In 
each case the high-pressure is placed in rear of the 
low-pressure cylinder, with which it is connected by 
means of an intervening receiver. Laid upon a bed of 
hard and tough blue clay, tho foundation of these 
engines—the total weight of which is some 300 tons— 
consists of a solid mass of Portland cement concrete, 
12 ft. or 14 ft. in thickness, and weighing between 
500 tons and 600 tons. To this foundation is fixed the 
soleplate, which weighs about 60 tons, and carries the 
two pairs of cylinders, as also the two main frames. The 
latter, which are of the box form, are, as will be seen from 
our engravings, arranged so as to form a direct connec- 
tion between the low-pressure cylinders and the crank- 
shaft, while the pedestals for the crankshaft bearings are 
cast solid with them, Under each crankshaft bearing 
the frame has a strong foot which is not only bolted 
down to the soleplate by two holding-down bolts, but 
which has in addition on each side oval bosses, on which 
there are shrunk steel hoops for tying down the central 
part of the foot to the soleplate; while the ends are 
keyed in between strong snugs cast on the same plate. 
Each crankshaft bearing is provided with four brasses, 
one above and one below, and one on each side. The 
fore and aft parts are fitted with movable wedge blocks 
which take up the wear, these blocks being provided 
with slotted eyes, and being suspended by means of 
bolts, which are flat-headed, but of a circular form. 
The top brasses are adjusted with set screws, 
and both they and the bottom brasses are held 
in position by the top cover, which bridges over 
the opening in the frame. On each side of this 
opening there is a strong dovetailed projection over 
which the cover is placed. Itself a strong steel forging, 
this cover is most securely keyed in position, in addition 
to which it is bolted down hard and fast. The arrange- 
ments just noticed result in the most rigid connexion 
being effected between the fore and aft portions of the 
engine framing. Between the crankshaft bearings and 
the guide bars the frames have cast on them horn-like 
brackets, through which pass stay bolts carrying suitable 
distance pieces, thereby securing at this part of the 
framing an amount of rigidity quite equal to that which 
exists in the anterior portion. Inside the main 
frames there are fixed the slide bars, which are adjust- 
able, top and bottom, for the purpose of taking up the 
wear. The upper one is made plane throughout, but the 
lower one is of a trough shape. They are made of the 
best forged steel, as, indeed, are all the working parts of 





the engines, 





As will be seen from our engravings, the high-pressure 
cylinders are each fitted with a liner, the’ space between 
this and the cylinder casting proper forming a steam 
jacket; the low-pressure cylinders, however, are not 
jacketted. At their forward ends each of the low-pressure 
cylinders is solid, and is provided with a bracketted flange 
where it is in contact with the main frames; and con- 
nexion between the frames and the cylinder ends is 
effected by means of bolts, no studs being used. At the 
ends referred to each of the low-pressure cylinders is 
fitted with a small cover carrying the stuffing-box, the 
gland of the stuffing-box being tightened up by a pair of 
nuts, having each a wormwheel formed on it, and these 
wormwheels being connected by a short vertical shaft, 
with a pair of worms, as shown in dotted lines in the 
transverse section on page 277. The packing may thus 
be tightened up as required, even while the engines are 
in motion. In fixing the small covers to the cylinder 
ends, T-headed bolts are employed rather than studs. 
The two cylinders of each engine are themselves most 
firmly and rigidly connected together by means of four 
steel bolts passing through the cast-iron distance pieces, 
This is in addition to their connexion with the soleplate. 

The valves of these engines are of the double-piston 
type. The steam ports in the valve casings have tri- 
angular openings into the valve cylinders, the valve pistons 
having a 9}in. stroke, and being fitted with broad 
packing rings which are furnished with cylindrical 
springsof a Y shape. A tight-working piston is thereby 
obtained, no escape of steam having been observed at 
any pressure yetemployed. The object aimed at in em- 
ploying this type of valve was to relieve the valve mo- 
tion of the severe tear and wear resulting from the use of 
unbalanced flat-faced valves. In consequence of the 
adoption of the triangular-shaped openings it is confi- 
dently anticipated that there will be no cutting action 
on the rings; indeed, the experience already gained with 
similar valves shows that this anticipation is well 
founded. 

The valve casings are placed on the sides of the cylinders 
in order that they may be easily got at for inspection or in 
case of repairs being necessary. The receiver formerly 
mentioned as intervening between the high and low-pres- 
sure cylinders of each engine is immediately underneath the 
valve casings, and serves to catch up any water that 
might otherwise enter the cylinders. The valve spindles 
are of steel, and are jointed together by means of a box 
coupling provided with cotters—an arrangement which 
allows of the pistons and spindles being easily withdrawn 
for repairs and replaced in position. 

Steam is admitted into the high-pressure cylinder by 
the piston valve, entering between the pistons of the 
valve, and exhausting at each end intothereceiver. The 
distribution of the steam into the low-pressure cylinder 
is similarly effected by its valve, the steam entering 
at the middle of the valve, and exhausting at each end 
as before. On the top of the low-pressure valve casing 
there is placed a small auxiliary slide valve, which is 
worked from the link motion of the main valve, and is in 
direct communication with the steam of full boiler pressure, 
so that in the event of the rolls failing at any time to “ bite” 
when the ingot or bar in process of rolling is about to 
enter, the driver can at once admit steam at full pressure 
direct from the boilers upon the pistons in the low- 
pressure cylinders, and turn it off instantaneously when 
the desired effect is accomplished. The valve just re- 
ferred to consists of a D-slide working on the face of a 
grid plate having openings similar to the valve ports, 
and serving the purpose of a shut-off valve as well as a 
slide valve. The motion of this valve is governed by the 
general link motion of the engines, thereby insuring that 
there shall never be any uncertainty as to the admission 
of the steam pressure on the proper side of the piston. 
Both high and low-pressure cylinders are provided at 
each end with spring escape valves. 

The crankshaft, which weighs 10} tons, is a fine steel 
forging, and extends from the coupling to the mill to 
the right-hand engine, or engine furthest from the mill. 
Forged on the shaft is a crank for the left-hand engine, 
while at the end furthest from the mill the shaft carries 
a strong disc, into which the crank-pin for the right- 
hand engine is fixed. It this disc which is shown in the 
longitudinal section. The disc, with the crank-pin of the 
right-hand engine, are of sufficient strength to transmit 
the full power of both engines in case it should ever be 
desirable to couple the latter to a mill on the opposite 
side to that which they now drive. As at present arranged 
the crank-pin of the right-hand engine is coupled by 
means of a drag-link to a disc-crank on an auxiliary 
shaft, which carries the eccentrics for working the valves 
of the right-hand engines. Full provision has, however, 
been made for replacing this small auxiliary shaft by 
another driving + if the occasion should arise. 

The crankshaft bearings are 18 in. in diameter, as are 
also the crank-pins. The crank for the left-hand 
engine, it will be noticed, is fitted with balance discs 
7 ft. 6 in. in diameter, these forming a ba _ tea 
securing a uniformity in appearance 0 e@ two 18. 
The wo Ha in which the passion of the crankshaft, which 
forms the connexion to the mill, is carried will be clearly 
seen from the half plan on our two-page engraving. As 
there shown, the end of the shaft next the mill has a 
bearing on » massive plummer block, which is bolted 
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down to a kind of wing of the soleplate, this wing 
casting being firmly bolted and joggled to the soleplate 
proper, so as to make a thoroughly solid job. The end of 
the shaft next the mill carries a claw-coupling not shown 
in our engraving. The part of the shaft just inside the 
outer bearing is left large, so that a flywheel could be 
hung upon it if necessary, if at some future time the 
arrangement of the mill should be altered. 

As may be seen by reference to our illustrations, the 
driver of the engines we are describing occupies an elevated 
platform which is placed in a most advantageous and com- 
manding position, immediately over the angle formed by 
the junction of the rolling mill with the engines, and di- 
rectly above the mill end of the shaft. The several levers 
by which the operation of starting, reversing, &c., are con- 
trolled are all within a few inches of each other, and there 
is nothing to intercept the driver’s view of what is going on 
at the rolling mill, in front or in rear, or of the whole sur- 
face of the engines. The engines are started and reversed 
by the aid of a small steam cylinder provided with cataract 
regulation. 

The engines we have been describing drive a 26-in, 
mill, They are worked with steam at 1201b. pressure, 
and are capable of easily developing 3000 horse power. 
As will have been seen, their design includes many 
special features, and they are altogether a thoroughly 
good and substantial job,-while the manner in which Mr. 
Williamson’s designs have been carried out is highly 
creditable to Messrs. Miller and Co. 

As already mentioned, the steam for driving the engines 
we have been describing is supplied by boilers of the loco- 
motive type, these being three in number; and by way 
of practically demonstrating their entire confidence in the 
quality of the material which they manufacture, the 
directors of the Steel Company cheerfully consented to 
the proposal of the works engineer, Mr. Williamson, that 
the boilers in question should be built of steel, and not 
only so, but that they should likewise be steel-rivetted. 
Designed by Mr. Williamson, and made by Messrs. Diibs 
and Co., Glasgow Locomotive Works, these boilers are an 
excellent example of workmanship. 

The boilers have barrels 6 ft. 24 in. in diameter, and 
each contains 336 tubes, 2}in. in diameter by 12 ft. long. 
The tube surface in each boiler is thus 2640 square feet, 
while the firebox surface is 1714 square feet and the fire- 
grate area 30 square feet. The fireboxes are each pro- 
vided with a longitudinal mid-feather; and in each 
case the roof of the inside firebox is stayed direct to the 
casing by steel stays. The two front rows of these 
stays are arranged with their upper ends in sockets, 
so as to allow for the expansion and contraction of 
the tubeplate of the firebox. Arrangements are 
made for a firebrick arch resting on angle-irons. No 
brick setting is required for the boilers, which are, in- 
stead, set on cast-iron frames, which serve as stands, on 
each side of the firebox and smokebox, in this way again 
giving allowance for freedom of motion during expansion 
and contraction. Each boiler is supplied with a couple 
of Cockburn’s 24-in. diameter open-flow pendulum valves, 
each of which is loaded to a working pressure of 120 lb, 
per square inch. Prior to delivery the boilers were ex- 
‘ perimentally subjected to a water pressure of 250 lb. per 
square inch, while they were also tried under steam to 
the pressure just mentioned. They have already proved 
themselves to be excellent steam raisers. Practically 
the whole of the material of these boilers is stes]; the 
principal exception being that of the tubes, which are of 
iron. The boilers are clothed externally, all over to 
within 1 ft. of the bottom of the firebox, with wood and 
sieet iron ; and they are supplied with all the necessary 
brass mountings, including a No. 9 Gresham’s patent 
injector. 

The ceremony of starting the engines was celebrated 
with considerable éclut on Thursday, the 27th ultimo, on 
which occasion the directors of the Steel Company of 
Scotland had the pleasure of receiving and entertaining 
avery large party of gentlemen chiefly connected with 
the shipowning, shipbuilding, and engineering interests 
of Glasgow and the Clyde, including representatives of 
Messrs. John Elder and Co., Messrs. Robert Napier and 
Sons, owners of the Allan and Anchor Line steamers, 
and many other well-known firms. Working under a 
steam pressure of 110 Ib. per square inch, and at 50 re- 
volutions per minute, the engines were at the time 
employed in rolling double-headed rails of the North 
British section, 75 lb. to the yard, for the Glasgow Cor- 
poration Gas Commissioners. The efficiency of the various 
appliances concerned—boilers, engines, and rolling mill— 
may be judged by the fact that during the first hour after 
steam had been turned on, the weight in finished rails 
passed through the rolls amounted to 20 tons 7 cwt., which 
may certainly be regarded as splendid work. Weare not 
aware if it has ever been excelled. On all hands the 
directors were highly complimented on the results of their 
enterprise, Mr. Williamson on the novelty and excellence 
of his designs, and Messrs. Miller and Co. on the work- 
manlike manner in which they had executed the contract 








hy PactFic er eww ee Southern ae 
m has opened afreightand passenger station 
at Stannix, ‘Aesé, 85. miles ‘tanh of Yuma, and 816 miles 
distant from San Francisco. The track was at the last 
date more than 10 miles beyond. 


THE INSTITUTION OF NAVAL 
od ROHITECTS. 


Pee lowir are the new bye-laws as to the election of 
Council ' Council for the consideration of 
the m and tes on Friday : 


| 80. In January of each year the Council shall meet and 
lists for the election of the Council for the en- 

year. | These lists shall be as follows, namely : 

A-list-of the names of the president, vice-presi- 


dents, and.treasurer, for the ensuing year, to be sub- 
mitted at the annual general meeting, for their election, 
i io oni 

2nd. for the election of the members and 
associate members of Council. This list contain the 


names of the existing ordinary members of Council, and 
associate members of Council, and atleast six new names of 
members, and-at least two. new names of associate mem- 
bers of the Institution. 
31. No addition shall be made.to the total number of 
i mem! of the Council until, by death: or resig- 
i have been: reduced below 
twenty-four, after which their numbers shall be raised to 
and preserved at twenty-four.. And no addition shall be 
made to the associate members of Council until, by death 
or ion, their numbers shall have been reduced 
below eight, after which their numbers shall be raised to 
and preserved at eight, always exclusive of the president, 


vice-presidents, and treasurer. 
82. Not later than the 14th February in each , the 
complete lists proposed by the Council for the Ordinary 
Conncil for the ensuing year shall be printed, and sent to 
all members to serve as balloting lists. These lists shall 
contain, first, the names of the existing ordinary members 
of Council at the time of the m of balloting 
list, ba ose | Boy six new names of members of the Insti- 
tution (or, if the number shall haye been reduced below 
twenty-four, then so many new names as shall be needed to 
bring the number up to thirty), and the whole of these 
names shall be printed in alphabetical order without any 
distinction of type. Secondly, the names of the existing 
associate members of Council at the time of the prepara- 
tion of the balloting list, with two new names of 
associates of the Institntion (or, if the number shall have 
reduced below eight, then so many new names as 
be needed to bring the number up to ten) and these 
rinted in alphabetical order without 
type. these lists the new Council s 
any name on the lists, but he must strike out six names 
from the lists of members of Council, and Two names 
from the list of associate members of Council. 

33. A similar balloting list (in which, however, the 
names of the ordinary members of Council 4 for 
election shall not be included) shall be printed and sent to 
all associates of the Institution, to serve as a balloting list 
for associates, from which the voting for associate mem- 
bers of Council shall be taken. Every associate shall be 
at libe: to strike out any names on that list; but he 
nvust reduce the number. by. striking out two names from 
the list of associate members of Council. 

34. The balloting lists may be sent by post or otherwise 
to the secretary, so as to reach him before the day and 
hour named for the annual eral meeting, or they may 
be resented by the members and associates at 
the r? _ of the i ine. - 

85. At the opening o e annual gene: meeting the 
order of business shall be : 

(1.) To read and consider the reports of the Council and 

urer 


(2.) To read the list of officers and nomination for 
Council for the ensuing year, proposed by the Council. 

(3.) The chairman shall next put to the meetiug the list 
containing the names of the president, vice-presidents, and 
treasurer, for election for the ensuing year. 

(4.) The chairman shall i 
(of whom one only shall be a member of the existing or pro- 
yore Comme, — shall — bo — the pares deaaapet 
containing the voting pa or the ordinary mem 0! 
Council and seseciade 10 he of Council, and 

(5.) The scratineers, assisted by the secretary and his 
clerks, shall receive all ballot papers which may have 
reached him, and ail others which may be presented by 
members or associates at the meeting. The scrutineers 
shall then retire, and verify the lists and count the votes ; 
and shall, not later than the following day, re to the 
chairman the names which have obtained the greatest 
number of votes, subject to the conditions of the ballot. 
The chairman shall then read the list presented by the 
scrutineers, and shall declare the gentlemen named in thé 
list to be duly elected. 

(6:) After the ballot shall have been taken, and the 
scrutineers have retired, the meeting will proceed to the 
other business before it. 

86. The new Council and officers shall take office immedi- 
ately after the close of the annual general meeting. 

Me um.—Following bye-laws to be renumbered. 





NOTES FROM SOUTH YORKSHIRE. 


An Extraordinary “‘ Increasing Trade.’’—Some curious 
revelations are being made in the course of the negotiations 
between Government and the Corporation of Hull for the 
transfer to the former of the borongh gaol. @ prison 
was built about fifteen years ago, and poy 4 additions 
made the total outlay on it 90,0001., of w 54,0001. was 
owing in 1877, when the Prisons Act became law. At that 
time the ‘‘ requirements’ of the borough were met by 
accommodation for fewer than 250 prisoners, and the gaol 
being able to receive many more, upwards of 10001, per 








annum was cleared as the profit on military offenders and 
prisoners from Northumberland, for whom room was found 


baéhlan of ra 
elected. nt nena shall be at liberty to strike out | g 


then nominate two scrutineers | 1: 


SHEFFIELD, Wednesday. 4 





within the cells. Beyond this an increased profit has been 
made year by ar on labour account, and it is stated that 
if the been ‘continued there would only have 


been abo rat 1000. annum to vided by rates for 
the maintenance of the establishment. The Corporation 
have submitted that the Government in taking over the 


prison ‘‘ with its increasing trade’’ onght to pay for 120 
extra cells 14,6001., or 1201. a cell, and 14001. for machinery 
and tools. Th of the prison is very unsatisfac- 
tory, however, the outfall being so that a 
quantity of sewagé collects therein and dams back into 

rison pipes, causing the greatest danger. The purchase 

owever appears a ‘‘good investment’’ compared with 
other prisons in the country, and a hundred per cent. better 
than half the ‘‘ limiteds’”” which have been started in this 
neighbourhood. 


The Ferryboat Dock Question.—A subject which is of 
the greatest importance to East and South Yorkshire re- 
mains for the ae unsettled, the providing of proper 
dock accommodation at Hull by the ferryboat improve- 
ments. Messrs. Clarke and Pickwell, civil engineers, have 


prepared plans intended to satisfy the requirements. 
The estimated cost of carrying out these plans would be 
about 24,0001. One leadi eature of the scheme is a 
greatly extended width of Nelson-street, by reclaiming from 


the dock a strip of land extending from the Minerva Hotel 
to the East Pier. This would make a fine promenade from 
end to end of the street, but parallel therewith would be a 
quay and slopes of 30 ft. wide in front of the dock, allowi 
Space would be fled up with dredgings from the dock, th 
8 wo up wi! ings from the » thus 
— latter at the same time. A light iron pier 
would be provided for landing purposes, the entire u per 
portion being of wrought iron, excepting the deck, which 
would be of red-wood timber, and outside piles of green- 
heart, a very endurable kind of wood. The gangway would 
be so widened as to admit of a row of shops, offices, waiting 
rooms, &c., ry ee — of "e — pathway, _ Mo 
gangway wou covered so that passengers and goods 
would be protected from inclement weather. The se 
would be diverted from its present objectionable ontfall, 
and altogether the scheme is one which it is affirmed woul 
do great good and bring increased trade to this the most 
important seaport of Yorkshire. 


Sheffield.—It is proposed to erect new vestry offices for 
Sheffield at a cost of about 20,0007. The site chosen is in 
Westbar, on the spot where the ‘‘ Great Casino’’ was burnt 
own ten or twelve years ago. The Sheffield guardians 
are building a workhouse which will cost about 100,0001., 
and these new offices will be in connexion with it. Con- 
sidering the depressed state of trade in the town, the rate- 
payers view these additional outlays with uneasiness, as 
the town is — in debt to the extent of nearly a million 
of money, and when the street improvements have been 
completed a further sum of at least 75,0001. will have been 
spent. It is mrgenes that the new public offices will be 
amongst the handsomest in the kingdom. 





CoLocnz Tramways.—M. de la Hault, of Brussels, has 
obtained a concession for the establishment and working of 
tramways at Cologne. 





Tue InsTITUTION oF CrviL ENGIngERS.—At the 
meeting of this Society on Tuesday, the 1st inst., Mr. J. 
Fredc. Bateman, F.R.SS., L. and E., President, in the 
chair, it was announced that the Council, acting under the 
provisions ‘of the bye laws, had recently transferred Messrs. 
James Abernethy, Jun., Joseph Kincaid, B.A., Thomas 
John “Francis Nicolls, A.B., William Roberts, William 
Rogers, Louis Trench, Edward Rush Turner, and George 
Wilson, from the class of associates to thut of members ; 
and had admitted the following candidates as students of 
the Institution, viz.: Messrs. Samuel Edgar Blackburn, 
ow Brunlees, David Francis Campbell, Thomas 
Alfred Colfox, Edward Condor, Jun., Hubert Congreve, 
Robert Cope Hardy Davison, Herbert Reginald Fea, 
Francis Haniel Harvey, Sydney Gawler Heynes, Oliver 
Imray, Murray Latham, Fernando Harry Whitehead 
Livesey, Frederick Mackinlay, Dudley Sinclair Marjori- 
banks, Robert Sydney Milles, Kenneth Reid, and James 
Albert Samuel. The monthly ballot resulted in the electi 
of ten members, viz. : Messrs. James Henry Apjohn, M.A., 
Ex. Eng., P.W.D., India ; Edwin Arthur Bernays, Super- 
intending Civil Engineer of Chatham and Sheerness Dock- 
yess Enrique Budge, Valparaiso; Cuarles William 

ymond, Weston-super-Mare; Josiah MacGregor, Chief 
Dockyard, Calcutta ; Charles 
W.D., India ; Arthur Paget, 
D., Be 





Engineer of the Government 
William Odling, Ex. Eng., P. 

Loughborough ; Vans Righy, Ex. Eng., P.W.D., India; 
David Scott, Ex. Eng., PW: ep al; and John Penne- 
father Vansittart, Ex. Eng., P.W.D., India; of sixteen 
associate members viz.: Messrs. William Robert Barker, 


Assist. ., P.W.D., India ; John Frederick Birkinshaw, 
Ex. Eng., P.W.D., India ; Fdgar Stirling Cobbold, Oxford ; 
James fianter Goudie, Engineer to the Maryport Hematite 


Iron Company ; Henry Green, Engineer to the Preston Gas 
Company; Arthur Grose, Northampton; Henry Thomas 

, Beaufort West Extension Railway, C.x.H.; Edward 
Nathaniel Hume, Hounslow; William Manley Jepson, 
Surveyor and Engineer to the Tipton Local Board of 
Health ; Samuel Kenrick, Assist. Eng., P.W.D., Mysore ; 
Thomas Ker, Assist. Eng., P.W.D., India; Lauchlan 
Alexander Entwistle Mackinnon, St. Kitts, W.I.; George 
Gray Rhodes, Dewsbury; James Edwin T: el, Yar- 
mouth ; Hawthorn Robert Thornton, Loco. Supt., Mid- 
land and North-Eastern Railway, C.G.H.; an Ww 
Turner, East-street, Manchester-square ; and of four asso- 
i viz., Messrs. John Cresswell, Town Hall, Man- 
John William Millyard, Camborne; Horatio 
Richard Snelgrove, Craven-street ; and Sir Thomas Raikes 
Thompson, Bart., Stud. Inst. C.E., Bombay. 
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COMPOUND REVERSING ROLLING MILL ENGINES ; 


HALLSIDE STEEL WORKS, GLASGOW. 


CONSTRUCTED BY MESSRS, MILLER AND CO., ENGINEERS, COATBRIDGE, FROM THE DESIGNS OF MR. T. WILLIAMSON. 


(For Description, see Page 274.) 


} | 
Fig.3. 





INDUCTION IN TELEPHONE CIRCUITS. 

THE ae 54 is the full text, with the accompanying 
drawings, of Mr. Edison’s specification, filed Fe' 21, 
1878, and referred to in our article on ‘‘ Induction on ele- 
grap ph Lines”’ on page 280 of the present number : 

“Cirewits for Acoustic or sleehomic Se a gy _ 
Thomas A. Edison, Menlo nee J., Assi to the 
Western Union ite Company, New ~4 ay 
Filed February 21, 18 

“To All whom it may Concern.—Be it known that I, 
Thomas A. Edison, of Menlo Park, in the county of 
jean State of New Jersey, have invented an im- 

rovement in circuits for acoustic phs (Case No. 150), 
of which the following is a specification : 

“Tn telegraph lines there are very often numerous wires 
ranning in the same direction upon the Ce tae 
long been known that currents passing one 
more of the “~~ wires, *y i. induced currents in the pr od 
wires, in the Morse 
o- eyetoms of tlography; b ; but Ww a mgt et 
phone, acoustic or spea telegraph, runs or 
within the field of the electric influence of another wire, 
there are false and confusing sounds at the receiving in- 
strument that greatly — with hearing the message 
sent upon such acoustic li 

“The object of the preseal invention is to compensate, 
neutralise, and destroy the extraneous or induced currents 
a contiguous circuits, so that the porn will not be 

at manner interfered with by false currents 
his invention is primarily adapted to telephonic cir- 
cuits, and is so described herein ; but it may be used with 
any instrument where it is desirable to neutralise such ex- 
traneous currents. 

“The present invention consists in the combination, 
with the (alephonie circuit or other circuit to be freed from 
external influences, of an induction coil connected with the 
contiguous circuits in such a manner that a reactionary in- 
a is established in the telephonic line of a power 
rresponding and similar to the primary inductive action, 

to the same, so as to entirely oppose and 
a the action of the same. 
“In te drawing,* Fig. 1 is a diagram representing one 








of the forms in which the aforesaid compensation is effected. 
large coils © C! are included in the telephone circuit at 
7 8 prior the line. In the colle are iron cores surrounded 
primary coi en w! may or not be con- 
nected together, according to the compel sation desieed 
TOs iron cove extends outside ct coils some distance. 
I have shown compensation for two circuits only. 
circuits, which I call “No. 1” and “No. 2,” running in 
proximity to the telephone wires for many miles, in- 
Sy current in it every time the circuits are 
or the sake of clearness of detail we have in 1, 
2, drawing ‘the cr bed to to » larger spas from the iti 
@ compensa’ apparatus at one cage the 
eh ny of tie the in’ the co ’ othe 


srangement of parts 2 Wer mato te Sas Cipro: ten 
es mention, ever, that 
the three enls both in Fig Fig. 1 and in Bab oc Pde 
drawn of equal size as they are in the 





These | the 





ionate to 


speed or closed, the strength of which is pro 
the number 


proximity of the lines to each other, an 
of | miles that they run side by side. 
‘* These induced currents are in one direction in closing 


the circuit, and the eunenne direction on opening the circuit. 
To neutralise the induced current from,.say, No. 1 circuit, 
terminal in the circuit 


plese electro-magnets ¢e' at each 


circuit No. 1. 
** These magnets are then adjusted to approach the iron 
cores k k' until the induced current thrown int» the coils 
c and c', and telephone line by the action of the magnets ¢ 
and e! is equal, but opposite to, the induced current from the 
circyit No, 1 thrown into the telephonic wire by running 
parallel to it. Thus a perfect compénsation is attained. 

“* If the two lines run parallel for long distances I connect 
the two ends of the primary, = on cand c! together, and 
thus retard the magnetism and demagnetiéation of the cores 
k k', and consequently lengthen the induced currents throws 


and into c and c! by the action of ¢ and @. 


“ Ha thus compensated for No. 1 the compensation 
for No. 7% exactly similar. If the latter circuit does not 
affect the os ae circuit as eidengly as No. Laren the 
electro- and f' are placed a of on distance 
k and k'; he i ter may be elonga’ and’ renames wf 
attained from many circuits by employing separate magnets 
in each circuit which affects the telephonic circuit. 

‘* Owing to the great diversity in the character of the in- 
duced currents pote into honic lines from wires in 
close proximity, due to different hs, and = employ- 
ment of different battery powers of transmis- 
sion, many methods to ret special 
sary. Thus, in* Fig. 2, where the iret land 2 employ 
powerful batteries and reversals, and many magnets aré 
circuit, the induced currents throws? jas into the telephonic 
wire are exceedingly powerful; herice 4 more powerful 
means of compensation is necessary. 














“In Fig. 2, g is an iron core, over which there are three 


or more coils, one for =o line The coils 1 and 
2 are in the x Morse circuits Nos. 1 and 2, while 
coil 8 is in the telephonic cirouit. coils are so 


wound and in relation to the currents 
thrown into the telephonic wire by the proximity of the 
other wires, that they will act in the iron core g toset up a 
magnetism therein that will cause a powerful induced cur- 
rent to pass into coil 3 and telephonic line, opposite. in 
direction to the induced currents in the telephonic line due | Fig 
to the proximity of the other wires. 
“It is obvious that these coils may be inserted at any 
number of points ate ne the line, and "that the intensity of 
he reverse currents will be be proportionate to the intensity | indu 
of the Seer cnbling thaienieties influence, and hence 
they will always be neutralised. 
** [In cables containing a number of wires there is not 
ouy: dynamic induction, but static induction. The latter 
appears sooner than the former, and is of exceedingly sbort 
duration, so that ic compensation alone is e slug: 
ish. In* Fig . Siss a modification of Fig. 1 
conditions which it does to a considerable Pvt oor 


ae entirely. . B. 
“The induction coils 1 and 2 are included in derived 
its 1 and 2 that pass to the con- 


circuits from the line circui 
densers C* and C* and to the earth. The ob object of the 





condensers is M1 prevent any leakage of current from the 
circuits 1 2, and at the same time to hasten the m 


of the cores , 80 that an raced 
ising and do-magnetising of the cores 9, in coil 3 to meet 
ant pupae for the static current from the circuits 1 


‘** I will here mention that to obtain ect compensa- 
tion, both the static and party currents must 


be set up in the comps , sothey will clvoulate in the 
telep! wire in a opposite to those a 
proximity of the wires ; and to obtain these conditions, 


—the former to set w: 


magnets and. condensers are 
dymamical induction currents, the latter statica 























“In my apparatus, if current No.1 is opened, there 
first appears a short wave of current due to static induction, 
then an interval, and then the dynamical sailing hens 
rent appears, which gradually dies away to no’ 
a compensation which will eradicate the dynami 
dpe nd aed om 9 atleate the Aynamieal carrent 

his cannot be eradicated by an heyy vee bene oe os a 
pee because time is required to charge and 
the cores Oe vag consequent production of ry tebaced 


~ ea 


> 4. 
ease | fu 
» 











“7 on short elzenits Suse 9.o0i sith two or mexe wires 
by side u a wooden bobbin, as shown in 

2 wire is placed i in the telephonic circuit, while 

ine + are placed. fn the circuits to be compensated for, 
and so connected therewith that the currents thrown into 
the telephonic col are equal, but opposite, to those due to 


from the wires running parallel. 
ge em| large wires, and a nego quan of it 
rapes eas 3 
u 
from core bing ued ne 


compensation, as 

currents, no 

the 

ore Testead of the coil of several wires wound aide by side, 

several loog strips of tinfoil may be placed side by side, 
and insulated from each other, and the currents 

through the strips in the same manner as if they were 

wire 

«Another method consists in providing the telephonic 

receivers with differential coils, and running another wir- 


’ 


we 
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parallel with telephonic wires and including in it the 

su coil. 

*T claim as my invention, 

The method. herein specified of compénsa‘ in one 

circuit for induced currents from adj t itr con- 

sisting in setting up a reactionary induction, an an in- 

duction coil connected with the adjacent circuit or circuits 

substantially as set forth. 

** Signed by me this 13th day of February, a.p. 1878. 
“Tos, A. Epison.”’ 
Geo. T. Pinckney. 


Witnesses { Chas. H. Smith. 


BOILER EXPLOSIONS. 
Tue following circular letter has just been sent by the 
President of the Manchester Steam Users’ Association 
the members of the House of Commons : 


The Manchester Steam Users’ Association for the Pre- 
vention of Steam Boiler Explosions, and for the Attain- 
ment of Economy in the Application of Steam. 

Offices, 9, Mount-s , Albert-square, 
Manchester, April 2, 1879. 

Mr. L. E. Fletcher, Chief Engineer. 

Sir,—The continued sacri ce of human life by steam 
boiler explosions induces me once more to address you on 
this subject, and to express my deep t that the Legis- 
oe has not as yet interfered in the behalf of the public 

ety. 

The experience of the Association, which extends over 
the last twenty-five years, shows that steam boiler explo- 
sions are not accidental, that they do not arise from an 
mysterious cause that has not as yet been ascertained, 
that they are not unavoidable, but that they may be pre- 
vented in the majority of cases, if not in all, by competent 
periodical inspection. 

The members of the Manchester Steam Users’ Associa- 
tion, who adopt that simple precaution, enjoy immunity 
from explosion year after year. Not a single person has 
ever been killed, nor has a single person ever been injured 
by any boiler guaranteed by the Association ; while, be- 
yond its ranks, to go back no further than the last ten 
years, 619 people have been killed, and 1018 injured, many 
of whom were outside the works at which the explosions 
occurred, and had no control whatever over the boilers, 
and no voice in their management, but were compelled, 
through no fault of their own, to live near to, or to pass 
by, badly constructed or old worn-out boilers, which their 
owners no right to use. 

The injustice of the case will be more clearly seen when 
it is stated that many of those killed outside the works 
were innocent women and children, some being struck 
down whilst at their own firesides. At Dublin on Saturday 
April 27, 1878, a house adjoining the works at which an 
explosion occurred, was brought down and fourteen 
persons buried in the ruins and suffocated. At Liverpool 
on Friday March 29, 1878, a woman walking along Great 
Homer-street was struck with a piece of steam pipe shot 
from a boiler and killed on the spot. At Newcastle-on- 
Tyne, on Friday June 22, 1877, a child two years of age 
was strack down and killed, in the presence of its father 
and mother, by a large fragment from a boiler crashing 
through the roof ;, while by the same explosion, a boy 
——s ona = a quay was killed by another fragment. 
At Hall, on Wednesday June 20, 1877, a cottage was 
levelled to the und and a woman lying in bed was 
buried in the débris, and so seriously inj that she died 
immediately after she was dug out. Other illustrations 
could be given if necessary. 

Under these circumstances allow me to urge upon you 
that it would be for the public good for the Legislature to 
interfere and enforce the adoption of periodical inspection, 
and also were it to enact that an investigation should be 
made of every boiler explosion, whether fatal or not, by 
some court independent of the coroner’s, and more compe- 
tent to deal with the scientific questions connected with 
steam boiler explosions. 

Allow me to ‘equest your earnest attention to this sub- 
ject. While leg tion is ey « lives are being lost. In 
the year 1878, 45 persons were killed and 72 others injured 
by steam boiler explosions, and this notwithstanding the 
general depression of trade which sensibly diminished the 
number of boilers in work, and no doubt diminished 
the number of explosions. The average of the last ten 
years is 62 deaths and 102 cases of personal injury per 
annum. If legislation be postponed, and if I have to address 
you again on this subject next year, there is no doubt I 
shall have to report that another 50 or 60 persons have 
been killed, and about ,twice that number injured. The 
lives of these people are in your hands; legislation will 
save them ; neglect will sacrifice them. 

Below I give a copy of a resolution* passed unanimously 
at a recent meeting of the general body of the members of 
this Association, all of whom are boiler owners. 

I have, Sir, the honour to be, 
** Your obedient servant, 
Hvuex Mason, President, 











NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The warrant market was 
very dull on Thursday, and although the prices started at 
the previous day’s advance, they closed at the lowest figure 
quoted since the middle of February, and 4d. per ton 
er Wednesday’s rates. Business was done during the 
forenoon at 43s. 3d. to 43s. 2d. cash, and at 43s. 4jd. to 
43s. 4d. one month, the market closing with sellers at the 
lower rates, and buyers offering 1d. ton less. In theafter- 
noon from 48s. 1d. to 42s. 11d. cash was ted, and the 
market closed with'sellers asking 42s. 11}d. cash and 43s. 1d. 





~* The resolution h f 
demas ee en fo cqpenred on page 208 





one month, and buyers at 1d. pertonlower. The following 
day’s market was also backward, and prices fell 2d. per 
tom further, closing 7}d. under last 
were transactions ‘in the forenoon at‘from 42s. 10d. to 
42s. 9d. cash, and from 43s. to 42s. 11d. one month, sellers 
at the close at the lower prices, and buyers near. The 
cash price paid in the afternoon ranged from 42s. 93d. to 
42s, 9d., buyers at the close offe the latter and sellers 
holding ont for the former. Monday’s narket was quiet, 
and only a small amount of business was done at prices a 
shade under those quoted at the end of last week. 

the forenoon the quotations ra between 42s. 9d. an 
42s. 8d. cash, and the market closed with buyers at 42s. 8d. 
cash and 42s. 9d. one month. The only quotation — 
the afternoon was 42s. 8}d. cash, the market closing wit 


to | buyers at 42s. 8d. cash and 42s. 94d. one month, and sellers 


asking 1d. per ton higher. There was a certain degree of 
y one at the opening of the market yesterday morning, 
and an improvement in price to the extent of 2d. per ton 
was reported, but at the close the advance was lost. Iron 
changed hands during the forenoon at from 42s. 9d. to 
42s. 10}d. cash, and at 43s. fourteen days, sellers at the 
close asking 42s. 10d. and buyers offering 42s. 9d. cash. 
The afternoon quotations went down from 42s. 9}d. to 
42s. 8d. cash, and at the close there were buyers at that 
price and 42s. 10d. one month, and sellers asking 1d. higher. 
The warrant market was flat this forenoon, when business 
was done at 42s. 6d. to 42s. 7d. cash, also at 42s. 8}d. one 
month fixed, closing buyers at 42s. 7d. cash and 42s. 8id. 
one month, sellers asking 1d. per ton more. There was a 
steady market in the afternoon—buyers “me 42s. 6d. 
cash and sellers asking 42s. 7}d. From the decline in 

rices already mentioned, it will be seen that the market 
- entirely lost the buoyancy which it had a few weeks 
ago, and that a period of dulness is now setting in. The 
expectations of a satisfactory Papeeeene are not for the 
present to be realised ; indeed, there is nothing to indicate 
that business is approaching that turning point so lor 
looked for in the iron trade. The demand for specia 
brands for spring shipments has slackened considerably, 
while the ordinary brands are not much wanted ; and in 
Messrs. Connal and Co.’s stores the stock is rapidly accu- 
mulating; on Friday night it stood at 234,502 tons. 
Several makers have reduced their prices, but the reduction 
does not induce buying. Last week’s shipments amounted to 
9463 tons, as against 11,499 tons in the corresponding week 
of last year. One blast furnace has been relighted at 
Glengarnock Iron Works, and the number in actual 
operation is now ninety, as compared with eighty-seven at 
the same time last year. 

The Pipe-Founding Trade.—Generally speaking this 
branch of the iron trades is in an unusually dull prim Naa 
most of the foundries being very deficent inorders. It may 
be said that there is only one foundry engaged in the 
manufacture of gas and water pipes which is really busy, 
namely, that known as Lockburn Iron Works, the pro- 

rietors of which are Messrs. Macfarlano, Strang, and Co., 
Pimited, and which has only been brought into complete 
operation within the last half year or so. It was built ex- 
usively for the action of pipes, and with a capacity 
of from 40,000 to 50,000 tons per annum, and in it there 
are combined all the best features of the pipe foundries of 
the Glasgow district, which is well known over the whole 
world as being the head-quarters of the pipe-founding in- 
dustry. Since they commenced operations, Messrs. 
Macfarlane, Strang, and Co. have executed a number of 
import orders for large towns at home, such as Edinburgh, 
Dandee, Liverpool, Oldham, &c., and for Australia and 
New Zealand. They have recently booked an order 
from the Glasgow Corporation ater 
for the supply of about 8000 tons of pi 
36 in. in diameter, for a new main on the 
Water Works, 5} miles in length; and another, of 
about 800 tons of 24in. pipes, for the Corporation Gas 
Commissioners of the same city. The £ contract for 
the Rio de Janeiro Water Works—some 80,000 tons — which 
was divided over four of the large pipe-founding firms in 
awry uk - now practically finished, if not, indeed, quite 
out o . 


Scotch Bills in Parliament.—At present the Glasgow 
Corporation Water Bill is under the consideration of a 
Committee of the House of Commons. It may be re- 
membered that it deals chiefly with a proposal to extend 
the time for the removal of the weir above the bridges, and 
for the construction of the conduit across the river to take 
a supply of water to those large consumers on the south 
side that had a right of drawing from the Clyde for manu- 
facturing purposes. The —— to the Bill is partly 
from those consumers and from the Clyde Trustees, the 


Commissioners 
, chiefly 
h Katrine 


case for whom n yesterday. Both the Alloa Railway 
Bill and the Forth B: Rail way Bill were ordered to be 
read a third time on Monday by the House of Commons. 

inst the North British 


The —— that was raised 
General Powers (Helensburgh 
withdrawn, and the Bill itself 
Committee of Selection. 


arbour) Bill has been 
been referred back to the 








FOREIGN AND COLONIAL NOTES. 

Steel Rails on the Union Pacific Railroad.—The pre- 
sent length of the Union Pacific Railroad laid with steel rails 
is 283 miles. Fifteen thousand tons of steel rails have been 
contracted for, to be used during the present year, and steel 
rails will be substituted for iron as fast as the permanent 
way requires renewal. 


A Monster Ferry Steamer.—There is now being built at 
the caged of the Central Pacific Rai mpany, at 
Oakland Point, under the superintendence of Mr. A. Brown, 
a mammoth steamer which is intended for carrying freight 
and passengers across Carquinez . Straits. e floating 
bridge, for such indeed it is 





will be 425 ft. in , on 
deck, over all, 116 ft. in width over all, and 18 0 et of 





s lowest. There | 24 





hold. She will be provided with four tracks, running her 
entire length, of cogneiy sufficient for 48 freight cars, or 
o: pepenge cars. ée main k, upon which these 
tracks rest, will be trussed, bolted, and fastened to. 
gether so as to secure unusual gth. In work of this 
character, dre, ‘simple ‘stanchions have been used, 
but in this the trussing underneath the tracks will render 
the superstructure very durable. In the construction of 
this boat 1,500,000 ft. of lumber will be used, of the 
timbers ranging from 80 ft. to 115 ft. in 1 % me of 
this timber is ificent in proportion and finish. The 
new steamer has four balanced ders at each end, and the 
steering gear and the capstans are to be worked by steam. 
The boilers are eight in number, and are to be of Otis steel. 
Each boiler will be 27 ft. 10 in. long and 7 ft. in diameter. 
The weight of each boiler will be 21 tons. Each sheet of the 
steel used in these boilers is to weigh 1285 lb., being ? in. 
thick, with a tensile strength of 60,000 lb. per square inch. 
There will be 143 tubes in each boiler, 4 in. in diameter by 
5 ft. 1lin. in . The total heating surface of the eight 
boilers will be 19, refeet ; steam room, 2715 cubic feet ; 
water room, 3000 cubic feet, or 25,000 ons of water; 
weight of water 225,000 lb. There are be four steam 
drums 17 ft. long and 5 ft. in diameter, and four smoke. 
stacks 40 ft. long and 4 ft. 9 in. in diameter. It is intended 
that there shall be no delay in making the transit across 
the straits, and locomotives as well as cars will be run on 
the tracks. There will be a restaurant on the steamer for 
the convenience of the hands, as well as a cabin for the 
same purpose; and outside of the pilot houses the entire 
room in the structure, except where the engines are placed, 
will be for the transportation of cars. The steamer is to 
be — with two vertical beam condensing engines, 
with 60-in. cylinders and 11 ft. stroke. These engines are 
to be placed in the centre of the boat fore and aft, 8 ft. 

apart, which is done for the purpose of gaining deck room. 
The shafts will be 22 ft. in diameter and 52 ft. long; the 
wheels 30 ft. in diameter with buckets 17 ft. by 28 in. The 
machinery will weigh about 500 tons. The steamer will 
cost upwards of 350,000 dols., including the engines. She 
will be a monster in size, and the builders claim that she 
will be a model in construction, and a giant in service. 

Canadian Pacific Railway.—A contract for the con- 

struction of the section of the Thunder Bay branch of the 
Canadian Pacific Railway, 118 miles from English River to 
Eagle River, has been let for 2,250,000 dols. Another con- 
tract for the section from Eagle River to Kewatin, 67 miles, 
has been let for 3,500,000 dols. 


Ratlroads in New York.—The steam railroad companies 
doing business in the State of New York, own 2801 en- 
gines, 1993 first-class ey cars, 358 second-class pas- 
senger and emigrant cars, 741 mail, baggage, and express 
cars, and 59,413 freight cars. 

Adelaide and Nairne Railway.—The construction of 
this South Australian line has been commenced. The line 
from Adelaide to Crafers Summit, near Mount Lofty, will 
be let in the first contract, and from Crafers Summit to 
Nairne will in all probability form another and independent 
contract. The engineer-in-chief is at present occupied with 
the designs for the locomotives and carriages to be used in 
conducting the traffic, one of his objects being to have 
locomotives sufficiently powerfal to be capable of taking 

assenger trains from Adelaide to Nairne, at a speed of not 
ess than 30 miles per hour. There are to be twelve small 
tunnels between Adelaide and Crafers Summit, the longest 
of them being fourteen chains. The line will stop at Nairne 
for the present, but a survey been made on to the 
Victorian Border. 

The Late Paris Exhibition.—The late Universal Exhibi- 
tion at Paris was not a financial success. The working ex- 
penses were in round figures 2,200,0001., while the receipts 
are not expected to amount to more than 1,200,000/. 








Srzam Frre Enoines ror Szeaepin.—The Austrian 
Government have purchased two steam fire-engines from 
Messrs. Merryweather and Sons, for pumping out the 
water from the town of Szegedin. One of these is the fine 
engine ‘‘ La Belle France,” which, with thirty others, were 
exhibited by the firm last year in Paris, and won for them 
two gold medals. The other is one of the next smaller in 
size. A trial.of the — ine was made yesterday after- 
noon at the Grosvenor , on the premises of Messrs. 
George Smith and Co., of Commercial-road, Pimlico, in 
the presence of the representatives of the Austrian Govern- 
ment. This cngias tne two 9} in. steam cylinders, and 
two 7} in. pump witha 24-in. stroke, the delivery being 
from 1400 to 1500 ons per minute. The suction is 
74 in., and there are four deliveries, twoof 3} in., and two 
of 2h in.—the ordinary brigade size. Steam at 100 Ib. 
pressure was obtained in thirteen minutes from lighting 
the fires, with a cold boiler, and in another minute the 
engine was started with a single }-in. jet. This was soon 
increased to two, and afterwards to four jets, that number 
being finally doubled, and eight fine jets being projected 
far away across the canal. & car -watched wd 
which was made on a previous occasion, rather more tha 
320 tons of water per — were delivered by this — 


ine. t consisted of t yi 
engine. The company presen — x (the 


am te we ba —. oan Miinster, Count Mont- 


ss , Chevalier de Krapf ( -Ge 

or Austria), and Miss Frederica Krapf, Chevalier de 
Reichel, and others. The official visitors expressed their 
entire satisfaction with the engine and its performances, 
and directed that it, with its com m, should be de- 
spatched for their destination. It is oply right Ln ge Mert 
8 add that it was stated by Count lyi . 
Messrs. Meeryweelher hed — made a very grea 
reduction in their charge for th engines in consideration 
of the circumstances under which they are required. 
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THE INSTITUTION OF NAVAL 
ARCHITECTS. 

Tuts week sees the twentieth series of annual 
meetings of the Institution at their usual quarters, 
the hall of the Society of Arts in John-street, 
Adelphi. The meetings extend as is usual over the 
Thursday, Friday, and Saturday, there being a 
morning meeting on each day, followed on each of 
the first two days by an evening meeting. 

The programme provides a goodly show of papers, 
although perhaps scarcely up to the average of some 
recent years in point of general interest. This is 
especially so in regard to matters affecting the mer- 
cantile marine, We shall dwell at length upon the 
more important of the papers hereafter, but at pre- 
sent can scarcely do more than mention the fact that 
the first morning was taken up by the Report of the 
Council, the address of the President, Lord Hampton, 
and by three papers dealing with subjects bearing on 
naval warfare, the first being “‘ On Armoured Ships 
of War,” by Admiral Sir R. Spencer Robinson, 
K.C.B., F.R.S., late Controller of the Navy; the 
second ‘‘On Armour for Ships,” by Mr. N. Barnaby, 
C.B., Director of Naval Construction ; and the third 

On Naval Guns,” by Mr. C. W. Merrifield, F.R.S, 

Sir Spencer Robinson's paper consisted chiefly of 
arguments and experimental results in favour of the 

Hughes system of target, in which the armour is 
backed up behind by hollow-rolled iron stringers 
pes with weet, and Mr. grey. eg was to a 

'. Loe . 
Renee rejoinder to that of Sir Spencer 





Mr. Merrifield’s paper consisted of a severe criti- 
cism on the Woolwic of constructing naval 
guns, his conclusions being: ‘‘1. That the existi 
service gun is a bad weapon, both generally, an 
particularly as regards naval requirements; 2, That 
it is of importance to replace it by a breechloading 
gun; and 3. That that gun should be rifled with a 
uniform twist.” 

To these papers, and the discussions to which 
as gave rise, we shall return in a future number. 

eyond the more or less general interest attachin 
to the papers this year, there are one or two speci 
features connected with the proceedings which are 
worthy of-notice. We have more than once lately 
referred to the circular issued by the Institution 
asking for papers on the screw propeller in compe- 
tition for a gold medal value, 20/., given by the late 
Mr. R. Carlyle. This medal, we are glad to learn, 
has been awarded by the Council to Mr. A. J. 
Maginnis, of Liverpool, and we have the intention 
of publishing his paper in eztenso. It consists 
chiefly of an extensive record of facts con- 
nected with the performances of the White Star 
steamers, and hence will be of permanent value in 
the Transactions of the Institution. Out of twelve 
papers submitted to the Council five were adjudged 
worthy a place in the Transactions of the Institu- 
tion, and ‘Thursday evening is set apart for the 
reading of them, or rather that portion of Thurs- 
day evening which will remain after Mr. Scott 
Russell has completed the first part of his paper, 
‘¢ On the True Nature of the Wave of Translation, 
and the Part it plays in removing Water out of the 
be of a Ship with least Resistance.” 

he special feature of the year, however, in 
connexion with the Institution, and the only one 
likely to render these meetings memorable, is the 
alteration proposed to be made in the rules of 
the Institution relating to the future election of the 
Council. 

We print on page 275 the new rules that are 
recommended by the Council for the approval of the 
members and associates at the general meeting, 
to the present time the members and associates of 
the Institution have had practically no voice what- 
ever in the selection of the members and associate 


,|members of council by whom the Institution is 


governed, Of course, nominally, they had a voice 
in the matter, for any new member or associate 
member of council, after being —_ by the 
Council, had to be submitted to and approved by 
the general body at the annual meeting. As a 
matter of fact, however, these names were invariably 
put en bloc from the chair by the President and 
assented to, as no one cared to undertake the invi- 
dious task of raising objections to particular names 
and challenging the Council on such a personal 
matter. The Council has, therefore, in effect been 
a self-elected Council. There were not wanting 
signs, however, of dissatisfaction at this state of 
things among the — body of members and 
associates, and the Council have very wisely under- 
taken the work of reform, without waiting for a 
crisis, or allowing the Institution to be shaken by 
the agitation which must sooner or later have 
arisen if a real system of election had not been 
adopted. 

In this respect they have shown an example which 
might well be followed by the Councils of some other 
Institutions, who cling tenaciously to every privilege 
and prerogative however a4 ees they may be, 
until it is wrung from them by the urgency and 
determination of the members, 

The changes recommended by the Council are 
most important ones, and augur well for the future 
of the Institution, although, as will be seen here- 
after, they do not go nearly so far as they should if 
they wish to place the matter on a sati ry and 

ermanent basis, The members and associates, 

owever, will doubtless feel thankful for the large 
instalment of reform that has been proposed to them 
by the Council, and will feel that the completion 
of the movement so well begun will not be very 
long delayed. 

At present there is a president, twenty-two vice- 
presidents, thirty members, and seven associate 
members of council, and these numbers are for the 
most part a matter of circumstances, as up to the 
present time there has been no limit in the rules of 
the Institution to either the number of vice- 
presidents, or to the members or associate members 
of council. For the future the number of members 
of council is to be limited to twenty-four and the 
associate members of council to eight. Strange to 
say, however, there is no limit placed to the number 








of vice-presidents, and as they will ‘ at all times be 
entitled to sit and vote with the Council” this is 
evidently a great blot upon the new rules. If the 
usual number of vice-presidents was small compared 
with the numbers of the Council, the omission might 
not be of much practical importance, but as will 
be seen from the figures given above the vice- 
sree ys at the present time nearly equal the 
ouncil in number, And itis, we understand, 
posed that in future the Council, including these 
vice-presidents who form the majority of them, shall 
select each year the president, vice-presidents, and 
treasurer for the ensuing year, oat that this list 
shall be submitted at the annual general meeting 
‘* for their election in a body.” 

Having taken these precautions for securing if 
they wish a majority the Council, the minority of 
the Council—the real nominal Council—are to sub- 
= themselves to a carefully arranged system of 

allot for re-election. This may work, and satisfy 
the members and associates, but to usit sounds vi 
much as if the House of Commons had the power itse 
of re-electing a clear majority of its members, and 
then left the minority to be balloted for by the 
country. 
It may of course be said that it is within the 
powers of the general meeting of members and asso- 
ciates to reject the list of vice-presidents put before 
them, but then it must be remembered that they 
have to reject them “in a body,” and the president 
and treasurer to boot, so that obviously only in the 
last resort could such a course be adopted, and even 
then at the risk of disorganising the whole Institu- 
tion, or even bringing about still worse results. 

No well-regulated Institution should 
rules calculated to bring about a deadlock such as 
this, or rendering it possible, and certainly when the 
rules are being amended such anomalies should not 
be passed over. But this is not all, for the rules 
are so framed that the vice-presidents would survive 
even a hostile vote of the general meeting. By one 
of the old rules, which we believe has not been 


P| amended, it is enacted that ‘‘ All members who have 


held the of president and vice-president shall, 
while their connexion with the Institution as mem- 
bers lasts, be entitled to sit and vote with the 
members of council.” 

Who could wish for a more impregnable position 
than that of a vice-president? Indeed this part of 
the scheme is so manifestly absurd that it cannot 
possibly last, for it could not be seriously defended, 
and would have to collapse whenever an assault is 
made upon it. And this perhaps is its only merit. 
A glance at the list of vice-presidents will show that 
they have been for the most part elected not be- 
cause they were expected to take an active part in 
the affairs of the Institution, but as a compliment 
to their distinguished tion, and obviously the 
course to adopt would be to keep the distinction of 
vice-president separate from the power of voting on 
the Council. e administration of the Institution 
should evidently spring direct from the members 
and associates, and should be in the hands of a 
Council elected for the purpose of its management, 
It is‘not at all an uncommon thing for vice-presidents 
of societies, while occupying a position of high 
honour, to have no voice in the management of 
affairs, and this is what the Institution of Naval 
Architects must soon come to, 

There are, it is true, on the list of vice-presidents 
some who have taken an active part in the organisa- 
tion of the Institution, and whose services on the 
Council could not well be spared, but we should take 
it that this could easily be got over by making vice- 
presidents eligible for election on the Council, in 
which case they would, if elected, have a vote on 
the Council in virtue of their election, and not in 
virtue of their being vice-presidents as at present. 

Apart from this question of the vice-presidents, 
the scheme for electing the council seems very satis- 
factory. The strength of the Council, as we have 
stated, will be 32, of whom 24 will be members of 
council, and eight will be associate members of 
council, The members of council are chosen from 
among the members of the Institution, by members 
only. The associate members of council are elected 
from the list of associates of the Institution, but 
both members and associates vote in their election. 

Now the proposal, as we understand it, is for the 
Council to take each year the list of 24 members of 
council, and add six new names to it, making 30, 
and all arranged in alphabetical order, without dis- 
tinction between the old members and the new ones, 
This list goes out to each member of the Institution, 
who has to strike out any six names he likes, reduc- 
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ing the list again to 24, and these are posted or 
delivered by a certain time, when serutineers will 
decide the names of the 24 who haye the 

number of votes. A similar course is, followed with 
the associate members of council, there being two 
new names added each year to the list of eight, and 
ballot papers are then sent round as in the case of 
members of council, except that the associate lists go 
to both members and associates of the Institution to 
be voted on. 

The system of allowing members and associates to 
send their voting rs is far better than that 
adopted by the Ci ineers and other institu- 
tions, in which the votes of those only who are 

resent at the meeting are taken, It appeals in 
fact to the whole body of electors instead of to the 
small fraction that happens to be at the meeting, or 
that are induced to attend to pack a meeting to 
support the ruling authorities. The only other 
point we need allude to in connexion with these 
new rules is that relating to the election of president. 

Consideration for Lord Hampton, who has well 
and ably presided over the Institution for many 
years, doubtless induced the Council to leave the 

uestion for the present where it is. We cannot 
doubt that the time will come when the Institution 
will follow in the footsteps of other mechanical in- 
stitutions, and elect its president fora short period, 
either one, two, or three years, from the most emi- 
nent of the professional men within its ranks, rather 
than to continue to re-elect year after year a dis- 
tinguished nobleman, even if they could find another 
hereafter, which is more than doubtful, who would 
devote his time and his talents so heartily and so 
. admirably to the service of the Institution as Lord 
Hampton has done for the twenty years he has pre- 
sided over it. 








INDUCTION ON TELEGRAPH LINES. 

A TELEGRAM from Mr. Edison has directed our 
attention to the specifications of two patents taken 
out by him, one in this country and the other in the 
United States of America, which in his opinion 
anticipate the invention of the system for eliminat- 
ing the effects of induction produced in-a set of 
telegraph lines which was described by Professor 
Hughes before the Society of ee ps Engineers, 
and which formed the subject of an illustrated 
article which appeared in this journal three weeks 
ago.* As we were the means through which 
publicity has been given to Professor Hughes’s ex- 
periments, we have felt it incumbent upon us, in 
justice both to Mr. Edison and to Professor Hughes, 
to examine very carefully the two specifications re- 


ferred to by Mr. Edison, so as to be able to form | P 


a perfectly unbiassed opinion of their bearing upon 
Professor Hughes's researches, that we might be in 
a position to place the facts before our readers, 
showing in what respects the two are similar to one 
another, where they run in a parallel direction, at 
what point they diverge, and in what particulars 
there exist essential differences; and, in order to 
facilitate the forming by our readers of a still more 
independent opinion, we have thought it best to 
reprint ix ewtenso the full specification with the ac- 
companying drawings of Mr. Edison's American 
patent, which will be found on another » while 
we subjoin that portion of his British ification— 
also with the drawing—which has reference to the 
subject. The examination of these specifications in 
connexion with Professor Hughes’s paper, which we 
published in ewfenso in the same issue as the article 
to which we have already referred,t enables, 
moreover, each of these eminent inventors to speak 
for himself in his own words and is in of as- 
sistance in the formation of a sound opinion. 

The whole question involved in a case of priority 
of scientific discovery or invention, as well as in a 
case of the infringement of a patent, must rest on 
the ail-im t question as to what is claimed as 
the invention or discovery, and in what way that 
claim is interfered with by the claims of other parties, 
It is therefore necessary to determine at the outset 
of the present inquiry what are the claims of Mr. 
Edieon which Professor Hughes has in his opinion 
interfered with, and what does Professor Hughes 
claim as novel in his experiments or in their results. 
It is due to Mr. Edison to point out that the com- 
pensation of induction in a telephone line by means 
of opposing to it counter inductions by ial in- 
duction apparatus was included in one of his patents 
bearing date as far back as July 30, 1877, or close 





* See ENGINEERING, page 217 ante. 
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is illustrated in Fig. 3 in our article on Professor 
Hughes’s experiments.* Here a telephone circuit 
is made to protect itself against the inductive in- 
fluence of other lines, or what is merely the converse 
of the case, a telegraph circuit is ao 3 harmless to 
other and neighbouring lines by a special system of 
erection, which is applicable but to one line of a 


group. 

On the other hand Professor Hughes who, like 
Mr. Edison, makes no claim to the discovery, or 
priority of suggestion, of the elimination of induc. 
tion by counter induction, claims to have discovered 
a m and invented a system by which any 
number of telegraph lines running in the same di- 
rection may be protected each against all from the 
effects of mutual induction, and we take it that 
this indiscriminate protection of all the lines con- 
stitutes at once the great value of Professor 
Hughes’s invention, and its essential difference from 
any of the very beautiful devices invented by Mr. 

m for destroying the injurious influences of 
lateral induction in a telephone circuit, influences 
which without some such methods of compensation 
would have condemned the use of the telephone as a 
trustworthy instrument of communication. 

Mr. Edison’s American patent, which bears date 
February 21, 1878, i.e., seven months after the date of 
that taken out by him for Great Britain, and of which 
we publish on another page the complete specifica- 
tion, deals with the subject of induction far more 
fully, in that the whole specification is devoted to the 
subject, while in the specification of the British 
patent it is merely touched upon among a large 
number of widely different subjects. The Ameri- 
can specification is a highly interesting one, con- 
taining as it does several very pretty methods for 
the elimination of induction in telephone circuits b 


upon twenty months before Professor Hughes's 
paper describing his researches was published to the 
world ; if therefore the question in dispute between 
Mr. Edison and Professor Hughes were the = ay 
tion of the broad principle of meeting induction by 
counter induction, then Mr. Edison's claim to priority 
would be indisputably established, and the only re- 
maining question to be decided would be whether Mr. 
Edison had or had not been anticipated by any one 
else. Fig. 1 is an exact copy of the drawing 


Fre. 1. 


accompanying Mr. Edison’s British patent to which 
we have referred, and we may mention in passing that 
inthis very interesting specification a large number of 
curious and, in some cases, very beautiful telephones, 
are figured and described as well as the present 
well-known form of the phonograph. The arrange- 
ment illustrated in the figure for eliminating the 
effects in a telephonic circuit of induction from 
neighbouring telegraph wires is so briefly referred 
to in the . eer ee that we quote it in ertenso, 
and in so doing describe the figure in Mr. Edison’s 
own words. ‘* Where several line wires run near 
each other, the wire used for the acoustic or speak- 

ing telegraph is influenced by induction, and false} means of a combination of electro-magnetic an 
sounds will be produced. I counteract this tendency | magneto-electric compensating inductors, and show- 
by placing one or more clectro-magnets 59 (Fig. 28) |ing that both dynamical and statical electric in- 
in the circuit of the speaking telegraph, and one or | duction may be got rid of or neutralised by similar 
more electro-magnets 60 in the circuit of the ad-|arramgements, to which is added the use of con- 
jacent wires, and bringing the opposite cores of 60} densers. The figuresare so clearly explained in the 
at such a distance from the cores of 59, that acertain | text of the specification as to n no special 
magnetic action will be set up in 59 by induction in | description in this place; but we would invite more 
the opposite direction to the induction currents from | particular attention to Figs, 2 and 4, p. 277, as more 
the adjacent line or lines. conspicuously bearing upon the point at issue. The 
“« By adjusting the distance between these magnets | formeris a diagram of oneout of several ments 
when the speaking telegraph is not in use, until | devised by Mr. Edison for protecting a telephone 
there is not any sound at the diaphragm from the | line against the effects of induction of two or more 
induction currents, then those currents will be neu- | telegraph circuits, such, for instance, as Nos. ] and 2. 
tralised, whether strong or weak, and will not pro- | This di bears a very close resemblance to that 
duce any false sounds when the speaking telegraph | which we publishedt in illustration of the general 
is in use. ge upon which Professor Hughes bases 
“I also employ double coils of wire for the same induction balance, and if the use of the 
urpose, one coil being in the acoustic wire, and latter were limited to the protection of one par- 
the other in the wire to be compensated.”* Reference | ticular line against several others, the two de- 
is again made to the same devices at the end of| vices would be very similar indeed, and we can 
the specification in the last of the thirty claims well understand that Mr. Edison, having thought out 
as follows: “I claim as my invention and patented so beautiful a method of compensation, 
Thirtieth. In combination with an electric circuit | should, on seeing the first account of Professor 
containing instruments for reproducing sound, one | Hughes’s experiments, have been struck with the 
or more clectvo-magnets, and one or more com-| Similarity, and should have assumed the two to be, 
pensating magnets for neutralising the inductive | for all the purposes of a patent, identically the same 
effect of adjacent telegraph wires, substantially as|invention. The presence of the iron core is one 
set forth.”t point of difference between Mr. Edison and Pro- 
It is clear, therefore, from the above that Mr. | fessor Hughes’s apparatus, although, as far as the 
Edison’s claim under that patent is no less and no| prineiple is concerned, a not very important one, 
more than that therein stated, viz., the employment and we cannot help thinking that the removal of the 
of electro-magnets with magneto-electric inducting | iron would be accompanied with decidedly im- 
armatures for protecting a single circuit from the results. The counter-induction currents set 
effects of induction of one or more telegraph lines, | up in the lines by the apparatus figured in Figs. 2 and 
and it is also clear that although the compensation | 3 of Mr. Edison's specification (p. 277) are produced 
of induction by equal and opposite counter induc-| partly by electro. etic and eto-electric 
tion thrown into the same circuit is the broad | induction, and partly by the ordinary d ic in- 
principle involved in the invention, still it is not | duction taking place between the coils. e action 
claimed as a part of the patent, for the very simple | of the first of these influences may be described as 
reason that it did not novelty, Again, it is| follows: Currents of electricity such as would be 
Ppa i clear that no claim is made to the discovery | employed in the transmission of a telegraphic mes- 
of a method by which a set of telegraph lines are | sage would, in traversing the coil marked 2, induce 
compensated for induction each against the others. in the iron core g which through 
It is essentially a system of protection of one par-|all the coils and this increase of magnetic intensity 
ticular line against the inductive influence of one or | in that portion of the core which is surrounded by 
a larger number of other lines, but offers no pro- | the coil 3 would induce in that coil a series of cur- 
tection for any others in the group as between them- | rents of erase Aypery by being thrown into the 
selves. It is a special application of the principle of | line with which that coil is in circuit, would either 
counter induction to a single circuit, and occupies | increase, or tend to neutralise, the effect due to the 
to the whole questiun a precisely similar position to] lateral induction of the line No. 2 with which the 

the twisted tdeehine line and return circuit, which | coil marked 2 is in circuit, ' 
was devised independently by Mr. David Brooks, of} It is, however, quite probable that there is 
Philadelphia, and by Professor Hughes, and which — similarity between ordinary dynamical in- 
ification of Thomas Alva Edison. “ Controlling and electro-magnetic induction than at first 

issi 7 and the re-}sight'appears, and that the latter is but a special 

219, Fig. 3, ante. 
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case of the former ; all d induction being 
but an electro-magnetic perm to variations in 
the intensity of the concentric lines of magnetic 
force circulating around a conductor i | an 
electric current, and which have been so beautifully 
demonstrated by Dr. Silvanus P. Thompson, Pro- 
fessor of Experimental Physicsin University College, 
Bristol,* 

The second arrangement figured in Mr. Edison’s 
specification would very satisfactorily accomplish, 
we have little doubt, the object for which it was 
designed, namely, the — of the upper line 
against the inductive influences of Nos. ] and 2, and 
it would in our opinion accomplish that object even 
still more perfectly if the iron core were removed, for 
Professor Hughes’s experiments have shown that 
the presence of iron, or indeed of any conducting 
material within the coils, disturbs the balance and 
renders it next to impossible to obtain absolutely 
perfect compensation. This nay be due to the im- 
possibility of insuring the perfect homogeneity of the 
iron so as to produce uniform electro-dynamic effects 
in the two coils, but it is moreprobably due to the fact 
that the magnetisation of iron is essentially more 
sluggish than the dynamical induction between the 
lines, so that the induction currents and their cor- 
responding ss om counter-induction currents 
are not isochronous, and therefore can only neutra- 
lise one another during the periods when their re- 
spective durations overlap. 

Mr. Edison’s drawing, Fig. 4, p. 277, although least 
resembling Professor Hughes’s apparatus in general 
external appearance, is that which has the closest 
analogy to it in principle, because in this case the 
counteracting effect is produced by ordinary electro- 
dynamical induction, no iron core or other magnetic 
contrivance being introduced. In this case the wire 
to be protected, and the wire to be protected 
against, are wound side by side upon a cylinder of 
wood or other insulating material, and are connected 
to their respective circuits in such a way as mutually 
to neutralise their mutual induction. We would, 
in Mr. Edison's interest, attach more weight to this 
arrangement as bearing upon the merits of the case, 
than to all the rest of his specification put together ; 
but in the absence of an arrangement by which the 
direction of one circuit is reversed at the moment of 
transmitting through it a signal, we cannot see how 
it can be protective against the influence of more 
than one line. 

We believe that it isto Mr. Charles H. Wilson, of 
Chicago, thatisdue the honour of having been the first 
to point out an arrangement by which two telegraph 
lines may be perfectly compensated for induction, 
the one against the other, whichever of the two is 
constituting the primary circuit. This solution of 
the problem is as beautiful as it is accurate, and 
Professor Hughes has, we learn from his letter, 
which we publish in another column, acknowledged 
the priority of Mr. Wilson’s work in the official reprint 
of his paper, which will appear in the next issue of 
the Journal of the Society of Telegraph Engi- 
neers. Mr, Wilson’s arrangement ‘is shown in 
the diagram, Fig. 2, and consists of a bar of soft 








Ton carrying two coils of insulated wire which 
are respectively placed in the circuits of the two 
wins. The effect, therefore of a current tra- 
versing one of the coils would be to induce in the other 
coil a corresponding magneto-electric current, and the 
coils are so connected to their respective lines that the 
currents induced by the coils are in a reverse direction 
to those induced by the lateral induction of the line 
wires. But, as a magneto-electric current so pro- 
duced would in most cases produce a more power- 
ful effect than that due to lateral induction, Mr. 
Wilson adopts the very ingenious device of short- 
yey | each of the coils through a resistance box 
R and R’, and these resistances are so 

against one another, and adjusted for the relative 
influences of the coils and lines, that perfect mutual 
compensation is insured. Mr. Wilson also intro- 
duces into the circuits electro-magnets to act as 

* See ENGINEERING, vol. xxvi., page 392 





condensers for prolonging the duration of the effects 
produced, so as to e his apparatus equally appli- 
cable for long as for short circuits, 

There is certainly a remarkable similarity be- 
tween Mr. Wilson’s arrangement and that figured 
in the second and third fi of Mr. Edison's 
specification, but, as in Mr. G. B. Prescott’s 
book on the Speaking Telephone and other 
allied instruments, full credit is accorded to Mr. 
Wilson for this invention, we take it that, 
bearing in mind the mutual scientific relationship 
existing between Mr. Edisonand Mr. Prescott, the 
fact that it finds a place in the work of the latter, is 
an indication that Mr, Wilson’s claim is equally ad- 
mitted by Mr. Edison. The essential difference 
between the two arrangements is, however, that 
they accomplish different objects and are designed 
for two different purposes, Mr. Edison’s arrange- 
ment is to protect one wire at the expense of all the 
others and regardless of what effects the latter have 
upon one another ; for it is clear that although the 
upper wire is protected from the induction of the 
others, that evil is greatly increased in the others 
by the induction taking place among themselves. 
Mr. Wilson's arrangement is a perfect balancing of 
two lines, one against the other, but is powerless to 
protect either or both from the inductive effect of 
outsiders, or to protect outsiders from the influence 
of the lines to which the system is applied. 

The respective arrangements of Mr. Edison, of 
Mr. Wilson, and of Professor Hughes represent the 
solution of three different problems ; the first,‘ how 
to protect one wire such as a telephonic circuit 
against the inductive influence of other circuits, 
without regard to their influence upon one another, 
or.to the effect which such a system of compen- 
sation would have upon the unprotected lines. the 
second, how to balance the inductive effect of two 
lines, one against the other, so that whether either 
or both are being used the -effects of induction 
taking place between them are eliminated ; and the 
third, how to eliminate for a group of any number 
of lines the effects of induction, favouring one line 
no more than any of the rest; but insuring the pro- 
tection for induction of each and all, ‘whether one 
or more lines are being worked at the same time. 
It will be seen, therefore, that the three problems 
are essentially different and may be connected to- 
gether for simplicity thus: Mr. Wilson’s problem 
is a special case of Professor Hughes’s, while Mr. 
Edison’s is a special case of Mr. Wilson’s. 

But just as the} problems to be solved possess 
essential differences, so the means employed by each 
inventor are equally distinct; and, indeed, it must 
follow from the nature of the considerations involved 
that the general nature of Professor Hughes's pro- 
blem must. necessarily involve very important 
differences in the method of solution to that for the 
more special cases. 

What, in our opinion, constitute the characteristic 
points of distinction between Professor Hughes's 
balance and all other systems, are just those which 
he claims in his letter to us—which will be found 
in another part of the present issue—as being 
the essential features of his instrument, that is 
to say, lst, the reversal of each coil at the trans- 
mitting station at the instant that a signal is sent 
through its corresponding line; and, 2nd, the pro- 
portioning of the length and distance apart of the 
compensating coils to the length and inductive power 
of the lines to which they are connected. It might, 
at first sight, be urged, as a weak point in Professor 
Hughes's apparatus, that if two or more circuits 
were being worked at the same time, and in the same 
direction, their coils would, from the construction of 
the instrument, be reversed together, and, there- 
fore, would not be reversed with regard to’ one 
another ; but Professor Hughes meets this difficulty 
by proportioning the strength of the battery to the 
length or resistance of its line, so asto have as nearl 
as possible equal strength of current passing tdrongh 
all the lines ; for his experiments have substantiated 
in a remarkable degree the fact discovered and 

inted out by Faraday nearly half a.century ago,* 
Pat too often forgotten since, that the phenomenon 
of electrical induction between two conductors 
depends upon differences of electrical conditions 
existing between them, and that if the conditions of 
the-two conductors be alike no induction can take 
place between them, and if two currents of equal 
strength be flowing through two equal conductors, 
they exercise no disturbing ‘inductive influence 
upon one another, and this fact is demonstrated very 








See Philosophical Transactions of the Royal Society, 
Faraday’s erian Lecture, 1832. : 





beautifully. and conclusively by Professor Hughes's 
Me a wm apparatus. 

umming up in a few words the foregoing remarks 
with respect to the relation between Mr. Edison's 

tus e~ Fig. 2 of his specification, page 227) 

and that of Professor Hughes. (A). The two in- 
ventions are similar to one another (1) in the general 
application of the principle, claimed as original by 
neither inventor, of compensating induction by 
ow and ee counter-induction, (2) in the em- 
ployment of one inductor on the wire to be pro- 
tected and one inductor on each of the circuits to 
be protected against, and (3) in the general external 
appearance of the apparatus. (B). The two inven- 
tions differ from one another (1) in the object which 
they are intended to accomplish. Mr. Edison’s 
being designed for the protection of one speciall 
favoured circuit against and at the expense of all 
the other circuits of the group, while Professor 
Hughes’s protects any one member of a group 
against all the others, and all the members against 
one another, making it applicable to telegraphic as 
well as to telephonic circuits, (2) in the method by 
which the inductors are connected to their respective 
lines, for while Mr. Edison’s are permanently at- 
tached (it not being stated to the contrary) in one 
position, those in Professor Hughes's are reversible, 
and must be reversed every time a current is sent 
through them, and (3) the essential differences of 
construction by which the are and distances 
apart of the coilsin Professor Hughes's apparatus 
are proportional to the lengths and mean otaane 
apart of the lines to be protected. 

While, however (having formed the opinion from 
the data which we have been able to collect that the 
differences between the two systems are essential and 
conclusive as affecting the question of priority of in- 
vention) we cannot but feel that it is much to be 
regretted that Professor Hughes did not before 
publishing his experiments come across Mr. Edison's 
specification, which is of such a nature as to show 
the very valuable and important part which Mr; 
Edison has played in investigating the question 
of lateral induction. Had Professor Hughes been 
acquainted with what “Mr, Edison had done, he 
could not have omitted to have placed it on record 
in his paper, as he has done the work of less impor- 
tant contributors to the science of the subject, and 
if Mr. Edison’s very beautiful devices and interest- 
ing labours in this direction had been referred to in 
their place in the paper, we have no doubt whatever 
that no sort of difficulty would havearisen. It might 
be aes that it is the duty of an inventor before 
publishing a scientific discovery to make himself 
acquainted with all and everything that has been 
done in the same field by others, but to those who 
are acquainted with the labour of searching in the 
Patent Office for any particular device buried in some 
specification, of which neither the title, the date, 
nor the number are known, and especially to those 
who have to deal with the essential peculiarities of 
the patent system of the United States, this objec- 
tion could not be seriously urged against any one 
who, like Professor Hughes, is engaged in scientific 

, and whose time can be more profitably 
employed in other capacities. It is, however, un- 
doubtedly the duty of any scientitic discoverer to 
make the fullest and most public acknowledgment 
of all the labours of others which bear upon his own 
researches, that are within his knowledge at the time, 
or to which his attention has been directed after- 
wards ; and the letter which we publish on another 

e from Professor Hughes shows, we’ think, that 
e is animated by the same honourable feelings, and 
will be found‘ready to acknowledge all that Mr. 
Edison has done. And the ‘very moderate terms in 
which Mr. Edison has, in the telegram to which we 
have referred, stated -his claim-to :priority indicates’ 
that he is actuated by‘no personal feeling, but is 
only anxious as a scientific man that his valuable 
contributions to an important branch of scientific 
inquiry should not be. passed over by those publish- 
ing their discoveries in a similar field of research, 

We have in the foregoing remarks arrived at our 
conclusions of course only from the data in our posses- 
sion. We have on the one hand, (1) Professor 
Hughes’s paper read before the Society of Telegraph 
Engineers, (2) his experiments which we have our- 
selves watched with great interest almost from their 
commencement, and (3) Professor Hughes's letter to 
ourselves which we publish in anothercolumn. And 
with respect-to Mr. Edison, we have (1) his British 
specification of: July, 1877, (2) his American patent 
of Fe (1878, which wealso republish on another : 
page, and ‘lastly (3): we have his telegram» of 
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last week calling attention to those two specifica- 
tions and stating his belief that they anticipate the 
experiments of Professor Hughes. It will be seen, 
therefore, that we are at the present moment in 

ssession of far fuller information respecting what 

rofessor Hughes claims, than cting what is 
claimed by Mr. Edison, and we wish for this reason 
to caution our readers against forming an ex parte 
opinion of the merits of the case before the receipt 
of Mr, Edison's reply. It may transpire that Mr. 
Edison has supplemented his inventions by devices 
identical with or very similar to those by which 
Professor Hughes’s apparatus is rendered applicable 
to all the lines of a group, and he may have further 
remarks to make which would altogether modify 
our opinion gprs the relation between the two 
inventions, e can only say for the present that 
our opinion has been formed from those sources of 
information that were open to us, and we shall 
have more to say on the subject when we are in 
possession of Mr, Edison's further opinion of the 
merits of the case. 





THE “THUNDERER” EXPLOSION. 
(Continued from page 262.) 

In our number of last week we showed conclu- 
sively that the evidence of the eye-witnesses of the 
target practice on board the ‘Thunderer was over- 
whelmingly strong in establishing the fact that two 

rojectiles left the fore turret when the electric 

roadside immediately preceding the explosion had 
been fired. We will now bring forward the state- 
ments of William Caswell, who was in the turret at 
the time of the explosion and who alone survived it ; 
his evidence naturally could not be refuted. He 
establishes most conclusively, first, that the gun re- 
coiled by itself about half-way, and was then run in 
the remaining distance by the hydraulic lever ; and 
second, that far from any carelessness having existed 
among the gun’s crew it would appear that the 
greatest precaution was exercised to find out 
whether the gun had really gone off before reload- 
ing, both Lieutenant Coker and a man from the 
battery deck having asked if the gun had gone off, 
to which question N o. 1, the man in charge of the 
recoil of the burst gun, replied that it had. 


Witness :—WiLL1amM CaswELL. 


tae oo Tenens whee ial ee Mo Heer aeeen mame. pesca to consider the evidence of William Brackey, 
S49. What was your duty there P—No. 2 at the left gan leading stoker, who was also at the loading gear 
to attend the elevating gear, and make ready. just before the gun burst. It will be observed that 


852. Did you notice the recoil of the 7 when the 
electric broadside was fired ?—Yes, it recoiled in about half 
way; it was then run back to the loading position by 
No. 1 with the hydraulic. 

353. On previous occasions, when battering charges have 
been used, have you ever known the gun come in far 
enough to be in the loading position without the use 
of the hydraulic lever ?—No. ‘ ‘ 

354. ou think it possible on this occasion the gun 
could have been entirely run in by the hydraulic lever, sup- 
posing that it had been a missfire?—No. As he mast have 
noticed the recoil. If it had not moved when the order 
was given to fire I must have seen it. 

355, After the discharge of this electric broadside were 
the guns reloaded ?—Yes. 

356. Did any one ask from the battery deck, previous to 


f 


reloading, whether that gun had fired or not?—The word | 5 
was , “Did the guns go off?’ Ican’t say who|/¢ 
pas that word. Mr. Coker asked No. 1 of my gun if| 5 


she went off all right, and No. 1 made the answer, Yes. 

357. Was this question as to whether the guns had gone 
off, or not, always asked from the battery deck before the 
guns were reloaded ?—Always when using electric tubes. 

379. (Colonel Dumaresq.) Do you recollect where No. 1 
was standing when the electric broadside was fired ?— Just 
by his levers, he did not have hold of the lever. 

392. (Mr, Bramwell.) After the guns are fired, how 
long is it before the word is given to ‘‘ ran in’’?—There is 
no sach order when we are at shot practice. It is only at 
preliminary drill. 

393. Then is No. 1, the man in charge of the hydraulic 
lever, expected to run the gun in as part of his regular duty 
in shot iee without any order ?— Yes. 

394. When firing the guns electrically, does the electric 
tube generally remain in the vent or does it jump out ?—It 
comes to pieces. 

395. Does No. 1 of the gun generally move his hydraulic 
lever to ran the gun in, as soon as ever t has gone off, or 
does he wait to see how far the gun will come in by the 
recoil before he moves his hydraulic lever to complete the 
running in ?—He would wait to see how far the gun recoils 
before using his lever to complete the running in. This is 
the practice. The gun would have recoiled by the time he 
coaih have put his hand on the lever. 

. We next come to the evidence of Thomas Randall, 
whose duty it was to attend to part of the loading gear. 
It will be seen that he states that after the electric 
broadside was fired, and the _—— for load. 
ing, he saw smoke issuing m the muzzle which 
showed that the gun had gone off, and he also saw 
water issuing from the muzzle after the second 


a 
1) 








nothing to speak of the first time. 


times omit to act, to let the water into the gan?—Not so 
far as I know. 


with the hydraulic rammer after the gun has been 
you us 
the gun. 
given by 

421. 
of the fore-turret after projectiles have been fired from it ? 
—About nine times. 


loading with the round which burst 1t, did you observe the 
same amount of smoke as usual, less than usual or more 
than usual P—About the same. 


was Captain Noble. It will, however, be convenient 
to examine into his statements and opinions as to 
the cause ot the explosion later on, and we will now 


this witness did not observe any smoke issuing from 
the muzzle previous to reloading, but on the other 
hand he saw plenty of water come out after 


sponging. 


drawn ?—No. 


—Yes. 


not that the case ?—On ascertaining they said there was not 


battery deck I passed the word to know what pressure there 
was in the gauge, and they told me 750 lb., and as I got to 
the starboard wing rammer they had just withdrawn the 
rammer and spo 
indicator line, and when they withdraw the second time, 
and I went to the turret to find out if there was any leak, 


leak on this occasion P—No. 
time that this rammer has | 


water you saw come from the muzzle might have been from 


gun thé valve is opened by touching the breech of the gan, 
and the water comes 
before it. 


that the water you saw at the muzzle followed the spon 
head or not. 
drawn it would not always be eas 
was the case or not?—It was after the rammer was with- 
drawn that I saw the water run out of the gan. 


water which came out, whether it was 
good force of water came past the drip pan. 


who was also employed at the loading gear. He, 
unlike the last two witnesses, saw no water come 
from the gua ; but, on the other hand, he was posi- 


sponging, which would have been impossible had the 
old charge remained in the gun. 
Witness :—THomas RANDALL. 


899. (Chairman.) Where were you stationed on morn- 
ing of 2nd January when the ship was at quarters, and what 
were your duties?—I was No. 5 at the. left gun, at the 
hydraulic loading gear of the left gun, and to see that the 
turret was locked before I attem to load, and to see the 
tell-tale was down to sponge and load from inside. 

402. When you load the guns, how do you known that 
the rammer is home ?—There is nothing to tell that the 
rammer is home when the guns are . Even if the 
indicator is working you cannot tell whether a battering or 
a full charge is home. 

403. Then in that case, supposing by some accident a 
gun was being loaded a second time, should you be able to 
tell by a hydraulic rammer that you had rammed home a 
second charge ?—No; I generally see a little smoke coming 
out of the gun when I withdraw the sponge. 

404. Did you see such smoke coming out of the gan upon 
the occasion when you reloaded it, just before the gun 
burst ?—Yes. 

405. Did you hear any one ask from the battery deck to 
the inside of the turret whether the left gun had fired before 
it was reloaded upon this occasion ?—No. 

416. (Rear-Admiral Boys.) Supposing the gun had not 
gone off and been placed in the starboard loading position, 
and you had got the order y one tell-tale to sponge an 
oad, could you have loaded that gun without being aware 
there was anything in it?—There would not have been any 
— coming out of the sponge if there had been a projectile 
in the . 

417. Did water come out on that day when you sponged ? 
—On the second time of sponging there was; there was 


418. Then you had to sponge twice ?—Yes. 
419. Do not the valves in the head of the rammer some- 


420. (Major Owen.) You say that when spongin 4 

ually observe some smoke come from the muzzle of 
Is this the case when plenty of water has been 

the sponge ?—Yes. 

How many times have you sponged out the left gun 


422. On the occasion when you sponged the gun before 


The next witness whose evidence was important 


Witness :—WI.itam Brackey. 


567. (Col. Dumaresq.) Did you notice any smoke come 
rom the muzzle of the gun when the sponge was with- 


568. Would you have seen it had there been any smoke ? 


569. (Major Owen.) I think you said something about 
ponging more than once on this occasion?—Yes, they 
ponged twice. 

570. And on the first time no water came I believe ; was 


ufficient pressure to force the water out of the sponge, and 
here was 750 lb. pressure by the hydraulic gauge, and they 
aid there was not sufficient pressure, and as I went on the 


again the second time. I was at the 


— I got there I found the water ran from the muzzle 
the gun. 
571. Had you time to find out whether there was any 


572. I suppose as you went up to look for a leak at that 


ed before? They all leaked. 
573. So that if the rammer had leaked very badly the 


uch a leak ?>—No. 


574 Why not?—Simply because when they sponge the 


ter the sponge head inst of 
575. Were you able on this occasion to make quite sure 
suppose when the sponge is rapidly with- 
to tell whether this 


592. (Mr. Bramwell.) Did you notice the quantity of 
large or small ?—A 


We will now take the evidence of John Crone, 


a | ail T Geard. 


tive that both guns went off, as he saw smoke com 
from both through the loading port. 


900. (Chet me ee D. on 
5 irman. ere you em) loading th 
ga of the fore-tarret on morning of the 2nd 5 Ar a 


es 
601. Did you see the gun sponged for the round whi 
= — urst the gan ?—Yes. ‘ean ™ 
2. Did you see any water come with the s 
that time ?—No. me 
A 603. Was the gun sponged more than once ?—Yes, 
wice. 
. — Did no water come back on either occasion ?—Very 
e. 

605. Do you know why the gun was sponged twice ?— 
Because there was no water the first time, and ~~ 
little came the second time; there was much less than 
usual, hardly any at all. 

606. Then did on Bo on loading the gun, if so, with 
what charge?—Yes, with full charge. I did not notice 
4 description of the projectile, but I am certain one was 
put in. 

607. a pen hear any questions asked as to whether the 
left gun gone off when the electric broadside was fired ? 
—I heard Mr. Daniel speak to Mr. Coker in the turret. 
He asked him to train to the loading | rma 5 Mr. Coker 
replied, ‘‘ Independent firing is the order. I have fired the 
d am now going to fire the left.” That was 
, af. This was after the electric broadside was 

red. 


_ 608. aA notice yourself when the electric broad- 
side was fired whether both the guns went off or not ?—Yes 
I am sure they went off. 

609. Being on the battery deck how do you judge whether 
both gans went off?—By the smoke coming through the 
loading port from both guns. 

612. (Captain Singer.) When the sponge was with- 
drawn immediately before the charge was rammed home 
which burst the gun did you observe any smoke come out 
of the muzzle of the gun when at the loading position >— 


No. 

This completes the evidence of all the important 
witnesses who were members of the ship’s crew at 
the time of the disaster, and it will be noticed that 
with the exception of the few onlookers who were in 
the crow’s-nest everyone of them had something to 
testify in favour of the supposition that the gun had 
gone off at the round preceding the explosion. The 
evidence of Captain Noble, who was examined as an 
expert, we must leave for consideration until next 
week, the demands upon our space not allowing us 
to deal with it in our present issue. 

(To be continued.) 








THE INDUCTION BALANCE. 
To THE EprIToR oF ENGINEERING. 

Srz,—My attention has been drawn toa telegram from 
Mr. Edison contained in the last number of The Engineer 
relative to my paper on “ Induction” lately read before the 
Society of Telegraph Engineers. The object of that paper 
was, as there stated, “not to bring forward new instra- 
ments, but to discuss the question generally,”’ and the re- 
sults of my personal researches were there stated, not with 
a view of taking out patents myself or bringing out patents of 
others ; the discussion which was invited and which will 
take place next week, will amply suffice for each patentee to 
bring forth his own solution of the difficulty. Still as far 
as laid in my power, I was anxious to give credit where 
credit is due ; thus I learned just before the reading of my 
paper that Mr. David Brooks, of Philadelphia, had already 
proposed the use of double-twisted wires, and I at once 
gave him credit for the idea. I learned immediately after 
the meeting that Mr. Charles H. Wilson, of Chicago, had 
very beautifully resolved the difficulty as regards two wires 
by the use of coils and counter currents. His name was 
therefore at once inserted in the printed report of the 
Society. 
I learn now from the telegram, above referred to, that Mr. 
Edison has, as well as Mr. Wilson, used induction coils and 
counter currents, and that his claim would be found in 
Patent No. 2909, 1877. Of this I was unaware, asit was 
not patented in England under the head of induction, but 
under the title of telephone. Still if I had been aware of 
this claim in his telephone patent I should have given him 
full credit and cited the date of his specitication. If the 
om were simply that of his claim to his patent of 1877, 

should at once freely and very willingly t it, although 
I might have to criticise its nk Any even for the compensa- 
tion of a single line as proposed in his patent. : 
But Mr. Edison leaves it to be understood that his patent 
is exactly the same thing as an instrament I showed 
(amongst many others), and that the use of this instrament 
is directed to the same end and by the same means as his 
own. 
If Mr. Edison restricts his claim to the compensation of 
one line, then I freely accord it, but if he claims to have 
balanced all the lines on same poles, as I propose to do, I 
must beg to differ with him and show the essential dif- 
ference. In describing this instrument in my paper, I 
first described the lines with coils at relative distances, 
and showed how this would just double the induction, and 
do more harm than good. Now this described exactly the 
theoretical conditions as shown in Mr. Edison’s patent, but 
after showing what would not do, I demonstrated ~ 
fulfilling certain conditions (not one of which are men’ 
in the patent of Mr. Edison’s) a perfect induction balance 
could be obtained for all lines. " 
These conditions are too tethales to tally describe here, 





but they may be summarised as 
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1. The coils must be reversed at the instant of putting 
on the battery or its equivalent. 

2. The coils must all have a certain definite length of 
wire in exact proportion to that of the line upon which it 


is used. 

3. The battery power must also be proportionate to the 
le: , 80 as to have equal force on each line. 

ot are many minor details, such as provision for extra 
currents, static c e, &c. The main difference, however, 
between my invention and Mr. Edison’s is (leaving aside the 
questions of practical value and utility) that asa simple 
laboratory experiment, Mr. Edison’s arrangement, as de- 
scribed in English and American patents, will compensate 
for a single line, but not for the rest of the many adjacent 
wires. Mr. Charles H. Wilson’s very beautiful and superior 
arrangement will p gers compensate for two lines. 
The arrangement I proposed compensates for all lines, 
each adjacent wire being perfectly freed from induction. 

Hoping that you may be able to find space for these re- 
marks in your valuable journal, 


Faithfully yours, 
London, March 31, 1879. D. E. Huaues. 








THE MANUFACTURE OF ICE. 
To THE EDITOR OF ENGINEERING. 

Srr,—We notice in your contemporary The Engineer an 
article on the manufacture of ice for commercial use and 
the means to insure its transparency, the palm being given 
to sulphurous acid as a chemical agent for the first purpose 
and for the second to a certain plan of agitation adopted at 
Chelsea. Can you find room in your valuable paper for the 
few remarks that follow ? 

We do not wish to extol our own system of ice machi- 
nery ; whatever the merits of the various chemical agents 
may be, they are of Nature’s own e— and no manu- 
facturer can therefore claim credit for them. Butin putting 
one forward as the best adapted for practical purposes, we 
think its defects should not be omitted as they may be 
found to more than balance the advantages claimed. 

Weare told that sulphurous acid is highly volatile, that 
it does not require more than 60 lb. per square inch pressure 
to liquefy, that it is not combustible nor explosive, nor has 
it a corrosive action on metals, which in fact it lubricates. 

What we are not told is, that a pressure of 601b. _ 
square inch for liquefaction, as compared to 61b. or 10 lb. 
in the case of ether, is a heavy pressure resulting from, 
and compensating the high — of volatility claimed as 
an unqualified gain; that sulphurous acid is injurious to 
animal life even to suffocation ; that cast iron is the only 
suitable metal for its use; that it is non-corrosive only 
when perfectly anhydrous ; and that a leak is sufficient to 
put an end to its so-called lubricant qualities. 

In fact, as usual, there are two sides to the picture, and 
the one we have shown is, we think, of sufficient importance 
not to be overlooked. 

As for the system of agitation claimed, in so far as 
moulds open at the sides, and side agitators are concerned, 
there is nothing new in it, and without going further back 
than the Paris Exhibition, we may mention that the ice 
box shown by us was constructed on a similar principle. 
The moulds, however, were not p’ horizontally. 

There is a great objection to the use of hollow freezing 
surfaces, and that is the difficulty experienced in removing 
the ice, the trouble of drawing off the brine to introduce 
hot liquor, and the waste resulting from the partial thaw 
thus induced. 

Before concluding we wish to state that the purity and 
transparency of the ice does not appear solely due to the 
expulsion of the air, but also to a mechanical disposition of 
> : “eee which seems equally obtainable by freezing 
slowly. 

We remain, Sir, yours faithhfully, 
For the Atlas Engine Co., Limited, 
G. DUVALLON. 

Atlas Works, Birmingham, March 17, 1879. 


“NEW THEORY” OF TERRESTRIAL 
MAGNETISM. 
To THE EpIToR oF ENGINEERING. 

_Srr,—Your reporter may be congratulated on the effec- 
tive demolition of the new so-called theory of terrestrial 
magnetism of Messrs. Ayrton and Co., afforded by the letter 
of Dr. Muirhead in your last. If I understand that gentle- 
man’s argument or exposition, it is as follows: Because 
it was shown in Helmholtz’s laboratory that the motion of 
a charge of electricity relatively to a bar of iron could magne- 
tise that bar, it follows that if you put a bar of iron into a 
r may and charge it on the exterior with electricity, and 
then spin it round (giving, therefore, to the whole system 
the same velocity), the interior iron will be magnetised. 
This appears a rather strange deduction, since in the one 
case there is relative motion between the electricity and 
the iron ; in the other, where they rotate at the same speed, 
there is no relative motion. Hence, if the new theory is to 
hold good, either the simple rotation of a bar of iron must 
magnetise it, or else there is relative motion between the 
- of a d system when it is rotated as a whole. 
will leave fessors Ayrton and Perry and their de- 
= to choose which horn of the dilemma suits them 
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Licut Draucut SrzameErs.— Messrs. Yarrow and Co., 
of Poplar, have recently contracted to build two steamers 
for the Government of the United States of Columbia for 
the conveyance of the mails up the river 


Ww 
the greatest possible speed on tlie lightest draught was 


required. The vessels are 130 ft. in length by 28 ft. beam, 
and Messrs. Yarrow and Co. have undertaken to give a 
=< 
of 12 in. 


between 15 and 16 miles an hour with a draught 





here | figure 


NOTES FROM THE SOUTH-WEST. 

The Pensher Collieries.—Sir George Elliott, M.P., has 
offered to re-open the Pensher Collieries on condition that 
the profits should be devoted to the payment of the work- 
men’s wages, and the balance, if any, to the rent of the 
royalty, his capital to be used without interest. The land- 
lords of the royalty have not yet given their assent to the 
proposal. 

Gas at Bristol.—The Bristol Gas Light Company have 
had under their consideration for some time the necessity 
of building new gas works near the city, and having ob- 
tained an eligible site at the end of Lhdenmends the 
foundation stone of the first tank was laid on Wednesday 
by Mr. F. Terrell, the chairman of the company. The 
land which the company have secured for the erection of 
their extensive works is over 40 acres in extent, and is 
situate in the parish of Stapleton. It is bounded on the 
north by Treefield-road, on the east by the midland section 
of the Clifton Extension Railway, on the west by the South 
Wales Union Railway, and on the south by the River 
Froome. Thirty-six acres of ground will be occupied by 
the buildings, the remaining portion—that lying towards 
the river—will be utilised for the deposits of the earth ex- 
cavated in levelling the upper portion of the site, and for 
the storing of material. An approach to the works will 
be furnished by a broad road, which will be connected with 
the Stapleton-road at a point near the Black Swan Inn, by 
a bridge thrown over the River Froome in the rear of that 
hostelry. The plans for the buildings have beon furnished 
by Mr. Walter Fiddes, the engineer to the company, and 
the carrying out of the work will be under the superin- 
tendence of Mr. William Fiddes. The contract for the 
buildings has been taken by Messrs. J. Aird and Sons, 
Lambeth, and was signed by them on the 2nd of January ; 


the undertaking is to be completed, and gas made by the 
ist of November next. Only the sixth portion of the 
i upon the site, 


buildings, which are eventually to be rais 
are to be erected by the present contractors, and the 
amount which this portion will cost is estimated at 80,000I., 
an additional 20,0001. being required for making the main 
road and the bridge over the Froome. The contract for 
the latter portion of the undertaking has been let to Messrs. 
Stevens and Bastow, of Bristol. 


Water at Bristol.—The half-yearly meeting of the 
Bristol Water Works Company was held on Sotanter. The 
chairman (Mr. C. J. Thomas) stated that in order to meet 
the increasing demand for water they were erecting at 
Chelvey a powerful engine to give an additional supply, 
and the nearly completed the erection of the engine 
at the Victoria reservoir, which would enable them to send 
the water on to the reservoir on the downs in order to 
supply the higher levels. The company were now going 
north and south and east and west, a + Darel either way 
of = oan. and consequently covered a large area of 
ground. 


The Cherbourg Route to France.—It is stated that the 
Great Western Railway Company contemplates the transfer 
of their Cherbourg steamer traffic from Weymouth to 
Portland, which has this week been visited by Sir Alexander 
Wood, the deputy-chairman of company, who ully 
examined the pier, the jetties, and the mere. It is 
suggested that the latter would form a splendid dock. 


H.M.8. Mercury.—The preliminary trial trip of the steel 
despatch ship Mercury, which was launched from Pem- 
broke Dockyard April 17th, 1878, took place on Tuesday; 
and was in every respect satisfactory. The ship steamed 
some distance out te sea beyond St. Annis Head; and not- 
withstandin 
without aon up to full boiler power, easily accomplish 
16 knots per hour. The Mercury is a sister ship to the 
Iris, also launched from the yard at Pembroke Dock. The 
Mercury is 300 ft. long, having a draught of water forward 
of 17 ft. Gin., and aft 22ft., the mean draught being 
19ft. 6in. Her displacement in tons is 3739, and her 
indicated horse power 7000. When completed she will 
have an armament of eight 64-pounder side guns and two 
64-pounder revolving guns—one on the forecastle and one 
onthe poop. When ready for commission, the total weight 
of equipment on board will amount to 2427 tons. The 
official trial of the ship’s speed will be made at Portsmouth. 


The Ebbw Vale Steel Works.—These extensive works 
are again in full swing, after being idle for nearly two 
months, owing to a serious accident to an important part 
of the machinery. At the time of the accident many ven- 
tured to predict that the stoppage would be much longer 
than it actually has been. 


Monmouthshire Railway.—The Monmouthshire Rail- 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a fairly 
good attendance on Change at Middlesbrough. Nominally 
the prices of Cleveland pig iron were based on No. 3 Cleve- 
land selling ab 36s. per ton. Makers who could afford to take 
an i dent position, declined to book orders at a lower 
ign this, pe there were others who me -—_ allow 
the opportunity of securing contracts go pas prices 
ranging from Bos. to 35s. 6d. per ton. Many of the mer- 
chants who have been “ bears’ so long offered to sell at 





a brisk wind and a chopping sea, the vena, f 


at prices which it is probable they will not be able to de- 
liver at without sacrifice. It was ascertained 
that Messrs. Connal and Co., the warrant storekeepers, of 
» had in stock 85,000 tons of 
they were receiving iron at 
tons daily. Their Middlesbrough 
uoted nominally 35s. 9d. net cash 
». 3. lasgow their stock amounts to 235,818 tons. 
Shipments have much improved during the last few days, 
and iro who can afford.to put iron into stock see 
no reason why they should accept less than 36s. per ton for 
their iron. 

The Finished Iron Trade.—Instead of improving it ap- 
pears that this branch of industry is actualy were than 
it was a few weeks ago. It is seriously contemplated by 
the manufacturers to enter intoa combination for the pur- 
pose of the make of plates with the view of pre- 
venting the further decline in prices. Combinations, how- 
ever, are seldom of much lasting value. Another reduction 
is proposed in the finished iron of the ao ae 
land. A few days ago the manufacturers met ya 
following resolution : ‘‘ That seeing the figures itted to 
Mr. Shaw Lefevre show that the earnings of certain classes 
of workmen in plate and sheet mills are excessive and 
altogether disproportionate to the price obtainable for 
plates and sheets, it is resolved that notice be given to the 
operative secre’ of the Board of Arbitration that the 
employers claim after the 30th of April next a reduction of 
15 per cent. in the of rollers, beaters, and shearmen 
in plate and sheet , and of forge rollers and shinglers 
working for plate and sheet mills at all works connected 
with the Board of Arbitration.’’ . This notice is now in the 
hands of the operative secretary, and it will affect the iron 
tratle of the whole of the North of England. The iron 
rail trade has passed away and nearly all the works are 
engaged a a ng and sheet making. As little time as 

ible be lost in bringing the matter before the 
rd of Arbitration, and it is hoped that the matter will 
a gg and amicably settled through the agency of the 


The South Bank and Clay-lane Iron Works.—Yester- 
day Mr. Charles Willman, auctioneer, Middlesbrough, 
began to sell by auction the loose tools, loose t, . 
stores, &c., at the Clay-lane Iron Works, and after finish- 
Renee ea ng i of those at the South Bank Iron 

orks close by. A vi considerable portion of the 
property was bought in by the mortgagees who are arrang- 
ing to carry on the furnaces. 

The Iron Trade and the North-Eastern Railway Rates. 
—A few days ago a deputation from the Cleveland iron 
trade waited upon the directors of the North-Eastern Rail- 
way Company at York, with reference to the charges on 
mineral c for iron ing. While unable to make 
further concessions the di agreed to extend the con- 
cessions made last to the end of this year. 

Engineering and Shipbuilding.—There is aw | 
calling for special mention in these branches of industry a‘ 
present. T is a fair amount of work going on in the 
northern rivers. 

The Coal and Coke Trades.—All kinds of fuel is plentiful 
and cheap. There is no indication of early improvement 
in the coal and coke trades. 





CoaL-SuipPina MacuIngry.—We notice that Mr. 
Graham, C.E., of 6, Westminster Chambers, S.W., has 
designed an improved coal hoist which may be worked 
either by steam or hydraulic er. The rising and 
ling platform carries a turntable u its upper surface 
which enables it to be used for any iption of tipping 
wagon, and a shoot is contrived so that hopper wagons 
may be likewise discharged. The machine is thus ren- 
dered universal in its action, and the ee is 
claimed as a decided advance over present hipping 
arrangements. The placing of the } Ae erent er on a 
universal axis also adds facilities for the trimming of the 
coal in the hold of the ship, as the coal may be shot in any 
direction. The mp te is intended to effect a consider- 
able economy in labour, whilst the absence of points, 
sidings, and turntables, and the usual supervision of the 
sorting of the wagons on the quays is an advantage which 
all accustomed to coal-shipping will at once appreciate. 

Tue Borter InsvuRANCE AND’ STEAM PowzER Com- 
PANY. — It is announced this week that Mr. Niel 
siuas olen of teoengiunsanmameel oe Baxommesat 
ablest officers o engineer e 
the Controller of the Navy, has resigned his position in the 
Government service to accept that of chief engineer and 


way and Canal Company’s Bill for closi art of the 2 

pe near Newport Dock. having been p by a Lords’ general to The Boiler Insurance and Steam Power 
Committee, there is every reason to believe that in due | Company of chester. We congratulate ween 
course it will become law. The effect of it will be to enable | 00 having secured the services of an . ne e ability 
the company to give increased railway accommodation | 0d varied experience of Mr. a , who has been we 
in the aaighbeushend of the Newport Dock, and greatly | believe, about thirteen years = er Majesty’s a 
facilitate trade in that locality. whose position as an engineer ag Officer gave him ex- 


ceptional opportunities of acq direct } 
as can pmeoene obtained in a service of the magni- 
tude of that which controls the steam machinery of the 
Navy and Royal of this country and our colonies. 
The company to whom Mr. McDougall’s services will now be 
devoted » we believe, some’23,0( boilers, and 
oe of maene a eee its noe m, and 
ample scope for the display of abilities of a hig! 
ea ial that the i bids 
essional talent than Government ts, 
therefore, cannot wonder at the step taken 
McDougall, although it is melancholy to think that 
when mechanical 


eget 
the most promising officers should see so little 


4 


ES 
$3 
BS 


z= 
ERs 


35 


| 





low figures, but itis known that most of them are now 
anxious to cover themselves, having in some instances sold 


within the service compared to those open to them 
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VERTICAL TUBULAR BOILER 

Ovr illustration, annexed, represents one of the many 
types of vertical boiler exhibited at Paris last year 
by French engineers. It is constructed upon Polinard’s 
system by the firm of Carnaire and Montellier, of St. 
Chamond, by whom it was exhibited. Externally it has 
a common cylindrical shell 3 ft. 14in. in diameter and 
6 ft. 9.5in. high. The furnace is small and low and of 
an oval section, placed down at the bottom on one side. 
Its smallest diameter is 1 ft. 7.25 in. and its height 
1 ft. 11.6 in., the surface of the grate being about 2 square 
feet. The top of the firebox communicates by nineteen 
vertical tubes, each 2.36 in. in diameter, with a flat cy- 
lindrical flame-box lying entirely below the water line. 
This flame-box has a removable top bolted on ; it is 25.6 in. 
in diameter and 11 in. high, and from it 19 tubes of the 
same diameter as before conduct the gases back to the 
bottom of the boiler. The space below the shell is enclosed, 
and the gases are led thence upwards by nine 3.94 in. tubes 
through the whole length of the shell (both water and 
steam e) to a smokebox on the top, on which is a 
chimney 11.8in. in diameter. By this arrangement an 
exceedingly large heating surface, proportionately to the 
size of the boiler, is obtained, the boiler illustrated, for 
instance, containing 161.4 square feet, or 15 square 
metres. MM. Carnaire and Montellier make boilers of 
the same type from a size having 2 square metres (21.5 
square feet) of heating surface up to one having 30 
square metres (323 square feet) of surface, the prices 
varying from 450 francs to 4800 francs respectively, 
without mountings, which add from 230 to 680 francs to 
the cost. We are indebted to our contemporary the 
Révue Industrielle for our engraving of this boiler. 


MACHINE-WORKED PUNKAHS.* 
By Hon. BR. C. Parsons, B.A., A.1.C.E., M.I.M.E. 

Many are no doubt aware how extensively the punkah is 
used in India during the hot season. This season on an 
a extends from the months of March to October 
inclusive, during which time punkahs are considered by 
the European inhabitants not only as Ch yey but as a 
map p dnt as an essential to the preserva- 
tion of th. The punkah is of universal application, 

ing used not only in the sleeping apartments at night, 
and during the siesta in the hot of the day, but also 
in the churches and other public buildings. As some here 
may not be acquainted with the construction of the punkah, 
I propose to describe the principles involved in its 
manufacture, and then to illustrate its mode of action by 
the small punkah I have here erected. 

The form most extensively used in India is that known 
as the “‘frame punkah.”’ This consists substantially of a 
rec wooden frame about 10 ft. by 1 ft. 6 in., to 
both sides of which is attached canvas, which then receives 
two or three coats of whitewash. Below this framework 
hangs a fringe of cloth or sacking in depth about 12 in. 
This framework with the fringe hanging below it is then 
ee by three or more ropes or wires from the ceiling 
of the room, at a height from the floor depending upon the 
requirements of the inmates. Another and perhaps one of 
the simplest forms is that known as the “‘ pole punkah.”’ 





As used at er in India this consists of a heavy 
wooden pole about 10 ft. long, which like the “frame 
unkah,’ is s ed by three or more cords or wires 


rom the ceiling. Attached to this pole is a curtain which 
hangs below it, made of coarse canvas, increasing in its 
number of folds as it reaches the end. Over this coarse 
canvas is a white calico cover, which in the houses of the 
rich is often highly ornamented. Some of these curtains, 
instead of having their thickness increased towards their 
lower edge, are — with shot, which is the case in 
the punkah here exhibited. The object of thus weighting 
the curtains will be presently explained. 

In order to illustrate the general arrangement of the 
punkah system, we will su; that six or more of these 
punkahs are required in an hospital ward. These punkahs 
would then be sus from the ceiling in a line parallel 
to each other, the distance between them depending upon 
special circumstances, such as the spaces between the 
windows, beds, &c. Connecting these six punkahs are 
two cords which run along the whole line at a distance of 
about 2 ft. from the extremities of the poles. Attached to 
the centre of the first pole of the set is a light cord which 
is often led over a pulley on the wall and then down to the 
coolie whose duty it is pad the punkahs. Perched upon 
a high stool the coolie the cord, and the six punkahs, 
obe the impulse, immediately make 


coolie has 

the punkahs in virtue of their 
be again led forward by the 
ward This 


the i 
ing action wake up conscious of a feeling of suffocation, 
sen PaPer Fond before G Section of British Association, | 





; | excited and much hea 





VERTICAL BOILER. 
CONSTRUCTED BY MESSRS. CARNAIRE AND MONTELLIER, ENGINEERS, ST. CHAMOND. 
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and the unfortunate coolie is made a b 
of boots and brushes, Saeotiaada mt fre penmnonads 
missiles is exhausted in a volume of ’ - 


The unkahs are then started afresh, but unf: 
the evil is not repaired. The inmates of the house, al 
especially the patients of an having become 


this mishap, are now subjected 


to the renewed action of punkahs, and this is found to 
teat frequent cause of many diseases produced by sudden 


To those who have not experienced the heat of an Indian 





summer, the punkah may seem to be a very primitive con- 


-gheebenbidel tit Ll iit 














trivance for producing the required cooling effect, but the 
longer one considers its action, the more suitable does it 
ap to fulfil all the conditions for which it is d : 

now propose to consider briefly the principle upon 
which the punkah acts. Many persons labour under the 
impression that the punkah is intended to cool the air of 
the room in which it operates, but this in accordance with 
the ordinary laws of nature cannot be the case, as it only 
agitates the air in its immediate vicinity, consequently its 
cooling action does not depend upon this. The real obje 

of the punkah after all is merely to assist nature in its 
efforts to keep down the temperature of the body, and this 
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is done by promoting the evaporation of the perspiration 
— a ply of the skin, and thus by means of 
the absorption of latent heat to produce a corresponding 
fall in the temperature. — 

For the effective merting. of the punkah, and for the 
attainment of a proper cooling action, the pole from which 
the punkah curtain hangs should receive a sudden impulse 
at the commencement of each stroke. The object is to 
raise the curtain into a wen | horizontal position, and as 
soon as the impulse is spent the curtain will, by virtue of 
its weight, fla downwards, carrying with it a current of 
air which strikes upon the inmates of the houses whether 
they are asleep at night or seated in the daytime beneath 


em. 
aevith the ordinary punkah pulled by coolies the sudden 
impulse and succeeding flap imparted to the curtain is only 

roduced in the forward swing of the punkah, and as a 
matter of fact the return swing is for the most part destitute 
of any cooling influence. _ 

Asa practical proof of this, when the punkahs are swung 
over the dining tables in India, on the company proceeding 
to take their places. it is invariably found that the seats 
facing the forward swing of the punkahs are occupied 


first. 

Also in the Peninsular and Oriental Company’s steamers 
where punkahs are much used, and where they are now 
pulled by coolies employed for this purpose, the same pheno- 
menon is observed, and in addition to this the side of the 
table facing the forward swing of the punkahs on the out- 
ward voyage is termed the Bengal side of the table. 

As a result of this it is found that in order to produce an 
effective machine for swinging punkahs it should have the 
power of giving the required impulse both on the forward 
and return swing, and what is more important than this 
that the machine should be incapable of ceasing in its action 
provided that there is a small pressure of air admitted to 
the piston. . 

As the construction of the valve gear which is an essential 
to the effective working of the machine is new, I propose to 
explain the general idea involved in its construction. 

Referring to Fig. 1, the air is admitted —-= the pipe 
a, which communicates with the cover of the slide valve, 
and from thence is admitted through the passage b at the 
upper end of the cylinder. The pressure of air then acts 
upon the piston, forcing it downwards, also producing a 
downward motion in the piston-rod. The piston-rod being 
attached to the arm d by means of the two side links c, a 
corresponding motion is epee in the arm e, which 
being rigidly connected to the punkahs by means of a rod m, 
Fig. 2, imparts a similar motion to them. 

As soon as the piston has travelled down to the end of the 
cylinder, the valve opens in the upward direction, and air 
is then admitted through the passage f to the lower side of 
the piston, which is then forced up, and a contrary swing 
is imparted to the punkahs. : 

I shall now describe the action of the contrivance which 
is the essential feature of the machine, and which affords 


the attendant the power of _— ing the frequency of the 
strokes, and also removes possibility of the machine 
ceasing in its action. 

te of the machine is the small 


Attached to the we 
— g, filled with oil. This cylinder is so constructed 
t 


tthe piston, which works within it, only fits at its centre, 
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SS 





and the action is reversed. Thus, eseepting 20 Ges asta. 
dation in the action of the valve caused by the oil cylinder 
is increased, the number of strokes -by the 

per minute is diminished, and vice versd; so that the 
a of strokes can be varied within very considerable 


But the most important feature in this valve re- 
mains yet to be explained, that is its inability to allow the 
to come to rest. The spring l, which, whether 

the lever k happens to be in an upward or downward 
green exerts a force on the valve either upward or 
ownward, and consequently the valve is of necessity either 


on 



































through cast-iron mains to the various buildings in which 
punkahs are required; for instance, throughout a town, 
a pe agen or other suitable place. This com- 
= ed air would then be admitted into the separate 

 ~ tamaaaias similar to the gas supply in this 
country. 

In each room would be placed a machine similar in con- 
struction to the one here, but varying in size according to 
the number of punkahs which it is intended to pull. B, 
merely attaching these air pipes to the machines, and 
turning on the air, the punkahs are kept swinging as long 
as they are oy oe 

In order to determine the amount of work each machine 
performs per week or month I have attached a counter 
upon the side of the box enclosing the machine, which 

isters _ at — — stroke 3 the punkahs. 
us in the event of a com ing formed to su; 
air for the purpose of panksh polling throughoxt a ey 
each punkah machine can be rated according to the 
number of punkahs it is capable of pulling, and the com- 
rged for according to the number of strokes 


pressed air cha: 
registered on the counter. 

A compressed air system of this nature resembles very 
nearly the pneumatic despatch which has been in- 
troduced so extensively the last few years throughout the 
pee towns in this country, and also in other European 

owns. 

In this town the * te le of the mains has 
attained up to the present time 1 mile 940 yards. 

In London, where this system has been very extensivel 
and efficiently carried out, the despatch tubes have attai el 
a length of about 19 miles, and in Paris a similar system 
extends for a distance of 15 miles. 

Another use to which compressed air has been applied is 
the transmission of power for industrial , and at 
the present time necmeeny has been formed for conveyi 

wer from the Falls of Niagara to the city of Buffalo, a 

istance of about 25 miles, through the agency of compressed 
air, which would be compressed by means of hydraulic 
engines at the Falls, and carried in cast-iron mains to the 
various points where power is required. 

The power available at these Falls, according to Dr. 
Siemens, amounts to 16,800,000 horse power, which, if 
produced through the agency of the steam engine, would 
require a consumption of coal amounting to 000,000 
tons of coal per annum. 

In coal mines, where strikes have had such a disastrous 
effect, compressed air is now being introduced very ex- 
tensively, and I was told the other day that the services of 
boys in coal mines would soon be nearly, if not quite, 
dispensed with by the ion of ingeniously 
machines which will do the work more efficiently and 
cheaply. I fear that it is in this way that the labouring 
class have benefited by strikes. 

Having now briefly sketched out the general idea in- 
volved in this system of punkah pulling Apne on 
actuated by compressed air, I shall pass on to consider a 
few points connected with the proper ventilation of build. 
"Sy tis ecakey verage temperature of th ] 

country the a of the externa: 
air is lower than that contained within the houses, and as 
a matter of course a current flows from the room up the 
chimney, and to make up this deficiency air enters through 






















































S 
and at each end there is a considerable space betwen it and 
the sides of the cylinder, which allows the piston to move up 
and down freely at those!points. Through the narrow 
of this cylinder is cut a slot or , which is capable of 
—— closed by means of the screw h. In the event of the 
machine being situated high up on the wall of a room, this 
screw is turned by the cordn. "When the passage is closed 
the piston is pushed slowly past the narrow part, in con- 
ae of the oil contained in the cylinder finding a 

ifficulty in flowing in, to fill up the space vacated by the 
piston ; but on the other hand, when the screw is withdrawn 
and the passage has been opened, the piston is easily forced 
past this narrow part of the cylinder. 

- It is this simple contrivance which renders it possible to 
vary a number of strokes made by the machine per 
minute. 

_As the piston is moving in a downward direction, the 
piston-rod crosshead j touches the lever k, which is attached 
to the valve-rod and also to the piston of the oil cylinder ; 
the spring 1, which is also attached by means of the link o 
to the lever k, in virtue of its tension, exerts a force 
inwards, and at the same time produces a force downwards 
upon the valve. 

The crosshead j, which I have just mentioned, when it 
touches the lever k throws it into the position indicated by 
the dotted lines, and at the same time the piston is carried 
to the narrow part of the oil cylinder. 

The spring now, .Y of acting _ valve in a down- 

ard | ion as i ously, in an upward 
direction, and would, if oa hindered by the pi hs the 
oil cylinder, open the valve so as to it the air on the 
under side of the piston ; but the action of the valve bei 


, being | time advocated by Captain Edw 
retarded in this way, the piston is allowed time to travel to difficulties which I have mentioned 


the end of the cylinder before the valve is moved upwards, 
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ya or lower side of 
backward or forward movement in 
the punkahs is produced, provided any air is admitted into 
the machine. f i 

For some years inventors have turned their attention to 
the subject of ae ty ym f as a substitute for 


open so as to admit the air upon the 
ihe pintems so that a 


coolie labour, but up to the present time no scheme has 
met with any considerable amount of enco ent either 
with the Indian Government, or with the European resi- 
dents in that oe ey Bs 

The most su of these mechanical inventions is one 


and from thence along the walls of the rooms in which the 
punkahs are situated Attached to this horizontal shaft- 
ing at various intervals are cranks, which as the shafting 
revolves swing the punkahs to and fro. ‘ 

It is scarcely necessary to ag why this scheme has 
not ae jee general support. In the my the ae, 
tion ing a steam ine heating basement 
the house "which the are intended to cool. 


lastly "Ee ieormeantio ot not being able to ly 
’ insu Supply 
with punkah power from one central engine. 

In the com air which has been for some 
ad i Palliser, none of these 
occur. In this system 


the air is compressed by a central engine and transmitted 



























the chinks in the doors and windows. This state of thi 
continues so long as the temperature of the internal air 
exceeds that of the external, but as soon as this difference 
chimney is brought to rest, and 
comes to an end. 


t of the internal consequently current is 
down the chimney, ‘and heaos the unpleasant amalf of oot 
which is often noticed in our houses in hot weather. But 
there is another case, and one which is of most common 


occurrence in country, the internal tem being 
much higher than that of the external, and difference 
being produced by a fire burning in an open fireplace. The 
current up the in this case is very great and is 

at the of loss of heat and s large 
e iture of , mf Bes apy wedi grind ye 

as it insures a thorough system 

ventilation hout our houses, and a t im- 
provement in their With a view to a 


especially in countries where fuel is nsive, stoves have 

hoch sunnk, bud nab without a: Saey aneed 

worse in the sanitary conditions of the houses. 

nh we par he be lighted the merely 
no fire ma; in 

for the parpeen of aunting a deomalion el tia olt Ueneeate 
i ing from these 

ventilation of houses in 
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tain the temperature within the buildings lower than that 
of the external air; this state of things is exactly the 
converse of that in our country, and could only be produced 
upon the gravitation system by having a chimney down 
which water should be kept ealentty trickling. The air in 
this chimney would then be colder than the external air 
(due to the evaporation of the water) which would insure a 
continual downward current supplying the room with a 
considerable quantity of cold air. 

This contrivance is — out in a modified form 
in India, and is known b by the name of the “‘ therman- 
tidote, ” or a corrrector temperature. Instead of the 
chimney mentioned above a fan is used similar to those 
employed for ventilating mines, which drives air through 
a moistened mat hung in the nerf of the room to 
cooled, and as the cooling of the air depends upon the 
evaporation of the water from the mat this machine looses 
its effect if the external air is charged with moisture. These 
mats in India are called ‘‘ tattees’’ and are made from the 
roots of a sweet scented grass called ‘‘ khus-khus’’ and are 
very costly. 

The Mexhveitons of the thermantidote is the chilling 
effect which is copuieness when it has been in action for 
ashorttime. I need a =e that this is attended with 
many evils which are ly — to its producing 

ocal draughts of a counters uced temperature. In 
order to remedy this defect i Palliser and I have 
arranged a small ventilator which will be placed in the 
ceiling of the room to be ventilated. ventilator would 
consist of a fan, attached to which would be an pes iy 
small engine driven also by air taken from i A gr 
compressed air tem for working the I have 
herea small ventilator of this kind, and 
on the compressed air the ventilator im 
rotate, and a current of air is produced by the fan. This 
system of forced ventilation in the roof is similar a the — 
now used in the Houses of Parliamert in London, and has 
been arrived at after a long series of experiments and not a 
few failures. 

By adopting these two machines in a house or barrack in 
India a perfect ventilation can be maintained by means of 
Oe oe y action of 
the punkahs the inmates of the houses can be continvally 
cooled. But there is another which a new 
weton of this kind must be viz., the finan 
Having caref gone into 

» and having had 
some months 
Westminster 


y marly turning 


itt 


Fz 
i 
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Aquariam, 1 am fally convinced that in places where a 


considerable number of punkahs are situated near together 
a great saving can be effec by the introduction of ma- 
chinery, and in addition to this the work will be more 
effectively and regularly performed 

As a practical example, in the year 1874 the cost of 
palling 700 punkahs at Calcutta, as obtained from the 
official returns, amounted to 14401. for one hot season. 
From an estimate for machinery to pull an equal number 
of punkahs, including all the necessary expenses for coal, 
depreciation of capital, attendance, &c., it appears that 
the annual expenditure will amount to less than 1230/., 
—s* saving of about 15 per cent. 

Bat there is another case and one in which pethahe are 
much used, viz., in detached houses and offices, where 
from six to twelve punkahs are employed. In this case 
the cost of the attendance upon the steam engine for com- 
pressing the air would be so great in proportion to the 
number of punkahs required, that the introduction of ma- 
chinery of this kind would be out of the question. But 
even under these circumstances I do not think that a 
system of this kind is at all a hopeless problem, when we 
consider that gas engines are now being introduced so ex- 
tensively and with such success. 

In places where gas is laid on these engines could be 
used to compress the air, and Sone the agency of pneu- 
matic machines similar to those already descri the 
punkahs can be pulled in the separate rooms throughout 
the house. With regard to the expense of this re of 
punkah pulling, I think tees that this will not be objected to, 
as the gas engines which are now made are guaran 
by their makers not to exceed 1d. oe hour — ite horse power 
im the gas they consume (the price ing taken at 
4s. per 1000 cubic feet). 

In localities where coal gee cannot be procured Boe 
leum engines can be used for compressing eae air. These 
engines are both economical and convenient, and owing to 
the low price of petroleum have recently been mueh im- 
ees, T am glad-to say that ~ 3 Indian oes 

ive to the importance of improving 
conditions of the barracks and hospitals, and they are 
now ae the above their careful attention.* 

m we recollect number of our countrymen who 
return from India more or less” a by the excessive 
heat, it behoves us as to design machinery to 
alleviate as far — ir sufferings. At the present 


oe decided eiekienten a eter trial of this 

ve 

—— pankat: pulling in the | the barracks of Fort William, 
cu 








time India is making very rapid strides, and the develop- 
ment of her vast resources is every day being brought to 
our notice in the form of productions of iron and coal. Last 
year the average price of coal in Calcutta amounted to less 
than 11. per ton, a price which is lower than in many parts 
of England. 

Gas and water cast-iron pipes are also made by English 
manufacturers who have settled in the hills, and who are 
nag Co developing the iron and coal mines, and erecting 
blast furnaces. When we bear in mind these facts on the 
one hand, and the rapid rise in the price of coolie labour on 
the other, which is making itself felt in all parts of India, 
it becomes tolerably evident that the Government might 
effect saving even at the present time by the introduction 
of machinery. 

From the official reports issued by the Indian Govern- 
ment this year, I find that for merely supplying the bar- 
racks and hospitals with coolies for pulling the punkahs 
the cost amounted last hot season to 47,0001. 


STEEL IN France.—The total production of steel in 
France in 1878 was 289,200 tons. This total exhibits an 
augmentation of 36,C00 tons, when compared with the cor- 
ding figures for 1877. 


respon 








Srzet In Betarum.—It is a noteworthy fact that the 
John Cockerill Company, Seraing, Belgium, has its whole 
available production of iron and steel engaged in advance 


until August next. 





ADELAIDE AND MitcHam Tramway. —The company 
formed for the purpose of laying a tramway line between 
Adelaide and Mitcham have so far Saket their operations 
as to be able to make an actual commencement of ae. 
This — at present terminates at the depdt, situated i ——] 
proximity to the main road to the ol but ~ is ———- 
to ex Ni it to the head of the Mitehass Gull also to 
establish branch lines to some local stone sunesiés. It is 
the intention of the directors to complete the passenger 
a ee delay, as A = that the ae = 
n ce vantage e opportunities w 
wil be afforded for'an eaay means of access to tho il 

of Adelaide the oppressive summer 
The line is cons in the same wa = ordinary 
railway lines, 40 Ib. _— — coed . 
ine i rail adopted 


eas te propose i - — 
stituting steam for horse power, “= 3 vehich t 
would not be so well adapted. 
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THE NEW SUPPLEMENTARY WATER 
WORKS OF VIENNA. 


Ir is well known to our readers that the capital of 
Austria is supplied with a fresh and wholesome 
water derived from two springs—the Kaiserquelle 
and the Stixensteinquelle—and conducted to Vienna 
by a long aqueduct constructed about six years ago.* 

Since that time some disappointment has been ex- 
perienced by the population of Vienna, for the 
supply of water has proved insufficient. According 
to Mr. Schurz, the municipal engineer, the actual 
supply is below the expected quantity by 5 to 7 
millions of gallons daily during the best peri 
(from April to October), and by 7} to eight 
millions during the winter months. It 
been proposed, therefore, to connect other 
springs with the existing water works, but plans 
having been worked out it was found that the cost 
of taking in the waters of the Altaquelle and some 
smaller springs above the Kaiserquelle would amount 
to something like 370,000/. for structural works 
alone,} and that these works could not be completed 
in less than two or three years. Moreover it was 
doubtful whether the proposed springs would prove 
sufficient, and, besides, the a would have 
been obliged to purchase new and rather expensive 





property. 


out by rp ey and submitted to the autho- 
rities of Vienna. According to these plans--which 
were a and of which we publish a sketch in 
Fig. 1—the supplementary water works will be 
carried out in the following manner. 

On the ground acquired by the promoters, four 
wells A, to A, will be sunk, each of them having a 
diameter of 19 ft. 8 in. and a depth of about 33 ft. 
These wells will be built in cement on a wrought- 
iron foundation ring, the masonry being enclosed in 
a wrought-iron casing. The mouth of each well 
will be closed by a vault and covered by an iron lid. 
From these wells the water will be drawn by pumps 
placed in an engine-house erected in a central posi- 
tion, as shown in Fig. 1. The cast-iron mains con- 
—— Sed be cep wy the — to the pumps will 

ve a diameter of 23§ in, and an aggregate length 
of about 1380 ft. ‘ ” . 

In the engine-house two engines and four pumps 
will be erected, but vy | one engine with two pumps 
will be used regularly, the other serving as a reserve. 
As we shall publish drawings of the engines and 
pumps at an early occasion, we give at present only 
a short description of them. The engines will be 


horizontal, constructed on Woolf’s principle, each 
piston acting on one pump, and they will have an 
aggregate force of about 50 to 60 horse power. The 
diameter of the double-acting pumps will be 214 in. 





a stone pier, to which the water mains are carried 
up to the level of the aqueduct. Before entering 
the main channel the water is collected in a chamber, 
from which it will fall into the aqueduct over a 
barrage 9 ft. 9 in. wide. 

The valley traversed by the water mains does not 
present any considerable difference in level. From 
the engine-house to the Schwarza bridge a total fall 
of about 16 ft. occurs (in a length of almost 
2000 ft.) ; from the Schwarza bridge to the Southern 
Railway the tubes are practically level ; at this place, 
however, a sudden elevation takes place, as described 
above. The total actual height to which the water 
has to be raised by the pumps is about 26 ft., while 
the quantity is 3,750,000 gallons to be raised daily 
by one engine. 

The total expenses will amount to 65,000/., and 
the works are to be ready on the 15th of December 
of the present year, the contractors having to pay a 
gars | of 500/. for each week of delay, the sum to 

paid under this title not to exceed 10,000/. In the 
above cost of the works all expenses are included, 
and the contractors have to themselves purchase the 
necessary land, which will become the property 
of the municipality of Vienna after the completion 
of the works, The chief contractors are Messrs, 
J. and A. Airdand Marc, and Mr. Ch. von Schwarz ; 
the engines, pumps, and boilers will be supplied by 





Considering these difficulties another plan was 
advanced by Messrs, J. and A. Aird and Mare, to- 
gether with Mr, Charles von Schwarz, and this plan 
has been finally accepted by the municipality of 
Vienna. In the present article we propose to 
describe these plans more fully. 

It has been calculated that an additional quantity 
of about 3,750,000 gallons daily would be sufficient 
to satisfy the present demand. Now, the promoters 
of the plan referred to found out some grounds near 
Pottschach in the vicinity of the aqueduct,{ where 
an abundant supply of fresh and pure water could 
be obtained by sinking wells, Accordingly an area 
of about 18 or 19 acres was purchased, situated on 
the borders of the River Schwarza, amidst forests 
and meadows, at some distance from inhabited places, 
On this ground an experimental well D, Fig. 1, was 
sunk about 7} ft. in diameter and 31 ft. deep, from 
which water was pumped by a 9 in. centrifugal pump 
driven from a 10 horse power portable engine. By 
incessant pumping it was proved that a quantity of 
62,500 gallons could be raised per hour without 
diminishing the yield of the well. The ground was 
found to be granite gravel, and the water was re- 
markably pure and very cold, showing a tempera- 
ture of 40 to 43 deg. Fahr. only, whereas the 
temperatures of the Kaiser, Stixenstein, and Alta- 
quelle are 43, 46}, and 50 deg. respectively. After 
these satisfactory trials,§ a detailed plan was worked 





* In 1873 the reservoirs were filled for the first time. 

Fall descriptions of these important works will be found in 
in this journal, vol. xv., p. (with a map) and vol. xxii., 
Pp. 200, 292, and 334. Other articles relating to this 
~— are contained in vol. x., p. 396, in vol. xvi., 
The cost of the original aqueduct was about 2,000,0007. 
tthe village of Pottschach will be found on the map 
pu 387) at the left 


ublished by us five za ago (vol. xv., 
0 of the Stixenstein 


side, somewhat before the junction 
branch. 


Re It is evident that the wells are in connexion with the 
ver snwerme, and thus an abundant supply seems to be 




















with a stroke of 29} in. Two boilers will be placed 
in the boiler house, one for each engine. 

The height of the chimney will be about 100 ft. 
A separate well B will supply the feed water and 
the injection water for the condensers. ‘The waste 
water from the engines, together with other fluid 
refuse’ from the engine-room as well as from the 
dwelling house, will be conducted into the River 
Schwarza by separate drainage tubes cc. From the 
pumps double water mains dd of 23§ in. in dia- 
meter will conduct the water to the aqueduct. 
The whole distance from the engine-house to 
the point where the water enters the aqueduct, 
is about 4264 ft., or 0.8 mile, measured along 
the line of the mains. On this line the River 
Schwarza has to be crossed, and as the existing 
wooden bridge on the road from Gloggnitz to Potts- 
chach is in bad repair and of an insufficient con- 
struction, a new iron bridge will be erected, which 
will carry the water mains and simultaneously serve 
as a road bridge. The total span of this bridge will 
be 130 ft., and its breadth 13 ft. The piers are to 
be constructed by means of caissons. On the bridge 
wrought-iron mains will be used to insure sufficient 
elasticity. Just before reaching the aqueduct the 
mains have to cross the Southern Railway of Austria,* 
and aservice canal ; simultaneously they have to rise 
to a height of about 26 ft. e arrangement 
adopted at this place is shown in Fig. 2. An iron 
bridge or aqueduct of about 197 ft. total span will 
be constructed, resting on the south (left) side on 





* The Southern Railway of Austria from Vienna 





over the Semmering through Styria to 





Messrs. Breitfeld, Danek, and Co., of Prague, 
Bohemia. The working expenses of these supple- 
mentary water works are estimated at 150/. monthly 
during actual service, and 25/. during periods of 
rest. Care has been taken to leave room fora third 
engine with pumps and boiler, in order to double the 
water supply if necessary. 








CIVIL ENGINEERING AT THE PARIS 
EXHIBITION.—No. VII. 
Tue TouLon Gravina Docks—(continued). 

Havine already (see page 503 of our last volume) 
published a description and drawings of these 
unique works, we may proceed to consider the 
manner in which the engineers, MM. Hersent and 
Langlois, investigated the conditions ruling their 
construction, and here we cannot do better than re- 
produce the calculations which accompanied the 
exhibit of the models at Paris. 

The strains upon the ironwork and the masonry 
at different depths of immersion were first investi- 
gated by M. C. Zichoklfe, engineer of Zurich, and 
M. de Mazas, hydraulic engineer, and these gentle- 
men, working independently, arrived at the same 
result, namely, that with an immersion of 14 metres, 
the strain on the iron would amount to 7 kilos. per 
square millimetre (say 4 tons per — inch), and 
that the masonry would be strained to an insignifi- 
cant extent, 

When the dimensions of the basin are considered 
it will be evident that it would have been impossible, 
with economy, to have made the iron caisson of 
sufficient strength by itself to resist the great strains 
to which it would be subjected. This being so it was 
necessary to make use of the resistance offered by 
all the materials employed, and to calculate for a 
compound structure of iron and masonry, one as- 
sisting the other. The girders of 41 m, (134 ft. 6 in.) 
in length being spaced 8 m, (26 ft. 2 in.) apart, and 
the caisson being alike on both sides, it was only 
necessary to consider a half section of the structure 
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8 m. (26 ft. 2in.) wide and 134ft. long. The three 





conditions examined are those corresponding to . — 
immersions of 16m.,9m., and 5m, The strength | Rectangle.) Length. | Depth. Area. D. Moments. Calculation of Moments of Inertia. 
of the half section of the caisson was calculated at te samen ai'shin <b: 
the centre and at 7m. from the end. The moments 1 0.350 0.028 9.800 4.214 | 41,297,200 550 X 0. 640,266 
were afterwards taken for each of these sections 2 {8.50 ” — 174,026, 400,800 
with reference to the neutral axis of the caisson and 2 0.208 0.015 3.120 4.1925 | 13,080,600 3.120 7? 4.192.5% ” 54,833,875'200 
the masonry, considered as a homogeneous piece. 4 0.038 ,,. 0.0852 ” 13944,729 
From the total moment thus determined is deducted 3 0.085 0.088 3.230 41425 | 13,380,275 a ye co ~ 55,421,099,050 
a@ moment corresponding to a maximum stress on 4 0.300 0.008 2.400 3.950 9,480,000 L008 ,, 0.300° ,, 18,000,000 
the iron of 7 kilos, per square millimetre. The re- oa ” Sere , 148,000,000 
mainder was applied to the prism of masonry, and the 5 0.300 0.007 2.100 2.056 4,317,600 So tee » 2.0562” *" 8,876,985 30) 
maximum stress per square centimetre was deduced ” 0.016 ‘ 0.070.” 0.0 oo 
a - 6 0.070 1 120 { ” 168 3? vs 23,060 
from it. The calculation was made for two sections 1.898 4,251,520 i of a 4,034,592,480 
A and B, ene in the centre and the other 7 m. from by 0.016 ,, 0.070% 4, vs 23,060 
the end. ’ 6 0.070 0.016 1.120 Hes 2 sa 3 ee pe 
_Mode of Calculating Section A.—This section was 7 0.086 0.027 2.322 1863 4,325,886 2.322 et 1.8632” % 8 059'135°618 
divided into rectangular elements, as shown in the 1.355 0.007 9.485 1142 10,836,612 0.007 ,, 1.3553 4, py 145,122,394 
annexed diagram. ‘The area of each element was 8 — : : wi we 5am > 1.142? 12,375,410,804 
calculated, and also its moment, in reference to the 0.465 0.021 9.765 021 ,, 0.465° ,, 175,963,093 
lower line ad, By means of these elements it was , _— ’ a. 9 bap A 18,826 
easy to obtain the total area of the section, its centre 10 0.245 0.015 3.675 1e-e05 ” 0.9992 ”" B 826,656 
of gravity, and the moment of inertia in reference 0.015.” 0.2453 18,826,656 
toa. The following Table gives the calculation. 10 0.245 0.015 8.675 {3.675 », 0.2322” B . 
Henn 950 nah 11 0.075 | 0.085 | 6375 | 0.29255] 7,152,863] {3993 » DOTS » HH, 2,088,281 
os 0.085 ,, 0.075* Pe 2,988,281 
ll 0.075 0.085 6.375 Le.ars ‘ 0.2828 ~ rel : : 
Y J = 5,938 
12 0.045 0.010 0.450 - 10.450 7 0.2322 ” D ? 
3 
12 0.045 0.010 0.450 10.450 Ye 0.238" as *, 75,938 
13 3.916 0.006 | 46.998 1.903 | 89,437,194 1 48-998", 1-908" “ 170,168 980;138 
Trae | ... 197,550,749, At2 BY2 C+2D 16,628,404,150 
Distance from the centre of gravity to a b=1.757 m. Moment of inertia referred to linea b  546,308,221,965 
Deduct 112,460? x 1.757? een pen on eee ose me eco rn «. 946,774,458,560 
Moment of inertia of Section A referred to the centre of gravity oe eco 199,533,763,405 






7™ 900 . 
woos GROGD  ccccces 
2™ 050 
.-... 7" 998 
iotuee COORD 
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tone 0968 com: 





a ee! ee ee) 
Section B.—All the rectangles: of this section 
except No, 4 correspond with those shown in the 
diagram. 
Rectangle 4 is increased 100x8 ... 800 
Total area of A ove ee «112,460 sq. m. 
Total of section B ... ove «- 0113,260 ,, 
Moments.—Only the moments of the rectangles 1, 
2 3, 4 vary, as follows, referring them as before to 
ine ab: 


Rectangle 1 oo» 9.8005.414 = 53,057,200 
99 2 eee 3.120 x 5.3925= 16,824,600 
9 3 3.230 x 5.3425= 17,256,275 
99 4 eee 3.200 x 5.100 = 16,320,000 
” —sB to 18 nance 120,321,674 








Sum of moments te 223,779,749 
The distance from the centre of gravity of the 
section to the base a ) is then given in the formula 
233,279,749 s ane 
ea 1.976 mm. 
113,260 
The moments of inertia and the products of the 
rectangles 1, 2, 3, 4 only vary, referring them 
always to the base line a 4. 
Rectangle 1 ... 350 x 28° x y= 640,266 


9 

9800 x 54142 = 287,251,689'800 

ee 2 ... 208x15° x= 58,500 
3120 x 5392.5%=: 90,718,243, 200 

» 3 we 88X85" Xam 1,944,729 
3230 x 5342.52= 92,183,021,050 

~ 4 8 x 400° x A= 5,350,000 
3200x5100 = 52,224,000,000 

» 5to 13... eee = 224,560,203, 420 








-746,9 15,141,965 

Deduct ... aon 1° 438, 664,287,500 

Moment of inertia of section a 
b referred to centre of 

gravity 308,280, 854,465 


algebraic sum of the moments is, 


TABLE SHOWING AREAS, CENTRE OF GRAVITY, AND Moments of IneRTIA OF SECTION A. 






































the dock is immersed to a depth of 16m. the sides will 
have a total immersion of 16+1.90=17.90. There 
will then remain .20 m. between them and the 
bottom, which is 18.10 m. below the surface. 

The following are the elements of calculation ; 
Thrust of water against the sides of the caisson 
for a length of 8 m. 

H=16 m.x16 m.x8 m.X 1000 kilos. x 4=1,024,000 kilos. 
Weight of the masonry lining and of the ballast 
uniformly distributed over one-half of the girder 
for a length of 8 m.: 

P'=41 <6 x 2000 kilos. x 8 x $=1,968,000 kilos. 
Weight of one side wall of dock entrance, 

P=(1.25 m.X1.25 m.x 10m.) 4x2 x2000 kilos. x8 


=600,000 kilos. 

Weight of one-half of the section of the caisson : 

p”’=41 m.x8 m.X 350 kilos. x =57,400 kilos. 

The total load on one-half the section of 8 m, will 

then be 

P!+ P+P"=—2,625,400 kilos. 

Upward pressure tending to balance this load : 
41x16m. x8m. X1000k. x $=2,624,000 kilos. 

The difference of 1400 kilos. arises from the de- 

cimals having been neglected in the foregoing cal- 

culation, but the difference is so small that it may 

be neglected. 

The forces to be considered in the equation of 

moments are H, P, P, and we have: 

Mitt = +1,024,000 x 2.883 = + 2,952,192 kilos. 

M_p — — 600,000 x18.350 = — 11,010,000 ,, 

Mp = + 600,000 x 10.250 = + 6,150,000 ,, 

The moment of H is referred to the neutral axis 

of the block of masonry, and approximates to that 

of a heterogeneous prism. For the section A the 


M = —11,010,000 x 9.102,192 = —1,907,808 
The method of calculation may now be applied. 
The moment of inertia for the section A has been 
shown to be I=1995 referred to its centre of 
gravity. ‘The moment of inertia of the same section 
referred to the neutral axis of the masonry is given 
by the formula 
I, = I+Q dz 
whence 
I,= .1995+-.11246 m. x 2599°= .9558 

n==1.90+2.455 m.=4.356 

whence 
ce 9558 __ 9197 


n 
Deduct from the total moment found above, 


M=1,907,808 
a partial moment M, such that under its effect the 
metal is not strained beyond 7 kilos, per square 
millimetre, 
M,=7,000,000 x .2197=1,537,000 





Calculations for Resistance-—When the floor of 





be applied to the masonry, the corresponding value 
of R will be given by the formula. 
RB = 369,908 
In this formula 
sa = 8m. x 4.90? 


=11,560 kilos. per square metre. 


6 
To this value it is necessary to add, in order to 
arrive at the total work, the effect of lateral thrust 
tending to compress the structure : 


R,=H = 26,120 kilos. 
a 


whence we arrive at, 
kilos. per sq. centimetre. 
Compression= — 11,560—26,120 or 3.77 
Tension = + 11,560—26,120 or 1.46 
Whence it results that in the condition under in- 
vestigation, no tension will exist and that the lower 
part of the structure will be in compression, 
Section B.—For this section we have: 
kilos. 
M + ¥7=1,024,000 x 2.833= +2,952,192 
M_p— 600,000 x 4.850= —2,920,192 
M.P— 204,876 x 3.500= + 717,066 


sM= — 749.066 
This moment being much less than the correspond- 
ing moment for the-section A, there is no occasion 
to follow the calculation, seeing that the masonry 
has the same section throughout, and that the sec- 
tion B of _the girder is greater than the section A, 


the value I is therefore greater. 





n 
Immersion 9 metres. — When the immersion is 
9 metres, the webs will have a depth of 9+190= 
10.90 metres. ‘There will then remain between 
them and the bottom a space of 7.20 metres. 
The following is a summary of the calculations 
under these conditions, preserving the same values 
and the same letters : 
H =9x9x8x 1000 kilos. x 3=324,000. 
P!—41 x 3652000 ,, X8x4=—1,197,200 
P =(1-25 x 125 x5.35)$ 5.35 x $ 2000 x 8=221,490 
P’=41 x 8x 3.30 x 4 = 54,120 
whence 
P’+P+P”=1,472,710 kilos. 
The upward pressure of the water will be 
41 x 9x8 x 1000 x $=1,476,000 
M , 7=324,000x 1.175=+ 380,700 
M_p =221,490 x 19.10= — 4,227,459 
M, P 221,490 x 10.25= + 2,270,272 





=M *. oa =—1,576,477. 
Using the same notation, we have, 
I,=I x 2 d?=0,1995 x 0.11246 x 1.974?=0.6377, 
but 





The difference M — M,=369,908, which should 


n==1.900 x 1831=—3.731, 
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so that 
2 —_6877 91719. 
nm 8.731 — 
Deducting from = M, a partial moment M,, of such 
value that under its influence the strain of the 
metal will not be greater than 7 kilos, per square 
millimetre we shall have, 
M'=7,000,000 x 0.1712—1.198,400, 

=M-—M,=378,077, 

which refers to the masonry. 
The ne value of R will then be given 
by the formula - 
__378.077_ P 
Rag 21,287 kilos., 

because 

T_8.365° _ 17.76, 

n 
To this value of R muat be added the effect of the 
lateral thrust 

RB, =H 324,000 11 096, 


2D 8x3.650 


Which will give, 
kilos. per square centimetre. 
Compression= — 11.096— 21.287=3.24 
Tension = — 11.096 + 21.287=1.02 
The maximum strain on the flange will be 


7 kilos. x saga 88. 


The forces to be considered for the equation of mo- 


ments for Section B, are H, P, p. 
1=324.000 x 1.175=+ 380,700 


M, H 
M_ =821.490 x 5.600=—1,240,344 
Mi» = 75.628 x3.500=+ 262,698 





M = — 594,946 . 
This moment being much less than the previous 
one, there is no occasion to pursue the investigation, 
the masonry being of uniform section. ji 
Immersion of 5 metres.—The same notation and 
the same order are followed in the calculation for 
an immersion of 5 metres, 
H= 5x 5x8 ~x1000 kilos. x4—100,000 
P!=41 x 2.05 x 2000 x 8 » “X$=627, 
P=(1.25 x 1.25 x 2.95)4 x 2.95 x $ x 2000 x 8= 93,810 
P” =41 x8 x 820x $ 480 
P’+P+P”=818,619 kilos. 
Upward pressure of water 
41 x 5x 5 x 1000 x $=820,000 
M_, 77=100,000« 0.641=+ 64,100 
M_p = 93,810 x 19.50 =—1,829,295 
Mp = 93,810x10.25 =+ 961,523 


=M = — 803,672 
I,=I+ 2d? =0.1995 + — 5 ae 
n=1900 + 1.031=2931 ~ = S981 121. 
Deducting a moment M, corresponding to a stress 
on the iron of 7 kilos. per square millimetre, we have 
M= 7,000,000 x 0.0121 =847,000, 
whence its results that the total amount 803,672, 
will throw a less stress than this on the structure, 
The thrust H must be also taken into consideration, 
it equals 
R _ 100,000_ ; we 
R née 6.097 kilos. per square millimetre, 
In Section B. 
M, H= 100,000 x0.641=+ 64,100 
M_ p= 93,810 x 6.000=—562,860 


M,p= 93,810 x 3.500= + 121,112 








=M= —877,608 
These calculations are open to criticism, because, 
& priori, a stress of 7 kilos. per square milimetre was 
assumed for the caisson, and it is evident that in 
cases where the actual stress was greater or less, 
the difference of moments would increase or di- 
minish, and even transpose the + and — signs in 
the masonry. To be independent of this difficulty, 
the engineers investigated the strains upon the iron- 
work without the masonry, with the view of insur- 
ing compressive strains only on the latter, and to 
limit the stress on the former to 7 kilos. To arrive 
at these conclusions, the following elements were 
considered : 


1. The pressure of the water on th 


bottom of the caisson ... - Py 
2. The pressure of the water on the sides 

of the caisson ... ae fee ioe P; 
3. The weight of the caisson ob P, 
4. The weight of the masonry in the 

bottom of the caisson ... os bss Pp f 
5. The weight of the side wall of the dock 

entrance ... ove aot eve ae Pp 
6. The maximum weight of ballast Pi 





Three of these elements Py, P,, P., are perma- 





nent; the other three, on the contrary, are variable 
at will, and depend only on the mode of construc- 
tion adopted, and the method of conducting the 
works. ferring to the diagram itis evident that if 
the rectangle ] is thrown in compression, the whole 
of the masonry above the bottom will be in com- 
pression, since the neutral axis of this rectangle is 
below the bottom. Relating to the stress on the 
iron, it will be sufficient that the value of R for the 
web mage yet p) is less than 7 kilos, The equa- 
tion for the resistances under these conditions will 
be, as regards the section A, the only ones requiring 
consideration. 


RI ai 
— =Mpi +Mapst*Mypr-(Me pce mipst™ po) 
=resistance of the rectangle 1 to compression. 
R'I ob 
—r=Mgpct™ ps +M, b (MpitMygy p+ My 1): 
R'=resistance of web to tension. 


In applying the results previously obtained we 


have: 
I=0.199,533,763,405 
n'=1.757 m. n=4,228 m.—1.757=2.471 m. 





whence = aie 
-199,533 
= = U =0.0808 
n 2.471 
J —0-190,583 9.11396. 
nr 


This calculation may be simplified by observing that 
we have direct : 

R =” =2-471_1 4, 

R! onl 1.757 
It will be seen, moreover, that it is easy to calculate 
the weight of the ballast ; it is sufficient to take: 


RI 
My p= = +(%4 ytM, +My M,;) 
=8,500,000 x 0.0808= 5 M, 
whence the weight of the ballast is; 
p lap x 986.800— M._ 686.800 x M 
20.50 10.25 
(To be continued.) 











ON SIMPLE FORMS OF MICROPHONE 
RECEIVERS. 
By W. J. Mizar, C.E. 

TuE following are notes of experiments made by 
the author upon various forms of microphone re- 
ceivers. When studying the action of a galvano- 
meter needle under the action of a current of 
electricity, it occurred to the author that if the 
needle were replaced by a bar magnet not free to 
move, sounds might be produced. This seemed 
more likely from the author’s experiments upon 
‘Transmission of Sound by Wires,”* where the 
strains induced in the wires by the aérial vibrations 
were reproduced to the ear again at varying distances 
from the origin, A small bar magnet, 3 in. long, 
having a number of turns of covered copper wire 
passed along it lengthwise, was connected with a 
battery consisting of a single Leclanche cell, weakly 
charged ; it was then found that, upon breaking con- 
tact, scraping sounds were heard in the magnet. 
On placing a pasteboard box, or better still, a small 
tin plate upon the flat side of the magnet, these 
sounds were much intensified, (see Fig. 1.) A horse- 


p-t. Fig. 2. 























_ 


shoe magnet, Fig. 2, 6 in. long, was then tried in a 
similar manner, and it was found that the sounds 
were much stronger. Afterwards a bar magnet, 
44 in. long, having about 10 yards of No, 30 wire 

assed lengthwise along it and placed in a small tin 

ox, the magnet being kept in position by a lid of 
tin fastened down above it, was tried and found to 
make an excellent receiver, With all these arrange- 
ments, when a microphone, of the ordinary vertical 
type, was placed in the circuit, various sound phe- 
nomena could be reproduced, such as speaking, 
whispering, singing, musical sounds, &c. On placing 
the small 3 in, magnet with its covering of wire in 
a shallow wooden box, it was found that the sounds 
were as well heard when the ear was placed against 


¥ Communicated to Physical Society, 1878. 











the wood as against the tin plate fixed down on the 
magnet. Whenany of these receivers were placed 
on the edge of a tin box, the sounds due to break- 
ing contact were much intensified, 

n the above receiver a permanent magnet was 
used, but some very curious results were obtained 
without the aid of the permanent magnet. A piece of 
tin, 2in, diameter, was taken, and about half-a-dozen 
yards of covered copper wire passed round it first in 
one direction, and then at right angles, (see Fig. 3); a 
couple of plates of tin were placed one on each side 
of this first plate, and the whole placed in a box. 
With this arrangement, musical sounds, breathing, 
&c., were transmitted; the word sounds were low 
and indistinct. About half-a-dozen yards of the same 
wire were wrapped round the middle part of a ferro- 
type plate, see Fig. 4; tuning-fork sounds, and the 
ticking of a watch, were transmitted when the 

late was tightly pressed to the ear. An additional 
oose ferrotype plate placed on the former did not, 
in this case, improve the results, 

The scraping sounds due to breaking contact are 
readily obtained by simple combination of wire and 
iron. Thus a turn or two of wire round a tin plate, ° 
a rod of iron, or along a few iron nails rolled up in 
paper, is quite sufficient for the emission of sounds 
when Drege against a tin plate and the whole 
pressed to the ears. When the ferrotype plate and 
wire mentioned above were placed on the flat side of 
the horse-shoe magnet, the wire lying parallel to 
the limbs of the magnet, an excellent receiver was 
obtained (Fig. 5,) the ticking of a watch being well 
and clearly defined, 

Some experiments were made with this latter 
form, and it was found that when the wire was 
passed round other substances than tin or ferrotype, 
such as wood, pasteboard, or zinc, and placed on 
horse-shoe magnet as above (see Fig. 5,) that the 
sounds were still obtained, A single turn of wire, 
about 6 in., round a piece of pasteboard, was found 
sufficient for the emission of sounds, when placed on 
the horse-shoe magnet. 

It was also observed that when the wooden plate 
was placed so that the wrapping of wire formed 
varying angles with the longer axis of the magnet, 
various tones were produced ; these also varied as the 
plate was moved towards the centre of the magnet. 

In all cases the strongest sounds were obtained 
when the plates were nearer the poles than when at 
or near the middle ; the tone becomes deeper when 
near the middle. Square pieces of tin plate usually 
emitted stronger sounds than rounded pieces. 

The tin-plates were allowed to lie as close to the 
magnets as the magnetic attraction allowed of, no 
attempt being made to keep them from touching 
the surface of the magnet. 

When the connecting wires were fastened to the 
ends of a bar magnet so as to make the latter part 
of the circuit, the sounds due to breaking contact 
were heard when a piece of tin was laid on the side 
of the magnet. 

From his experiments the author concludes that 
the sounds originate in the magnet, and that the 
iron plate being closely connected with the magnet 
reinforces these sounds. This it may do either as 

















simply an extension of the vibrating surface, or as an 
extension of the magnetised body ; any change in the 
magnetic field due to the passage of the current will 
be spread over a larger area. When a large tin- 
plate, such as the lid of a box, was placed on the 
magnet, the vibrations could be felt by hand as a. 
tremor through the metal, So far as the author 
has observed, clearness of articulation has depended 
on the condition of the microphone carbon tranr- 
mitter and the volume of sound affecting it, rather 
than upon any nicety of arrangement of the receiver, 
With the arrangements tried, speaking about one foot 
back from microphone gave best results. Violin 
music was always beautifully and readily trans- 
mitted, singing and breathing were also tted 
without ditticulty, 
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matically to its compensating truck T'; then the three 
ascending vehicles will thus balance the two descending 
the steep part of the incline, and equilibrium will be per- 
fectly maintained. When the train V' reaches St. Just, 
its wagon T' will be at Fourvitres, and the next descent 
will be effected as already described. The weight of the 








Fia. 2. 
compensating truck has to be carefully adjusted; the 
calculation for it is as follows. Let the weight of each 
of the two wagons forming the train be 8000 kilos., the 


effect of gravity will be as follows : 
Kilos. 
16,000 x .183=2928 


For the steeper slope 
16,000 x .0614= 982 


For the flatter slope 





Difference om eco 1946 
The amount to be overcome by the truck will, therefore, 
ose 
be 1946 kilos., and the weight required for it a 


10,636 kilos., or about 10.5 tons. As will be seen from 
foregoing notice, the traffic to Fourvitres may be served 
by the two carriages of the train and the compensating 
truck. We may add a few words with reference to the 
automatic apparatus for engaging and disengaging ap- 
paratus, Fig. 2. One end of the small cable is fixed to 
the truck, and the other to an anchor which passes over 
a bar held in position by a counterweight P. When the 
ascending train reaches Fourviérers, and as it passes on to 
the flatter gradient, a bar in the underframing of the 
first carriage V, catches the upper hook of the anchor, and 
drags the cable and its truck to the end of the journey. 
On returning to Fourvitres, the fixed bar again receives 
it, releasing the truck from the train. The trafile is 
conducted with a mean speed of 10 miles per hour, and 
7000 persons per day can be carried on the incline. The 
main cable is of steel wire 1.65in. in diameter, and is 
rolled around a drum 19 ft. Sin. in diameter. This drum 
is driven by a pair of 200 horse power engines, and is 
controlled by powerful brakes. Since the date of opening, 
the railway has worked with remarkable success, and is 
a very favourite mode of transport with the inhabitants 
of the neighbourhood, 








BRIDGE OVER THE RIVER DERWENT 
AT DERBY. 

Tue Great Northern Railway yengeny not long since 
completed their new railway across the Derbyshire coal- 
fields. The line leaves Nottingham in a north-westerly 
direction, crosses the Erewash Valley line of the Midland 
Railway, near Ilkeston, and then trends to the south-west 
to the town of Derby, The new railway traverses the 
town nearly from north to south, and besides numerous 
bridges for the street crossings, it includes two important 
structures, one carrying the line over the River Derwent, 
and a handsome cast-iron arched bridge over Friargate. 
The first of these two bridges—that over the Derwent— 
we illustrate on the two-page engraving of our present 
issue. Fig. 1 is a general ivetion of the structure, Fig. 2 
a plan, Fig. 3 a cross section, and Fig. 4 a section through 
the handrail. Figs. 5, 6, and 7 show details of the plat- 
form girders, Fig. 8 is a longitudinal section of half the 
arch, whilst Figs. 9 to 17 show details of the mainrib. It 
will be seen that the structure is an arched skew bridge. 
The arch projects at the crown over the platform, and 
abuts on cast-iron plates at the springings. Thus the 
platform ia partly suspended from the arch and partly 
rests on it, Tho bridge has a clear span of 132 ft. and 
a width of 28 ft. 6 in. between centres of ribs. It carries 
two lines of railway, and has an overhanging footway 
on one side, 7 ft. 7 in. in width between the centre of 
the main rib and the handrailing. Each rib is com- 
posed of four members of an fH built-up section, be- 
tween each pair of which the verticals and diagonals 
forming the bracing of the arch are placed, both the latter 
being also of H section. Every alternate vertical member 
is continued to the cross girders, widening towards them 
and forming with them a broad [J-frame, as seen in Fig. 3. 
The rigidity of these U-frames prevents the arch from 
collapsing laterally under a compressive strain. The 
cross girders are 2 ft. 2 in. deep, and are placed 13 ft. 
apart, and carry longitudinal rail bearers 1 {t. 8 in. deep, 
one under each rail, Over the iron rail bearers are laid 
4-in. packing pieces, to which 4 in. cross planking is 
nailed, Upon planking are 12 in. by 6 in. longitudinal 


the longitudinal iron bearers. There are three lines of 
iron handrailings, one on either side of the railway, and 
the third on the outside of the footway, all of plain lattice 
pattern. The bridge has been calculated for a moving load 
of 1} tons per foot lineal of line equally distributed, and also 
for concentrated loads, as in accordance with the heaviest 
engines on the line. The strain on the iron does not 
exceed 4 tons per square inch in any part of the structure. 
The strains in the arch due to variations of temperature 
have been duly provided for. 

The general street bridges to which we have referred 
were made by Messrs. Handyside and Co. (whose works 
are situated in the neighbourhood of the bridge we have 
just described) for the contractors of the railway. For 
the Derwent Bridge and that over Friargate, how- 
ever, this firm contracted directly with the Great 
Northern Railway Company. The river bed at the site 
is not well adapted for pier supports, and either screw 
piles or cylinders would besides have interfered with the 
navigation. The railway approaches have been strongly 
constructed as abutments, and the design affords a strong 
and substantial-looking bridge at a moderate weight. 
The bridge was put together and tried at Messrs. Handy- 
side’s works, and was erected in position by them over 
the river. The work was completed in the early part of 
last year and was tested by three locomotives of 72 tons 
each on each line, in all six locomotives, with a total load 
of 432 tons. There are 155 tons of wrought iron and 
11 tons of cast iron in the structure. Mr. Samuel Abbott, 
Memb. Inst. C.E., the resident engineer for the Great 
Northern Railway Company’s Derbyshire lines, had the 
general control of the works under the direction of Mr. 
Richard Johnson, engineer-in-chief to the Great Northern 
Railway Company. 








THE MANCHESTER STEAM USERS’ 
ASSOCIATION. 
To THE EprITor oF ENGINEERING. 

Srr,—I have read the report in a recent issue of the 
meeting of the Manchester Steam Users’ Association, pre- 
sided over by Mr. Hugh Mason. This gentleman would 
not, I believe, wilfully misrepresent matters, but in his eager 
advocacy of the Association of which he is president, he 
has been led to make statements not only inaccurate but 
misleading. 

Mr. Mason states that “‘ during the past fourteen years 
the Committee had issued upwards of 30,000 boiler 
guarantees, and not one explosion has occurred in regard to 
those 30,000 guarantees.’’ This statement is inaccurate. 
Two explosions at least have occurred to ‘‘ guaranteed”’ 
boilers since February, 1877, causing personal injury, but, 
by a fortunate accident for the Association, no fatal results. 

Mr. Mason insinuates that boiler insurance companies 
have an interest in encouraging carelessness, and thus pro- 
moting explosions. I am connected with a company having 
under its charge over double the number of boilers the 
Association has, a company the results of whose operations 
since its establishment I am prepared to prove far surpass 
those of the Association since it was founded. The opera- 
tions of the Association are mostly confined to first-class 
mills and similar works. They have not had much colliery 
and iron works business, where the boilers work night and 
day, and are exposed to much greater risks than mill boilers. 
Insurance companies push everywhere, and have an average 
of about ten times as many boilers as the Association, and 
have been and are doing an immense amount of good in 
places where the A iation never reaches, and amongst a 
class of boilers, too, of a construction it has declined to 
** gaarantee.”’ 

The statement that 30,000 guarantees have been issued 
is altogether misleading. A fresh guarantee is required for 
every boiler each year, so that fourteen guarantees may 
have been issued on the same boiler. Numbers grow 
rapidly when thus quoted, but are not very reliable 
statistics. 

I may state that one of the greatest difficulties boiler in- 
surance companies have to contend with is the apathy of 
owners with respect to preparing their boilers for satisfac- 
tory thorough inspection. The Association has com - 
tively few changes, and consequently has so schooled the 
assured firms that they can depend on their co-operation. 
This is proved by the following figures. In 1859, the 
Association had about 1600 boilers under inspection. In 
December, 1878, they had only 3363, whilst one insurance 
company formed in 1864 has upwards of 7000 boilers under 
their charge. 
The Association has done and is now doing very good 
work, but it appears quite incapable of ge that 
done by similar institutions, whose spirited and energetic 
action has extended the principle of independent inspection 
in a manner never dreamt of by the Association. 

Yours respectfully, 
March 31, 1879. 





An ENGINEER. 





SCREW PROPULSION. 

To THE Epiror oF ENGINEERING. 
Str,—In your article of 28th ult. you show it is de- 
sirable to make some advance upon the old-fashioned 
trials with fall and half boiler power and recommend 
‘* progressive trials,” by which sooner or later you expect 
the apparent inaccuracy in the method of obtaining the 
old ‘‘ constants” will be rectified. It has always seemed to 
me that these progressive trials are like! : 
because a screw suitable to roves a vessel at her maximum 
Speed canny ea ‘or a lower speed ; this varying 





timber sleepers carrying the rails, and bolted through to 


efficiency of the . 
indicating the relative resistance of the vessel at different 





speeds, and when combined with the varying resistan 
vessels of different form at different speeds it is indeed e 
complicated puzzle to unravel. 

The trials of the Iris ap to have given an impulse to 
the subject of efficiency of screw propellers, and one can 
only regret that with this vessel, as such remarkable 
results were obtained by the alterations made to the 
propellers, the experiments were not continued with smaller 
screws with ter pitch until it was demonstrated 
that the pro tried were too small and too coarse 
ey as conclusively as it has been demonstrated 
hat the original smpaliee were too large and too fine 
pitched. As the pods were so very unsuitable 
the probability is that the present ones are not the most 
suitable, for screw propeller designing up to the present is 
very little better than a great deal of copying and a little 
guesswork; if instead o merely taking further particulars 
upon the present system of trials all steamships for the 
first few vo were looked upon as merely upon their 
trials, so far as the screw was concerned, and have it 
either altered or a new screw fitted when the vessel is in 
dry dock—this need not detain the vessel—some data of a 
useful kind would be obtained and the most suitable pro- 
—— to each vessel ; as : ——_ most new steam- 
ships the speed expected is calcu y using a constant 
that has been obtained by a vessel of similar form, the 
speed is usually attained or nearly attained, and all is con- 
sidered satisfactory ; in this manner imperfect work is com- 
pared with imperfect work and no effort made to improve. 
I think it is a fair inference that as the first propellers 
fitted to the Iris were so very unsuitable for her, many, 
omy the majority of the mercantile steamships which 

ve only had one propeller, are in the same position. 

Yours obediently, 
Blackwall, March 29, 1879. %, 








THE HISTORY OF THE SCREW 
PROPELLER. 
To THE Epiror oF ENGINEERING. 

Srr,—Recent numbers of your journal have contained 
several articles and letters upon the history of the screw 
propeller applied to ships, and I think that the following 
details on the same subject will be found of interest to 
your readers : 

The application of the screw was clearly proposed ina 
little volume in my possession, published in 1768, and having 
for its title “‘ Théorie de la vie d’Archiméde de laquelle on 
déduit celle des moulins con¢gus d’une nouvelle maniére ; 
on y joint la construction d’un nouveau lock ou sillométre, 
et celle d’une sorte de Rames trés commodes, &c.”’ Par 
M. Pauston,* Paris. T. H. Butard, Impr. Libr.” On 
page 209 of this treatise, the author, after having enume- 
rated the various defects of ordinary oars with reciprocat- 
ing movement, writes as follows: ‘‘ In addition to the fact 
that the oarsman is always doing unequal work in pro- 
pelling his vessel, because the ends of ‘the oars describe in 
their movement ares of a circle, this same oarsman is also 
obliged to employ at least one-half his time and his force in 
lifting his oar from the water, and carrying it forward. To 
obviate this inconvenience, there should be substituted for 
the pee gy Agee an apparatus, the action of which should, 
if possible, be uniform and continuous ; now this problem, 
I believe, I have perfectly established with the Pterophore.t 
Two of these may be employed, placed horizontally and 
parallel to the axis of the vessel, one on each side, or only 
one may be employed at the forward end of the vessel. 
The Pterophore may be entirely submerged, or only im- 
mersed to the level of its axis. The dimensions of the 
Pterophore will depend on those of the vessel, and the curves 
of the instrument will vary with the speed it is desired 
should be obtained.’’ Passing then to the question of aérial 
navigation, the author says: “ Finally, if a new Dedalus 
should desire to venture upon a voyage in the ether, the 
Pterophore is perhaps the only vehicle he can employ,” &c 

Thus, although the author in question does not appear to 
have actually experimented with his propeller, it seems to 
me that, none the less, credit is due to him for having 
clearly indicated the advantages to be derived from it, an 
to have foreseen the two systems actually in use of single 
and twin screws. ae 

In leaving to you to decide if this communication is of 
sufficient interest to find space in your journal, 

Iam, Sir, your obedient servant, 
M. BoumaAns. 

1020, Rue de la Monnaie, Maestricht, Holland. 





Tue MerroroLoaicaL SocreTy.—At the Institution 
of Civil Engineers, 25, Great George-street, Westminster, 
on Wednesday, the 16th instant, at 7 p.m-, the discussion 
on the Rev. W. Clement Ley’s paper ‘‘ On the Inclination 
of the Axes of Cyclones,” will be resumed, and the follow- 
ing papers read: ‘On the results of Comparisons of 
Goldschmid’s Aneroids,” by G. M. Whipple, B.Sc., 
F.R.A.S. “Observations on the Temperature of the 
Atlantic during the Month of March,” by P. F. Reinscb. 





* I have been able to discover the following facts about 
the author: Alexis Jean Pierre Pausten, mathematician, 
Associate of the Institution, born in 1736 ina village of the 
Marne, and died in Paris, 1798, was the author of the 
following works: ‘“‘ —_~ ou Traité des Mesures, 
Poids et Monnaies, des Peuples Anciennes et Modernes, 
1780,” ‘‘ Théorie des Lois de la Nature, ou la Science des 
Causes and des Effets, 1781, en 8vo.” Also of several 
works left by him in manuscript. 

+ The author describes the Pterophore as _follows 
(page 184 of the book already referred to) : The “‘ Ptero- 
phore is an instrument composed of the eanvelations 
of a ‘Sciadique’ around a cylinder” (page 191). a 
* Sciadique’ is a surface composed of the elements of 
screw.’ 
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MINE VENTILATORS. 
To THE EpIToR OF ENGINEERING. 

Srr,—After reading ‘‘ Manager’s’’ letter in your journal 
of the 21st ult., I, in common no doubt with many others, 
thought that the account of his adventures with the three 
fan makers might be true, but indulged in the hope that 
it would turn out to be an ay prem of the actual facts. 
It appears, however, from the correspondence you pub- 
lished on the 14th and 21st inst., that the devil is as black 
as he is painted. It is only generous to suppose that fan 
makers themselves always believe what they are saying, 
and that the gross misstatements which are coutalousiee 
traced to them are simply the result of ignorance; but 
surely, in these enlightened days such ignorance is dis- 


graceful. 

Is it so difficult after all to get at the truth in these 
matters, or, is the present state of things due to pure in- 
difference on the part of every one concerned ? 

I think it is W peo A evident that ‘‘One of Three” 
had made himself acquainted with almost all that was 
known about fans before he wrote to say that havi 
never seen fans working ‘‘ under exactly the same condi- 
tions’ he was ‘‘ unable to compare them fairly.’”? Here 
we have the subject in a nutshell as it were, and yet hardly 
+ your correspondents seem to take any real interest 
in it. 

Only one sensible suggestion has been made, that of 
trying each fan with reduced area of intake, and with 
intakes entirely blocked up, and I should be glad to hear if 
‘* M.”’ has thought how this could be easily carried out. 
If such trials are made I would beg to suggest that the 
air be measured at the outlet (wherepracticable) as well as 
in the mine, and that the temperatures of the air in both 
downcast and upcast be very carefully noted, for the 
greater the difference the less the fan is really doing. 

Yours obediently, 
March 25, 1879. MINING ENGINEER, 





To THE EDITOR OF ENGINEERING. 

Srr,—If not intruding, I hope you will let me say a word 
or two on “ Natural Circulation,’ see ENGINEERING, 
February 28th. 

There can be no doubt whatever that a furnace would in 
many cases be out-and-out the best thing to use, but I 
know no one who is sufficiently well up in this subject to 
tell me how far, in point of economy, the furnace is 
Wer to the fan. Can any of your readers make this 
clear 

Our best engines indicate but 8 per cent. of the power or 
heat of the coal used as fuel in the boilers (92 per cent. being 
wasted), and, if fans are only giving, say, 40 per cent. of 
this again, we have in the fan a little over 3 per cent. (!) to 
set against the useful effect—whatever that may be—to be 
got out of the same amount of coal when burnt in a venti- 
lating furnace. 


March 22, 1879. 


Yours, 
Freres Arr. 





To THE EDITOR OF ENGINEERING. 

Srx,—Having read the letters in your issue of the 14th 
and 21st inst., and secing my name mentioned, I heg per- 
mission to reply to a few of the remarks on the above 
subject, and more especially to a letter signed ‘‘ Useful 
Effect.”” In this letter the experiments made by Mr. John 
Gerrard and myself are alluded to, but the writer appears 
to be totally ignorant of the conditions under which those 
experiments were made. I would first say, the experiments 
were made solely for a scientific purpose, and not as any 
advertising affair; in‘ fact, I believe no one except Mr. 
Gerrard, connected with the experiments had seen either 
the fan or the colliery before the day the experiments were 
made. If the writer ‘‘ Useful Effect’’ had seen the paper 
on this fan, read before the Chesterfield and Derbyshire 
Mining Institute, he would not have asked, or suggested 
such dubious questions. 

The boilers underground were not working, the fires out, 
and the pits were not working on the day of experimenting. 
The air was measured by a Biram’s 4-in. anemometer wit 
new vanes lately introduced by Messrs. Davis and Son. 
The anemometer was tested, and friction table made out 
the day before being used. Also a small Casartelli 
anemometer was used, and this corrected by a friction 
table. The size of the person’s body using the anemometer 
was deducted from the area of roadway. 

At 35 revolutions the air was measured in the fan drift, 
about 16 yards from the fan ; but although the measure- 
ment was taken at six different places in the area of the 
drift, the velocity was found to be so great and varied that 
it was decided to take all the measurements within a few 
yards of the upcast in each seam. The pits were not 
working the day the experiments were made, therefore 
everything was favourable for getting a correct measure- 
ment of the quantity of air. The above remarks will also 
apply to Mr. Chatto’s letter. 

t would be very difficult to obtain a correct measure- 
ment of the air in the fan drift, with such high and varying 
velocities, hence the abandonment of the same for the 
more correct way of measuring the pit returns in the 
mine. 

“* Useful Effect’s”” remarks about the inspectors at the 


top of the upcast shaft are equally as reliable as his other broad 


suggestive inaccuracies. One of the inspectors was in 
the pit superintending the measurement of the return air 
the whole of the time, and the other inspector was indicat- 


~—— engine. 

. a letter scarcely needs comment, but one 
question suffice, viz., what becomes of the water 
gauge due to the resistance in the shaft and due to the 
whole volume of air passing wp? 

Mr. Chatto’s opinion probably will be a little modified 
when he finds the fan drift 
as stated above, 


measurements were discarded 





In thee iments given by Mr. Ackroyd, and made b 
Mr. Gemaal abd myself, the horse power of engines is the 
indicated horse power taken by Richards’ indicator. The 
quantity of air was not “ measured at top of upcast shaft,”’ 
but in the various return air-ways of the mine entering the 
upcast shaft. 

The position of water gauge can be -best stated by 

uoting from the paper read before the before-mentioned 
titute : ‘In measuring the water gauge of any fan 
much depends upon the place where it is taken. Some 


experimentalists go so far as to take it directly over the fan | to 


shaft, and as near as possible to the inlet to the fan, and 
this, doubtless, indicates a greater amount of vacuum than 
would be observed in the fan drift (see Transactions, vol. i., 

51). The author would particularly call attention to 
i whe nection the me are hen Seeoption it = 
in position there can s ly bean on, it being 
some feet behind the fan in the fan aift, and ‘where no 
baffling would affect it.’’ 

With regard to the useful effect of various fans, this is 
materially increased or decreased by a little manipulation 
of the water gauge. 

There can be various water gauges read for the same 
velocity ; I would suggest to your correspondents to always 
take the water gauge at least 20 yards back from the blades, 
or centre of the fan shaft, and in the fan drift with the mouth 
of the instrument at right angles to the current of air. 

If ‘‘ Useful Effect’’ or the other correspondents on this 
subject wish for further information on this fan ( 
fan) they will find it in the Transactions of the Chester- 
field Institute of Engineers, from which the makers, under 
protest from myself, copied the experiments given in their 
advertising circular. 

I do not wish to be drawn into a long correspondence 
upon this subject, but I do hope “Useful Effect’’ and 
others will take the trouble to ascertain the true condi- 
tions under which experiments were made before writing 
létters calculated to throw mistrust upon the experi- 
mentalists. 

Yours faithfully, 
ARTHUR H. SToOKEs. 

March 31, 1879. 7 








COAL-SHIPPING MACHINERY. 
To THE EpDIToR oF ENGINEERING. 

Si1r,—I see in your issue of the 4th inst. a short notice 
of my improved apparatus for shipping coal, corn, minerals, 
and other products. If you wili refer to the pa: ph in 
question, you will see that the designs are attributed to 
Mr. Graham, C.E. May I so far trespass upon your kind- 
ness as to ask you to make the necessary correction in 


your next issue? 
Faithfully yours, 
C. GranAM SMITH. 
6, Westminster Chambers, 8S.W., April 7, 1879. 








INSTITUTION OF NAVAL ARCHITECTS. 
SEgsion 1879. 

Opening Address* of the President, Lonp Hampron. 

GENTLEMEN, in commencing our proceedings of this 
year with a few opening words, as I have been in the habit 
generally of doing, it gives me the greatest pleasure and 
satisfaction to advert to what you have just heard as the 
contents of the report of the Council, use you will 
have learnt from that report, that the Institution, 
which is now holding its session, stands in circumstances 
of the most satisfactory character, or in the im- 
portant and essential item of finance. I think I may say, 
and for reasons to which I will presently again advert, I 
am peculiarly happy to be able to say it, that I do not think 
during the nbn this Institution has existed we have ever 
met under circumstances of greater prosperity, and alto- 
gether of a, more satisfactory nature. One item in that 
satisfaction, I think, gentlemen, you must all have felt 
from the last act we did, which was unanimously to elect a 
remarkably eligible and desirable list of additional members 
of this Institution ; most of them, I believe I might say 
without exaggeration all of them, men who are likely to 
contribute most accurately and most usefully to the great 
objects for which we are founded. 

Gentlemen, I will now advert, if you please, to that 
which of course is most interesting to us all at the present 
moment, namely, the nature of the business which in the 
course of the next three days we shall proceed to transact, 
and when I say that, I mean, of course, the papers which 
will be brought before us. There are about the usual 
number of papers. There is a fair and sufficient number 
for each of our sittings, and they relate, as they Pyremed 
do on these occasions, to almost every branch of this in- 
teresting subject of naval architecture. But they also 
relate, and perhaps in a larger proportion than usual, to 
those subjects which I think are now eculiarly interesting 
and exciting to the public mind, perhaps never more so, 
namely, the questions relating to naval armament as well 
as to naval architecture. These two great subjects of naval 
armament and naval architecture are so inseparably 
united, that I think I correctly represent the feelings of 
this Institution when I say that we have always felt that 
it is impossible, even if it were desirable, which I confess 1 
do not think it is, for us to draw anything like a line of 
distinction between them. We shall this morning 
commence the proceedings of this session with some papers 
of some remarkable resp the question of naval 
armament, and those rs Wi ive additional interest 
from the eminence and the known competence of the pens 
from which they proceed. Gentlemen, the first paper 
which will be read to you is a paper on ‘‘ Armoured Ships 
of War,” by Admiral Sir Spencer Robinson. I need not 
do more than mention the name of my gallant and - 
guished friend Sir Spencer Robinson to convince you that 

* Delivered on the 3rd inst. 








the great subject of armoured ships of war could not 
sibly be treated by a gentleman more competent to illus- 
trate in the most interesting manner the views which he 
may entertain. The next subject is a paper on ‘‘ Armour 
for Ships.” That will be read by Mr. Barnaby, the Di- 
rector of Naval Construction ; and these two subjects of 
armoured ships of war and armour for ships are so closely 
connected that it has been suggested to me, and I hope 
ou will all concur in that en that it might be well 
or the two papers to be , and then for the discussion 
take place on the two papers together; and therefore 
subject to your approbation I shall propose to take that 
course. Gentlemen, the paper is one which 
is not only of very great, but at this particular mo- 
ment, is one of very ‘ul interest. It is one by 
our well-known friend, Mr. Merrifield, on the subject 
of naval guns. lamentable event on board the 
Thunderer of course yon will all feel invests this subject with 
peculiar interest at the nt moment, and we shall all, I 
am sure, be desirous to hear the views which Mr. Merri- 
field’s paper will express, and we shall be anxious to hear 
the discussion upon the views which he will so submit to 
our consideration. It would be premature, indeed I think 
it would be more than premature, it would be presumptious, 
prstivess. on my part as a civilian if I were now, before 
earing that paper, to express an opinion of my own ; but 
the fact of my having been at various times more or less 
connected with these branches of the service of the country 


Leeds | of course make me feel, with the rest of the public indeed, 


but perhaps peculiarly interested in this subject, and of 
however little value my opinion may be, I cannot refrain 
from saying that the tendency, I will not say more than 
that, of what has taken place with regard to the unfortu- 
nate accident on board the Thunderer, has been more and 
more to incline my mind to the opinion that we shall ulti- 
mately find that breechloading is the best system for the 
armament of the Navy. These interesting questions are 
not limited, gentlemen, to the three ipo to which I have 
referred. On our last morning I find the first paper will be 
one on the most ay arg ironclad, by Admiral Selwyn ; and 
here again we shall find a subject of the greatest national 
interest treated by a gentleman as competent as any gentle- 
man can be, I think, to lay before us sound views upon the 
subject to which his paper will relate. 

Gentlemen, I will not detain you ana by making any 
further remarks upon -the papers to be brought before us. 
I will only say that on this occasion, as on all previous 
occasions, I —_ I shall be supported, as your President in 
the chair, by the meeting in adhering to those rules which 
we have always acted upon on these occasions, namely, 
that from a sense of fairness to those who are to follow, 
the length of the papers shall be limited to twenty minutes, 
and the length of the speeches in the discussions to ten 
minutes each, with the limit that the whole discussion is 
not to exceed an hour. I think that has been our rale 
hitherto. Of course, if the general sense of the meeting 
should dictate any deviation from this course the general 
sense of the meeting will, no doubt, be indicated, and, of 
course, it will be my duty to obey whatever may be the 
decision of the ting ; but subject to that I hope I shall 
be supported in adhering to the rules upon which we have 
hitherto acted, and which, I think, I may venture to say 
we have found very conducive to the satisfactory conduct 
of our proceedings. 

Gentlemen, I must turn for a moment to the internal 
affairs of our Institution. I have already congratulated 
you, and I think it is a subject of congratulation, that the 
new members of the Institution are so many and so eligible 
as they are. The Council notices in one of the pesone 
of the report the increasing pn gon f of the Institution, 
as illustrated by the number of members who have lately 
joined. There is another subject to which I must refer, 

use it is one relating directly to the internal arrange- 
ments of this Institution ; it is, that I think there was some 
degree of complaint some time ago from the idea that the 
mode in which our various officers have been selected has not 
been quite so open and so popular as might be desirable, and 
that has rather borne hardly upon those gentlemen con- 
versant with the objects of this Institution who reside at a 
distance from London. This question has been taken into 
consideration by the Council. About a year ago—not so 
much as a year ago indeed—a Committee was appointed to 
consider whether the organisation of this Institution 
might not be improved, and the result has been that a new 
e of rules has been drawn up, regulating in quite a new 
manner the election of our Council, and of our various 
officers from time to time. These new regulations have 
been carefully considered by the Council, and have been 
adopted by the Council, but the Council are of opinion that 
they ought to be approved—it is only due to the general 
members of the Institution that they should be approved 
by the whole body of the members, and no doubt this is 
the proper occasion for taking that course. I thiik every 
member of the Institution on entering the building to-day 
will receive a printed copy of the new regulations as pro- 
posed, and I would suggest to you that to-morrow mornin 
we should meet an hour earlier than usual, that we should 
meet in this hall at 11 o’clock instead of 12 o’clock, and 
that then these new rules might be submitted to the members 





of the Institution to be ly decided — rf them. That 
is = soa which it is proposed we should take on this 
subject. 


Gentlemen, there is another change in our internal 
arrangements, which I think it behoves me now to submit 
to your consideration. ‘This is the twentieth occasion upon 
which I have had the honour of presiding over this In- 
stitution. Twenty years have passed away since you first 
did me the honour of electing me as.the President of this 
Institution, and each year I haye had the honour of 
presiding in this chair. Well, gentlemen, twenty years is 
a long iod of’ time in human life, and one which we 
must all come to feel more or less, and I cannot help hoping 
that after that long connexion with the Institution the 
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members of it will be of opinion that the time has arrived 
when it is desirable upon many grounds that I should give up 
this chair and resign it to the hands of some younger mem- 
ber. It has been to me I assure you a service of very great 
interest, and I have held it to be one of very great honour. 
{ cannot but acknowledge with sesmectiel gratitude the 
constant and kind support which I have received from all 
members of the Institution, especially from the Council and 
those members who have taken the more active part in 
the management of our affairs, and, gentlemen, it has been 
by the able and active aid which the friends of this Institu- 
tion have ery gel iven to me and my colleagues in the 
Council, that I thin Thee seen this Institution rise from 
infancy to maturity, and in rising from infancy to maturit 





it has risen like many other institutions from small 
beginnings to its present very prosperous condition, and it 
is to me a feeling of satisfaction that if you will kindly 
allow me, as I hope you will, to retire from the chair that 
I have filled so long, that whoever will be my successor 
will find himself called upon to preside over an Institution 
of the most prosperous, the most snecessful, and I may 
without hesitation say the most useful and valuable kind. 








THE INSTITUTION OCF MECHANICAL 
ENGINEERS. 

Wes subjoin the names of the members of the Institution 
of Mechanical Engineers nominated for the three sub- 
committees to deal with the selected subjects for research. 
The composition of these committees justifies us in expect- 
ing reports of much value, and we hope that the investiga- 
tions to be carried out may be facilitated by the cordial co- 
operation of the profession generally. The names of the 
gentlemen forming the committees are as follows : 

Sub-Committee on Steel.—Mr. Wm. Anderson, Erith, 
reporter; Mr. Arthur Paget, Lanqubeteees | Professor 
Williamson, University College, Londen ; Mr. E. Chermoff, 
St. Petersb ; Professor Abel, Woolwich; Mr. Peter 
Brotherhood, London; Mr. Josiah Vavasseur, London. 

Sub-Committee on Rivetted Joints.—Professor Unwin, 
Cooper’s Hill, reporter; Professor peer, University 
College, London; Mr. R. V. J. Knight, Messrs. John 
Penn and Sons, Greenwich ; Mr. William Parker, Lloyd’s 
chief engineering surveyor; Mr. R. H. Tweddell, West- 
minster ; Mr. William Boyd, Newcastle-on-Tyne ; Mr. W. 
8. Hall, Nuneaton. 

Sub-Committee on Friction at High Velocities.—Pro- 
fessor Kennedy, University Co , reporter; Mr. Edward 
A. Cowper, Westminster Mr. John Ramsbottom, Man- 
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chester ; Lord Rayleigh, F.R.S.; Captain Douglas Galton, 
C.B., D.C.L., F.R.S8.; Professor Fleeming Jenkin, Edin- 
burgh ; Dr. John Hopkinson, F.R.S., London. 








NOTES FROM THE SOUTH-WEST. 

The Avonmouth Docks.—On Saturday afternoon a large 
party of gentlemen interested in the success of this under- 
taking paid a visit of inspection to the docks. The trip 
was arranged principally in order that Sir Henry Tyler, 
the chairman of the Grand Trunk Railway Company of 
Canada, and Sir Charles Young, the vice-chairman, might 
have an opportunity of seeing the extent and capacity of 
the docks. Sir Henry has recently joined the Avonmouth 
Board of Directors, and it is intended to direct especi 
attention to the development of the Canadian trade. A 
line of steamers will ty: on almost immediately by 
Messrs. M. Whitwell and Co., and will trade 
between Montreal and the docks. The first will start 
about the middle of this month. In the development of 
this trade Sir Henry Tyler will take great interest. The 
party started from the Clifton station of the Port and Pier 
Railway, a saloon carriage being placed at their disposal, 
at two o'clock. It rained all the afternoon, and the con- 
sequence was that the inspection of the docks had to be 
undertaken under rather dispiriting circumstances. How- 
ever, Sir Henry Tyler and Sir Charles Young, under the 
guidance of Mr. Dixon, were shown the principal features 
of the works. There were three large steamers di - 
ing on Saturday, the Valhalla, the Somerset, and the 
Georgia. The case of the former steamer shows unmis- 
takably the value of the docks to owners. The Valhalla 
is 900 tons burthen, and arrived in King-road on Saturday 
morning, being bound to Bristol. The captain could not 


ibly, however, get up the river until the evening, and 
e wanted his ship to at Cardiff on Saturday night. 
He arranged with the consignee to di the ‘0 at 


Avonmouth, thus enabling him to leave for Cardiff the 
same night. The Georgia was bound for Gloucester, but 
also arranged to put in at Avonmouth, saving at least a 
day thereby. The Earl of Lonsdale, a large ship from 
Baltimore, was being hourly ex: . The party i 

the commodious warehouses which have been built by the 
side of the docks. A railway, both wide and narrow 
gauge, runs in front of them, so that goods may be easily 
nae gy er the shi ai from +... warehouses to the 
racks. ¢ things principally{stored seem to be grain of 
all kinds, American tinned meat,‘and timber. The visitors 
also viewed the cattle, sheep, and pigs, and saw a large 





abattoir in course of erection, in which American cattle 
will be slaughtered immediately on landi Sir Henry 
Tyler and Sir Charles Young were also shown the hy- 
draulic machinery for working the lock gates and the other 
appliances at the docks. Sir Henry expressed himself 
pleased with all he saw, and the party returned to Bristol 
in the course of the afternoon. 


West of England Compressed Peat Company (Limited). 
—This company have declared their third quarterly divi- 
dend at the rate of 8 per cent. per annum. 

Avonside oe Company (Limited).—The fifteenth 
ordinary general meeting of the s holders of this com- 
pany was held on Thursday at the offices, Mr. J. L. 
Stothert, the chairman of the company, presiding. The 
chairman, in moving the adoption of the report and ac- 
counts, explained that a loss of 71601. on the past year’s 
working was occasioned simply through want of orders. 
Only 38,0001. worth of work been done in the year, 
whereas they could execute three times that amount. Mr. 
Beavan, one of the directors, spoke hopefully of the future, 
and said that the inquiries for locomotives within the last 
few days had been much more numerous than in the 
previous year. All the company wanted was more work. 
The report was adopted. Mr. C. J. Thomas was re-elected 
a director, and it was resolved to request Mr. Joseph 
Tinns to allow himself to be placed on the directorate in 
the room of Mr. Bird, resigned. 

Death of Mr J. Perry.—The death is announced of Mr. 
J. Perry, of Bristol, as chairman of the Taff Vale Railway 
Company and the Bristol and South Wales Wagon Com- 
pany; he showed great tact, urbanity of manner, and 
common sense, 

The Monmouthshire Colliers.—At most of the eollieries 
in the Rhymney Valley and Pengam districts notices to 
terminate contracts at the end of April were posted on 
Monday. The step is supposed to portend a 10 per cent. 
reduction. 

Bristol Tramways.—An extension of these tramways 
from Bristol Bridge to Totterdown will be 7 next 
week and will be opened for traffic. It is intended to have 
a five minutes’ service at first with one-horse cars. Should 
it be found that the traffic is sufficiently large for a three 
minutes’ service, it will be provided. 





Iron SLEEPERS IN BELGIUM.—The Monceau Company 
has obtained a contract to supply 60,000 iron sleepers to 
the Belgian State Railways at 5/. 10s. per ton. 
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ON ARMOUR-PLATING SHIPS OF WAR.* 


By Admiral Sir R. Spencer Rosrnson, K.C.B., F.B.S. 
(Vice-President.) 

Tx scope and object of the paper I have undertaken to 
read is am which I know you will consider of the greatest 
importance. It has no less an aim than that of suggesting 
for your consideration a method of using such armour- 
plating, as we require, on the sides and other parts of our 
ships of war, more effectively than at present. The time 
that can be given to the reading and discussion of an 

per in this is, as you all know, extremely brief, an 

and others are therefore compelled to dwell only on such 
parts of the subject as are absolutely necessary for the en- 
forcement of our views. We must leave as sketches and 
suggestions much that is required to build up a compact 
and solid argument. 

In calling the attention of naval architects and engineers 
to a mode of giving to the sides of armour-plated ships a 
more effective defence against projectiles, I beg leave to 
state that Iam by no means forgetful of the convictions 
firmly held by no inconsiderable or unenlightened members 
of these professions, namely, that all side armour-plating is 
a mistake ; and that, at all events, an unsinkable ship ma: 
more surely be constructed by a thoroughly well-devi 
cellular system, in conjenction with'an armoured water- 
tight & 4 than by the cumbrous application of heavy 
armour to the sides of ships. ‘ 

Now, though I willingly admit that there is something of 
great weight in such an opinion, I do not myself doubt, 
that considering all the circumstances of naval warfare, i 
the side armour can be made to resist the entrance of the 
projectiles hurled against it, the ship so provided—so en- 
cumbered, if you will—must come victorious out of many 
struggles in which the cellular system would succumb. 

e all know that at a certain s of the duel between 
guns and armour, the latter had the best of it ; and we are 
all equally aware that at- present this solution n 
almost, if not entirely, reversed. I will not deny that it 
has been entirely reversed, if we simply consider the 
potential effect of a we gree hurled from the largest gun 
that can be constructed, against the thickest side armour 
which it has been hitherto possible to apply to a ory aur 4 
ship ; but I think that I am well within the limits of trut 
when I say that from various causes the maximum potential 
effect of the projectile will much less often be obtained in 
practice than is generally supposed. 

Since we began the use of armour-plating the destructive 
powers of artillery have increased in a ratio almost fabulous. 
The initial velocities of projectiles, their weight, their size, 
their energy on impact, their form, their substance, have 
all added to the difficulty of the defence, have unceasingly 
called upon the naval architect for larger and larger 
protective weights, and so have compelled him to use 
many contrivances for limiting to the utmost the area 
of the protection he is able to give. The other require- 
ments of modern ships have not assisted him in so sparing 
weights in other directions as at all to reduce the balance, 
+ lessen the necessity for enormous displacements in his 

esigns. 

I have been enabled by the kindness of the officers of the 
Controllers’ Department, who have supplied me with all 
information I asked for, to draw up the following Table, 
which will show at a glance the continued in pro- 
portion of the total displacement absorbed by the protec- 
tive weights which the naval architect is compelled to 
provide, as well as the lessening area over which the pro- 





, ba examples I a ies in the i Tas eee 
pical armour-clad 3 are, they ever w " 
ssimnieaieel tha phe LB A and great ingenuity of 


those who ay ge them ; but we cannot fail to see how 
enormous are the difficulties which have to be overcome ; 
284 lb. weight over a square foot of surface rendered those 
pe of the Warrior to which it was applied impenetrable to 
he old artillery ; 1150 Ib. on a square foot of surface is 
insafficient to produce the same result in the Inflexible if 
assailed iby monern artillery. In the Warrior, the propor- 
tion of. displacement to armour. was 6.38 to 1; in the 
Inflexible it is but 3.26to1.. In the Warrior we had a 
weight of 1354 tons to carry which contributed little or 
nothing to gee. of the ship. br the er myro 
are i ms for pro » the é 
which adds but little to the strength of the structure. It 
is, I think, only too evident that we cannot in the 
direction followed from the Warrior to the Inflexible. I 
fear there is little prospect of that redaction of weight 
which has now become indispensable being effected by any 
economy in the weight of engines, coals, armaments, or 
equipments, but there is one most- im t potential 
sora oat en Sone eet 
tthe grea’ may ls is tot 
manufacturers of steel that the naval architect must tarn 
in his distress, and unless much that was said in this Hall 
last year was altogether erroneous, to-them he will not 
look in vain, and I for one am hopeful that so | > & re- 
duction as 20 per cent. in the weight of a ship’s hull, which 
— _— mentioned as possible, may become before long a 
ity. ' 
Though the earlier experiments of uniting steel and iron 
in one plate were not successful, the report published by 
Captain Noble, R.A., of the experiments made on the pene- 
tration of projectiles showing a very decided superior 
resistance ina sound wrought-iron plate over any combi- 
nation, it does not follow. that knowledge more recently 
gained may not have made it probable that this judgment 
may be reversed, and that the ye of breaking up 
oak on impact may be found greater'than the 
disadvantage of the rapid destruction of the plate which 
are at present the almost constant results of experiments 


against steel. 
After the Spezzia experiments, I, in common with others, 
had’ been led to expect great results from the use of 


steel of various qualities in the manufacture of armour- 
plates, but the later experiments scarcely fulfil the earlier 
promises of success; and steel, or steel and iron, or iron 
and steel combined in various proportions, can scarcely as 
yet be received with confidence as substitutes for the best 
qualities of iron for armour-plates, but I admit that 
this is debatable ground; and that it is quite possible 
that not only ships will be built of steel and iron, but 
that armour-plates may be constructed in a similar manner 
with considerable saving in weight. Should this be so, 
we might have in a future Inflexible many hundreds of 
tons to add to her protective defence without any increase 
of her actual displacement. 

Until, however, this possibility has passed into the 
region of absolute fact, and indeed after that consummution 
has been reached, the method of distributing the materials 
of which protective armour is composed requires imperative 
attention. Let me, as briefly as I can, describe what is done 
in our armour-plated ships, and then what I think ought to 
be done, and why. 

The orignal idea of armour-plating, as exemplified in the 
Warrior, was simply to attach to that of the ship in- 





of | ‘prevent the- armour being cut or scored when 
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ing on a teak backing 10 in. thick, which formed a cushion 
in front of the skin of t 


the ship consisting of two thicknesses 
of iron, # in. each, Dut at intervals of about ft, vertically 


alo armo of the ship a horizontal plate of 
half-inch iron was introduced, the outer which 
strips alternately came into contact with the face of 
ie ermoun siete or anata it in. or ¢ in. short of ee 
theskin oftheship. wed 


Thus. a very material improvement in the structural 
nan of the ship where it carried armour was effected, 
as ¥ ano gxee Opeaeen to ro power of resisting pro- 
eevee e idea of i e edges of the stri 
the armour short of actual contact with it yo 
ven 
—— the strip by the im of a projectile. Asa matter 
of fact, however, cece ar tae this scoring did take 
, and in process’ of time the Bellerophon’s stracture, 
ough impenetrable when it was fired at, ceased to give 
uate protection against the ever-increasing power of 


modern projectiles. 
_ Recourse. was had to thicker plates of iron, deeper 
cushions of woods, and thicker strips of horizontal iron 
between the logs of teak. This ment, adopted in 
the construction of the Hercules where 9 in. and 8 in. solid 
tes backed with 12 in. of teak, and supplemented by 
vertically between the frames of the ships 10 in. of 
teak, adouble cushion of wood, and inner skin behind 
end of 1865. I do not beli 


impenetrable to projectiles at the 
0 that in other ships the double 
cushion and second inner skin has been adopted ; with this 


ore 00 EOS le of iron was used the 
‘distribution of armour sad badcing has only varied by the 


increased thickness for protection. It will be 


necessary 
seen by the Table that we huve gone from the square foot of 


the Warrior, weighing 2841b., to the square foot of the 
Hercules, weighing lb. Still driven forwards by the 
inexorable ar ists, we find 14-in. iron plates backed by 


15in. of teak, gradually swelling the weights of a square 
foot of surface of the ship’s sides from 645 lb. to 751 lb., 
until at last, the single iron plate of the requisite thickness 
being too difficult to manufacture, recourse was had to two 
or more thicknesses of armour with divided ing, and 
we have in the Inflexible reached 24 in. of iron, 17 in. of 
teak, and a weight per sui ial foot of 1150 Ib. 

I have carefully the various experiments made 
2c these structures, or the targets intended to represent 
them, and I have drawn up a Table B, giving the several 
peculiarities of these constructions with reference to their 
size, distribution of armour, weight, the amount of pound- 
ing they received, and the gene effect of their powers of 
resistance. have taken as t, of armour-plating 
ot on or to be adopted, the following, namely, Belle- 
rophon ; Hercules ; No. 33, a compound structure ; No. 34, 
a target representing a turret with a single thickness of 
armour-plate; No. 35, a turret with two thicknesses of 
armour-plating ; the turret of the Glatton, in place in the 
ship; No. 40. a compound target; No. 41, a compound 
target; the Italian targets fired at Spezzia, and structures 
known as the Gibraltar and Millwall shields. 

In this Table I wish particularly to call your attention to 
a column representing the total energy of the projectiles 
received by the target, and the energy divided by the 
number of surface feet in the target; this total energy 
may fairly represent, where perforation is not effected, the 
cline and tearing to pieces strain on the structure ; the 
column which gives the energy on impact of any projectile, 
per inch of the shot’s quo erence, will fairly represent its 
































tection can be made to extend : ‘tended to be protected, a plate of iron (4} in. thick) in con- 
TABLE A. 
3 fPs Moxtnam Weighs of 3 g 
~ sya quare Foot of S 
3 lgSE | Atmourana Backing. |Armour and Gacking| 9 8 
a6 So a nciuding Skin at Approximate Extent of the Protection afforded to the Ship by Armour, with reference to tho 
NAMES OF SHIPS. g 4 Lge s FE . Frames. § 8 PP Water Line and Batteries, F 
a 8 oO 
° 
a3 3 F 38] on cies 1 On Big 
Anm jesASe) Sides, pares Sides, | Turrets. | a, ™ 
tons. tons. Tb. ; 
Warrior 9,210 1354 | oe None } 284 None | 6.38  |218 ft. of water line out of 360 ft. extending 5} ft, under water, an 1 213 ft, of battery. 
Minotaur 10,690 2106 { Be be ” } 297 i 5.08 Entirely from stem to stern, and over the whole length of the battery, about 400 ft. 
Bellerophon .., 7,550 1273 { o = " } 383 B 5.93 |91 ft, of battery, whole of water line, about 300 ft., and 6 ft. below. 
Hercules 8,680 1949 { a — ” } 511 x 445  _|72 ft. of central battery, 20 ft, at the extremities, all the water line, about 320 ft. extending 6 ft. bolow. 
Alexandra .., 9,490 238 {| 13 teak ” } ots r 4.00 _|75 ft. of contral battery, 44 ft. of upper battery, all the water line, about 320 ft., and 6 ft. below. 
* _ « 87 ft. of breastwork, 1 turret, all the water line, about 240 ft, long, extending at lighting draught 
Glatton 4,910 1965 §| 15 teak etek =| f 600 700 | (2.50 {| 6 ft. below. 
Devastation ,,. 9,330 2961 { = pone 4 — } 664 726 3,15 _|158 ft-of bresstwork, 2 turrets, all the water line, abvut 280 ft. long, and 5 ft. below. 
Dreadnought 10,820 3666 f oo a } 751 726 2.95 |186 ft. of breastwork, 2 turrets, all the water line, about 320 ft. long, and 5 ft. 8 in. below. 
I 24iron |16 iron & steel 110 ft. of battery, 2 turrets, and 110 ft. of water line out of about 320 ft, are defended by side armour, 
nflexible 11,400 3553 { 17 teak 18 teak } 1150 802 3.26 { the remainder of the water line is protected by an armoured water-tight deck below the water. : 

















The figures I have given may not be absolutely correct, 
bnt they are, I believe, sufficiently so for the purpose of 
comparison. You are aware that there is some difference 
in the way the weight of the armour is calculated by various 

‘ughtsmen, and whether the iron used in certain places is 
or is not to be reckoned as defensive armour; but I have 
endeavoured as far as possible in this Table to compare 
ae ships one with the other on the basis of calculation 
. opted by the Admiralty Constructors ; hereafter I shall 

ave to use figures differing from these, the result of other 
calculations, but which will not affect the object for which 
this Table was drawn up. 


Neve he apie the twentieth session of the Institution of 








tact with two thicknesses of teak (18in.), secured by stro 
bolts to the skin of the ship, this cushion of wood an 
iron combined, resting at its lower part on a recess formed 
by the frames of the ship, anda strong iron shelf-piece. 
Notwithstanding that this system was for the time per- 
fectly successful, its defects as shown by the rapidly in- 
creasing powers of artillery led to many attempts to 
improve this arrangement, and after various ple agen nee 
more or less successful, especi those le against 
structures known as Clarke’s and Chalmer’s targets, the 
Admiralty decided on the modification adopted in the con- 
struction of the Bellerophon, which I , as long as 
the armour-plate is in one thickness, is in use up to the 


present lo 
The Bellerophon carried armour-plates 6 in, thick, rest- 





penetra ing power, varying, of course, with the form and 
arom | which the projectile is composed. The whole 
together will give a fair comparative idea of the resisting 
powers of the several structures. 


I have not thought it to'give the'distance of the 
target, the weight of pert its quality, the diameter, 
forms, and weight of each projectile used ; they are al! 


contained in the figures representing the total energy of 
the shot on impact—in fact, the vis viva, or » but 


these particulars for each target will be found tabulated in 
an appendix attached to this paper. Palliser pointed 
ogival headed projectile is, however, a much more powerfal 
weapon for forcing its way through armour-plates than 
any other, the Whitworth steel excepted ; all the targets 
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fired at since its adoption have been much more severely 
tried than the older ones, and mention is made wherever 
they have been used. ‘ 

, need only ie remark that finding the actual weights 


the Bellerophon and Hercules targets given in the official 
reports of the trials of these , as well as the calcula- 
tions on which are based, I have computed the weights 
of the other ta iven in Table B on the basis there 


laid down, and t the results are not the same as those 
furnished by the Admiralty for the structures which the 
targets represent, yet, as I have given in that Table the 
total weights for each target as it stood upon the ground, 
Sdensntah of its supports, I “think for the purposes of 


ENGINEERING. [Apriv 11, 1879, 
Projectiles of steel or chilled iron with pointed ogival 4. In which an armour-plate of one thickness is sup- 
heads are the most favourable for penetration. Such a pro- rted throughout at its by hollow rolled iron stri 


jectile has a power of penetration i y in proportion to 
the = on impact, and inversely in proportion to its 
diameter, whether this energy is made up by velocity or by 


weight. 

There is one other fact about the penetration of armour- 
plates to which I must refer, that is, that when an armour- 
plate is well able to resist much more than the vis viva of 
any projectile, the latter will penetrate far less than it 
el if its power was nearly equal to effect penetration. 
Accordingly, under such circumstances, the measurements 





patent. 


armour-| 


co 


with wood, for which 


ly in our ships. 
more incorporated into the structure of 
ship’s frames or ribs behind 
plated 


Behind these frames or hollow vertical stri 

ing plate of iron. 
frames comes the skin of the ship, in two thicknesses. In 
front of this, 


‘ tem Mr. Hi es a 
It differs materially from that adopted 
he weight of iron used is much 
of the ship. The 
k the portion intended to be 
are of this shape, the hollow being fill with 


is a thin 
In front of the ical stringers or 


the horizontal hollow stringers, of the 











same depth as the vertical stringers or frames of the ship, 









































comparison my figures will be found sufficiently correct. of indent and penetration are apt to be misleading. - 
TABLE B. 
2 i2fy APPROXIMATE. 238 4 x | Bese 
aa 32 S28 3 g |ge-ge 
i | Sees bee ABs 
a 
E: 4 §5 3 General Description of the Targets Fired at. bay < pws we he Beg o 58 a Ee: 3 - GENERAL REMARES. 
° e 2 , 

3 sebeG Fired et, per eet of Bex: = Boo Peete 

8 ga beg Superficial | Structure gee =|ou 538 S388 

& ZSems Foot. fired at. Buse gas 3 Bmea 

Ib. fodt-tons, | foot-tons 

1863 Bellerophon. |6in. armour plates, backed by 10in. of teak, frames, 393.5 176.37 17.721 100 The 6-in, plates were twice completely perforated, but 
skins, horizontal edge plates, &c. ; plates in one thick- the structure was not. No projectiles used. 
ness. 

1865 Hercules. |9in. and Sin. solid armour-plates, behind which 12in. |9in. portion,| Total area, Total of the} 8 in. 513 168.5 No sound part of the target was penetrated; the 9-in. 
of teak, two skins in. iron each, the usual frames, ’ 145.2. whole 9in. 378 and 8-in. plates were however perforated, but not the 
between which were fitted 10in of teak, behind which |8in. portion,) 8 in. 72.6 target, structure, by chilled projectiles from 13 in. M. L, R. gun. 
again 18in. of teak in two thicknesses, a covering 652, 9 in. 72.6 64.499 
plate of § in. iron, and angle irons to hold the structure 
together. 

1871 | No. 33.—Thick |8 in. solid yim, backed by Gin. of teak, and 5 in, solid 684 Not 25.689 Not 175.3 The* target was completely penetrated through and 

portion. plate backed by 6 in. teak, 1} in. skin, frames, &.; a recorded. recorded. through by the 10.92 projectile, weight 533 1b. brought 
sandwiched target. against it. 

1871 |No. 34.—Bent to/14in. solid armour-plate, behind which 15in. of oak, 736 102.5 Direct hits 518 182.9 Very much disintegrated; a match with but little 

represent a por-| horizontal edge plates, skins 1} in thick, frames, &c. ; 53.117 margin for the gun brought against it. 
tion of a turret. | total thickness, 30} in. 

1871 |No, 35.—Bent to/8 in. and 6in. solid plates, with two thicknesses of 9 in. 736 102.5 Direct hits 503 185.5 The practical protection of the inner skin the same as 

represent a tur-| and 6in, of oak, inner skio, ribs, horizontal plates, and 51.656 in No. 34; the depth of penetration was greater, how- 
ret target; a | total thickness as No. 34. ever, in most cases. 
sandwich. . 
1872 | H.M.S. Glatton, |14in. solid plate, backed as in No. 34, and apparently 736 Ona surface} _ 13.500 160.7 181,0 No through etration; the head of the shot got 
with turret in | resembling it in all respects; the usual covering plate of the tur- | Two shot, through the 14-in. plate, and backing within 2 in. of the 
place. was attached to the frames. ret about | onenota skin. No damage to turning gear, guns, or live objects 
12 ft. long, | direct hit. inside. 
by ' i 2 in. 
igh. 
1876 | No, 40,—First |Three plates of 6$in. iron, backed by two layers of 963 =9 11.408 165 290 Projectile went through, setting teak backing on fire ; 
experiment. wood Sin, thick ; skin, &c., as usual. target and gun just equal. 
No. 40,—Second|Four plates of 6$in. iron, backed by three layers of 1253 69 13,911 185 335 - Second experiment.—Did not penetrate more than 20 in. 
experiment. wool and as above. into the structure. 
1877 | No. 41.—First |Four8-in, plates, three layers of 4in. teak between, and 1520 26.380 ove 526 Did not go through’; penetration 25 in. 
experiment. | backed as above. 160 
No, 41,—Second/The same target was fired at with the 80-ton gun, 1520 29.607 ‘i 590 Did not go through; penetration 27 in. 
experiment. chambered to burn more powder, and give greater 
velocity to the projectile, 
1868 |Millwall shield,)Target in two parts, one 9in. solid plate, one Gin. solid | The 6 in. 6 in. 24.3 Total on On whole 152.3 This target was perfectly uninjured by fourteen rounds 
intended for a | plate above it, a porthole cut out of the middle of each 558. whole target, from guns below the calibre of 12in., after which the 
fort, with an em-| plate, The 6-in. plate covered for a considerable por- Total, 97 ft. target, 679. 153.93 6-in. and the 9-in. plates received two shots from 12-in. 
brasure, or port-| tion of its length by three 1-in. plates, the whole backed 66.035 6 in, gun, projectile 600lb. Where the porthole had been 
hole, by two sets of hollow 7-in. stringers, one vertical, | The 9in. 9 in. 48.6 6 in. 760. cut the projectile went through, but in the other parts 
the other horizontal, the hollows filled with teak, two 678. 6in, by 3in. 18.476 9in. in. and 9 in. resisted penetration. 
14-ia, plates for skin in front of the vertical stringers, 24.3 9 in. 740. 
or frames, and a covering plate 1} in. thick behind all. 35.960. (6in. by 3 in. 
6 in. by 3 in. 477 
11.598 

1867 |Gibralter shield,|Consisted of front plates 5}in. thick, supported by 458 98.2 27.103 aa 110.3 The 9-in. 12-ton gun was more than a match for this 
plates 5in. thick, and that again by plates 14 in. thick, - target in its weakest part, but it was capable of re- 
no wood between the plates, and total thickness 12 in These figures refer to the first and second trial only. sisting this projectile in its strongest part. Four 
of iron. trials were made against this shield, and it was re- 

paired in the intervals. 

1868 |This shield was As this target was manifestly too weak for the projectiles which could be brought against it, no lesson of importance can be 

altered and learnt from observing its details any further, 
strengthened, 
and subjected to 
further trials. 
1877 |Series of targets| These targets consisted in their main features of 22 in. 1041 These targets in all cases]resisted perforation by 10-in, and 11-in. projectiles, though, when sufficient 
tried at Spezzia | of iron in one or more thicknesses, and 19 in. of wood velocity was given to the 2000-Ib. projectile from the 100-ton gun, they were either perforated or de- 
with horizontal stringers, skin, &c. Solid steel stroyed. The solid steel plate, 22 in. thick, proved an exception to the perforation, though the plate 
plates of 22in. in thickness were tried, and solid iron itself was shattered to pieces. As a matter of fact, none of these targets had a resisting power 
plates of that thickness. Cast iron backing was also equal to No. 41, though the vis viva brought against some of them was upwards of 31,100 tcns. 
used, with sandwiches of wood and without, but it was 
ponent ae all cases that the width of the plates was 
too small, 














Before considering in detail the lessons which this Table 
appears to convey, it would be as well to sum up the broad 


blished. 


These are, that the resistance offered by solid iron plates | 
of good quality to projectiles varies very closely as the 
square of their thickness—only, when the thickness of the 
— is —_ -— —_ c — la perfectly 
nomogeneous, that solic tes have considera ter | projectile was fired against the structures. 
qudibaaee than divided plates, the total thickness of the | , 
iron being equal, if the divided 
this advantage decreases as the thickness of the plates in. | 
creases, and in great thicknesses seems to 
wood backing, by itself, affords little or no re or ad- 
ditional strength to an iron plate when struck 
shot, bat that rigid backing such as is given by good 
wrought iron is of great advantage to the fa 


y a pointed 
te. The Ad. 


miralty Constructors have availed themselves of this prin- | targets. 


ciple by the horizontal stringers or plates introduced into 
their wood backing ; and preot of its value are to be found 
in every target of which these 

There are no satisfactory or conclusive experiments on 
the resistance afforded by wood rey - but there is a No. 33 
great ‘power of resistance, beyond all do 
packed masses of wood, such as the 40 in. of 
in the Hercules, and great support is afforded by an inner 
There are, however, several records of wood 
backing being set on. fire, when used, as in the Warrior 
targets, 18 in. thick behind an 8-in. armour plate. 

t iron tried 

they have invariably failed. 


skin of iron. 


formed a part. 


abt, in closely. | several of 
used 





For the sake of convenience, I have, as far as possible, 

) y when comparing the effects produced by the various pro- 
facts which the experiments against targets have esta- | jectiles hurled inst targets, reduced the vis viva due t 
to their several Giants. weights, and velocities to those | to this particular mode of construction, and to comparison 

which a Palliser projectile of 11.92 in. diameter and a 
weight of 600 lb. would 
trative effect, and thus I shall state the effects produced in 
terms of a 600-pounder, though, in some cases, no such 


able B shows us that there are four methods of armour- 
lates are thin, but that | plating in use: 

: 1. In which the armour consists of a solid iron plate in 
disappear ; that | one thickness with more or less wood behind 
skin and ribs behind the plate, and horizontal plates of thin 
iron between the thicknesses of wood. This system is re- 
presented by the Bellerophon, Hercules, Glatton, the side 
of the Devastation, No. 34 target, and some of the Spezzia 


2. In which.the armour consists of two or more thick- 
nesses of iron plate, with wood more or less thick between 
them, and the usual skin and ribs. These structures are 

merally known as sandwich ; and they are represented b; 


8. In which t 
on an inner iron plate, or cast-iron 
diately in contact with the front plate or separated by a 
thickness of wood. The Gibraltar shield, a War ce 


also filled with wood, and outside of this the armour-plate. 
Of course, the thickness of each part of this structure 
varies with the amount of protection required. It is 


between its, resistance under fire and those obtained by 
other systems of backing and construction to which 
desire to call your attention. In addition to the great 
augmentation of strength obtained by the use of the vertical 
hollow stringers for = frames = ship, == 
= support given longitudinally eir application 
orizontally belind the backing, it ‘will, be seen how much 
more of this backing is of a rigid nature than can he given 
by logs of wood. It is only the rigid portion of any back- 
ing that gives support to the armour-plate ; and the Ad- 
miralty Constructors have most wisely and skilfully availed 
themselves of this principle, by the introduction of hori- 
zontal stringers or edge plates m the logs of wood 
forming the backing. “This principle, adaptes in the con- 
struction of the phon, Hercules, all subsequent 
ships, has been completed and carried out to its fullest ex- 
tent by Mr. Hughes. He has diminished the unsu ported 
area of the back of the armour-plate, while he left 
interstices filled with wood v and horizontally to 
cushion and absorb the a — Ve hocing rs — 
rigid and less soft than the old system, it preserves a ‘ar 
amount of elasticity and power of absorbing and diffusing 
the shock before it reaches the inner skin. ; 
The drawing No. 1 shows the system applied to a 6 in. 


have required to equal their pene- 


it, an inner 


- its thick part,*No. 35, Nos. 40 and 41, an 
e 

armour consists of an outer plate resting 
block, either imme- 





shield constructed in 1870, is an example in land, and | and 9 in. plate on a ship’s side, as it was applied in the 
as a backing and also granite: | two targets at Speazia are foreign adaptations of the prin- | Millwall considering the latter, however, when 
ciple. me the results of firing at it are related, it must be observed 








Aprit 11, 1879. 


ENGINEERING. 





hat rtion of the hollow strin behind the 6 in. 
that a po 


late were designedly not filled in wi : 
® Nos 3 and 4 are sections and plans of the Bellerophon 
target. Nos. 4 and 5 are sections and plans of the Hercules 
target. They will be used to compare the a tag to 
01 


6 in. and 9 in. plates by this system with that by the 
system of Mr. Hughes. 
On referring to Table B we find that the Bellerophon 


was 176.37 ft. in superficial area ; t it recei 

yarious projectiles, none of them of the pointed Palliser 
form. The total energy of the projectiles on every superficial 
foot of its surface was 100 foot-tons. Two projectiles passed 
through the 6-in. plates, but did not perforate the structure, 
and reducing them to the terms of an 11.92 projectile, or 
600-pounder, the most damaging effect was equal to what a 
vis viva of 2417 foot-tons would have produced from a 
600-pounder. The weight of this structure without support 
was 393.5 lb. per superficial foot; .no porthole was cut 
through it, which therefore received all the advantages 
which great size and perfect homog@neity can give to a 
target, a matter of very great importance in reckoning up 
its powers of resistance. P 

The Millwall shield, on which the 6-in. armour-plate was 
tried, being intended for a fort, was weakened by an em- 
brasure, and its supports were so much. mixed up with the 
target proper that a very accurate comparison of weight is 
difficult to make. Its surface was 98 superficial feet ; it 
was divided longitudinally into two plates, a 6-in. and a 
9-in. plate, out of equal portions of which a porthole was 
cut, but on the proper right of the target three 1-in. plates 
were fastened on to the 6-in. plate a beyond the 
aperture of the port, and occupying the whole depth of 
the 6-in. plate ; there was thus more of 9 in. of iron on the 
upper portion of the target than of 6 in., and the 6-in. plate 
thns derived such support as the connexion with the heavier 
portion of the target could give it. However, the area of 
the 6-in. plate which it is my object to compare with the 
Bellerophon’s, was only 24.3 superficial feet, and its 
weight per foot, deducting supports, was about 500 lb. It 
received from pointed Palliser projectiles a total ener; 
of 18,476 foot-tons, or 760 foot-tons. per superficial 
foot, sevenfold more than the Bellerophon; the maxi- 
mum energy of the 11.92 in. projectile was 5705 
foot-tons, with a velocity of 1171 ft. in a second, which 
according to the Tables calculated by Captain English, of 
the Royal Engineers, would represent the resistance offered 
to complete perforation by an unbacked solid plate 12.3 in. 
thick, showing the support given by the hollow stringers to 
be at least equal to an iron plate of 6.3 in. thick. 

I must pass on to the comparison of the Millwall 9-in. plate 
with the Hercules and other targets, for, however tly 
superior the Millwall 6-in. plate showed itself, the days of 
6-in. armour are long passed. 

The Hercules structure was peculiar, and was not, I be- 
lieve, adopted in any —— ship ; its thickness was 
enormous, averaging more t 4 ft. Its 9-in. plate was 
backed by similar edge plates,or horizontal stringers, only of 
greater thickness, than those used in the Bellerophon, and 
the interval between the ribs or frames of the ship was 
filled up by vertical logs of teak in addition to the hori- 
zontal wood backing and the two skins. But besides this 
there was added to this ship, and to this ship alone, a thick- 
ness behind the frames of 18 in. of teak, a covering] plate, 
and set of angle irons or inner frames to support the wood. 
This target might well be described as the strongest ever 
fired at, up to that date, and as impenetrable in a sound 
part to any projectiles which could then be brought against 
it. Confining myself to the 9-in. plate, and reducing the 
blows it received from a 12.95 projectile to the standard 
already described, that of an 11.92 projectile of 600 lb., it 
appears that the 9-in. plate was penetrated, but not the 
structure, by a velocity from that projectile of 1234 ft. in a 
second, which would be just sufficient to completely per- 
forate a 12.6 in. unbacked solid plate. I may just state 
that the 9-in. plate of the Hercules had an area of 72 ft. 6 in., 
and weighed per superficial foot of its surface 689 lb. It 
received a vis viva of 378 foot-tons per every su cial 
foot. Its resistance was considered by the officers directed 
to report on it as being so satisfactory that they advised a 
consideration of the propriety of reducing the 9-in. plate to 
an 8-in. plate for the future. 

The area of the 9-in. plate in the Millwall target was 
45.6 superficial feet, out of which half of a porthole was 
cut. It received a total energy from projectiles of 740 foot- 
tons per superficial foot, nearly double what the Hercules 
received, and the weight of this part of the structure per 
ro foot was 678 lb. The structure was not pene- 


rated. 
As neither system was tested to ithe ‘extent of complete | ta 


perforation I am not in a position to compare directly the 
resistance of the two structures, but I am obli; to have 
recourse to an indirect comparison. The 6-in. Millwall 
structure, struck by a 600 lb. projectile with a velocity of 
1171 ft. in a second, was not completely penetrated in fa 
tolerably sound part, though according to Captain English’s 
Tables this velocity was just able to completely perforate a 
12.3 in. unbacked armour-plate, and as the same stringers 
were placed behind the 9-in. plate, that must have received 
the same support as the 6-in. y Ca received. This has been 
shown to amount at least to 6.3 in. of armour-plate, and it 
follows that the resistance of the 9-in. part of the Millwall 
shield was at least equivalent to that of an unbacked plate 
15.3 in. thick ; the least velocity from a, 600-lb. projectile 
— would perforate such a plate being 1535 ft. in ‘a 


There is another very ‘strong though also indirect testi- 
mony to the fact of the 9-in. plate in the Millwall 

resisting perforation to the same extent as a 15-in. 
unbacked plate would do. In 1870, a shield designed by 
the War Office, admirably answering its purpose, and dis- 
playing very great ingenuity of design, was erected at 
Shoeburyness. It was subjected to most severe pounding. 
This target consisted of three 5-in. armour-plates,'5 in. 





apart, the space between them filled in with iron concrete ; 
behind the last was a in or case, and a most skilful sys- 
tem of supports. The whole weight of this structure 
without concrete (if measured 98 superficial feet) was about 


35} tons, with the concrete 56 tons. The first four shots | of 
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sound part of the target on which to it a 12-in. projec- 
et would as Se ty leak ob tle phomians i on tote 


table, i target before it received four blows 
from 0 Bb. profi to notice the small area 
which recei' E 


fired at it were from a 12-in. muzzle-loading rifle gun ; the | appeal with confidence to his judgment whether, as com- 
= 7% ile of 11.92 in. diameter, velocities from Fete tio inde TB. i 
ii7 ft. to 1190 ft. ina second. The projectile with these . Pete ne jhe ned of veseneny 


velocities was quite ual to perforate the target ; the 
penetration obtai by the three direct hits from this gun 
was 23.2 in., in, be it observed, quite a new uninjured 
structure. 

After the Millwall had received ;projectiles whose total 
energy was upwards of 43,000 foot-tons, it was subj 
also to four rounds from the 12-in. gun (diameter of pro- 
jectiles 11.92), with velocities varying from 1154 ft. to 
1181 ft., two of these against the 6-in. plate, and 
two against the 9-in. plate. Practically the vis viva 
against both was the same, and the penetration into this 
battered 9-in. plate was with the low velocity 154 in., and 
with the high velocity 23.2 in. Its resistance was clearly 
not unequal to the engineers’ shield, where the total thick- 
ness of iron plates was 15 in., supported elaborately and 
heavily by concrete and iron. And this comparison corro- 
borates the theory, that the -9-in. plate backed by Mr. 
Hughes’s system is capable of as much resistance asa 
15.3 in. unbacked: plate. If this be so, and if the Tables I 
have quoted can be relied on, the 9-in. Millwall plate showed 
va. superior resistance to the thick part of No. 33 target, 
and also greater powers of resistance than Nos. 34 and 35 
targets, and than the Glatton’s turret in situ. 

he first of these targets, No. 33, was a sandwich, con- 
sisting of 8 in. and 5 in. iron plates, each plate backed y 
6in. of teak, with ribs, inner skin, and edge plates, &c. It 
was completely perforated by a 600 lb. projectile with a 
velocity of 1173 ft. in a second (reduced from the 10.92 pro- 
jectile actually fired at it). By the Tables I have 
quoted the lowest velocity from such a projectile whic 
would completely perforate a 18-in. solid plate, was 1165 ft. ; 
a very few (eight) feet more went through 13 in. of iron, 
and al the backing, skin, &c. This result was not very 
favourable to the sandwich system. 

No. 34 target was faced by a 14-in. plate; it had 15in. 
of backing, skin, ribs, &c., and it was bent to a radius of 
15.74in. to represent a turret. Reducing the prspeeilies 
which struck it to the standard 600-pounder, this 
received a blow from it with a velocity of 1283ft. in a 
second, just sufficient to completely perforate an unbacked 
plate of 13.3in. It did not get through the structure ; the 
point of the shot got close, however, to the inner skin, 
which was severely cracked and bulged. 

No. 35 was a sandwich target, of 8-in. and 6-in. armour- 
plates, backed respectively CE, in. and 6in. of wood, in 
every other res: exactly like No. 34. It was struck by 
a projectile, reduced to the 600 1b. standard, with a velocity 
of 1293 ft. in a second, a velocity just sufficient to perforate 
completely an unbacked plate 13.35in. thick. It did pass 
completely through the 8-in. wey and penetrated deeply 
into the 6-in. plate, the head of the shot getting th h it 
but stopping short of the inner skin. Both these structures 
were very severely shaken and much disintegrated. The 
official reports said that these targets were able to resist 
the guns brought against them, but with little or no margin, 
and their powers of resistance were thought to be practi- 
cally equal. To perforate completely a 14-in. unbacked 
plate a velocity from the 600-pounder of 1390ft. in a 
second would required, which exceeds by 100 ft. the 
maximum force brought against either of them; but 
judging by the effects produced by a velocity of 1283 ft. in 
a second, the resistance of either of these structures to 
complete perforation could not have exceeded that offered 
bya,14-in. unbacked plate. The last example I can use as 
a comparison with the Millwall shield is the trial made 
against the Glatton’s turret in place. When fired at, I 
believe it exactly represented No. 34, being faced with the 
14-in. solid plate, backing, &c. The projectile from the 
600-pounder fired at the spot sel had a velocity of 
1275 ft. in a second ; it the 14-in. plate, its 
head was within 2in. of the inner skin, but it did not per- 
forate the structure. The turret did not offer any greater 
resistance to penetration than Nos. 34 and 35, but it was 
very much less disintegrated than either. From these facts 
we may oe = confidence that ne § 9-in. hag en 

late, backed by the 7-in. stringers, is much superior in i 
resisting wer to the 14-in. plates as ordinarily backed, 
whether shoes plates are in one or two thicknesses. 

The Tables show how much more pounding fell on 
each square foot of the Millwall than on any of the other 


8. 

the Hercules reveived 378 foot-tons of projectiles on 
every superficial foot of the target. No. 34 received 518. 
No. 35 received 503. The Glatton received two shot only 
in a limited space, while the Millwall, on the 9-in. plate, 
received 740 foot-tons on every superficial foot of its sur- 
face, and after all this pounding was in so good a state as 
to be used again to try the effect of some Swedish pro- 
jectiles from Finspong, and then was fired at by 
seven 11.92-in. projectiles to break it up, which was not 
effected without much difficulty. : 

I do not profess that the standards of comparison I have 
used can be absolutely correct ; they are given as approxi- 





with ok te through so battered a structure, 
in ye 


I should not be j P its resistance 
unbacked solid plate of 12.3in., 


—— than that of an 
which the velocity above given would just be sufficient to 
I ed that on a sound 


completely through. I am 
scot the 6-in. plate backed on Mr. Hughes’s plan would 
offer quite as much resistance-to poy ar penetration as 
an unbacked solid plate of 13in., and that the 7-in. hollow 
stringers oes Mon . rece hy A ns — ce offered by any 
armour- ind whic i i 
a solid plate 7.5in. thick. vo oe at edd 
I for' from meen this is proved. I put it for- 
ward as an opinion which there are good grounds for 
of com: 


"yer the ya paring the 

‘or purpose ing the resista ffered 
these various methods of backing I need wh 
tele a | shield et in every wr 80 inferior to the 
po modern guns, was so ill adapted fo i 
ship, that it need not be considered. I have, owsiee, 
— _ Bon gpa Fea Jt, in Table B, he 4 

e: cons! 3 e officers’ 

oulieet ould that in its stro part its pe ola “a 
— equivalent to that off by a 10-in. unbacked solid 


plate. 

_One of the important merits claimed by Mr. Hughes for 
his system is that for equal resistance it is much lighter 
than the ordinary system of defensive armour. we take 
the turret of the Devastation as equivalent to the Millwall 
9-in. plate, in its sound state, as to its powers of resistance ; 
and I purposely take the Devastation’s turret, which I 
conceive to be stronger than the Glatton’s as origi 
constructed, the latter having been strengthened since it 
was fired at ; and also because I think the resistance of the 
Glatton’s turret when fired at was not equal to the 9-in. 
Millwall plate and backing, while that of the Devastation’s 
would probably have been nearly so; then the comparison 


no favthee, 


of weights will be as follows ing the strongest part of 
each structure : , al ‘4 
** Devastation.” - Millwall, 9-In. = 
Armour-plate 14x40 = 560 | Armour-plate 9 x 40= 360 
Teak, 15 in....15x4.2= 63 | Two ?-plates 1$x40= 60 
— 14 ae .. x40 = 60 | Vertical frames, hollo 
rames, tening, co- stringers ove .- 153 
vering plates, &c. ... 53|Teak  ... ee 36 
? —— | Covering plate, 14 50 
Per superficial foot ... 726 | Bolts, &c. swe 20 
Per superficial foot ... 678 





There would thus be a gain in the Millwall system of 
48 lb. per su cial foot for equal resistance, or 2.14 tons 
in 100 superficial feet, so that if we had a surface 150 ft. 
long by 15 ft. high to plate, we should save by the adoption 
of the Millwalll system about 48 tons in weight, add very 
considerably to the structural strength, and immensely 
diminish the chance of setting fire to the wood backing 
under a powerful shell fire. 

It is of course obvious that, as the power of projectiles 
has enormously increased since the Millwall shield was 
constructed, there are improvements in its construction 
which have naturally occurred to Mr. Hughes, without any 
abandonment of its principle; I will just endeavour to 
show, by one or two examples, how the defence on this 
principle may contend with the fearfully increased power 
of the attack with better prospects than at present. We 
have, as is clearly shown in Table B, been induced to 
abandon single armour, and adopt sandwich structures. 
One of these, known as No. 40, consisted of three 64-in. 

lates, with 5in. of teak between them, making a total of 

94 in. of armour plating, and 10in. of wood with (if ap- 
plied to a ship) the usual frames, edge strips, inner skin, 
&c. This was fired at ~ fae projectile of 815 lb. in weight, 
12.5 in. in diameter, a velocity of 1421 ft. in a second, and 
a total vis viva of 11,408 foot-tons ; the projectile passed 
through all, and set fire to the teak haahing. This pro- 
jectile was stated in the official report tv be about equal to 
the resistance offered by the t, but as it got through 
it, it had clearly somewhat the r of it. According to 
a formula recently given Captain Browne, late of the 
Royal Artillery, as one which is practically used to solve 
these questions, the vis viva of this shot was just able to 
penetrate completely a 19.4l-in. unbacked plate, and 
reckoning as he does that three 64-in. plates are equal to 
about 17; in. of solid iron, the result was in accordance 
with theory. This target was strengthened by the addition 
of another sandwich of 64in. iron and 5in. of wood, and 
resisted complete penetration by the same projectile with a 
velocity of 1525 ft. in a second. Now let us see how Mr. 
Hughes might have dealt with a projectile just capable of 
penetrating completely an unbacked plate 19.41 in. thick. 
He could apply a 12-in. armour plate, two hollow stringers 
of 9in. interfilled with wood, two plates 1 in. thick for 
skin, and a covering plate of 1}in. iron. The comparative 





mations only. ’ weights would be as follows, per superficial foot : 
Before leaving this part of the subject, I ought to say } ‘ 

that I haye endeavoured most carefully to abstain from Sandwich. Millwall, 

Poa | the system of Mr. Hughes with results of too Ib. 
favourable a nature. That gentleman is persuaded from | Armour plates «+ 780] Armour plate... .. 480 
experiments he has made with falling weights that the} Wood ...  .. «.» 38 |Two9-in. stringers ... 194 
hollow stringers offer much greater resistance than I haye| Skins (l#in.)... |... 60 | Plates, 2in. on 
deduced from the experiments and comparison whichI have | Frames, fastenings, Wood ... so oe. OS 
brought before you. It is inly true that my com-| covering plates, &c. 87 | Coveringplate,l}in.... 50 
parisons are derived from the Millwall shield, after it had . — | Bolts, &. (Raiigy 
received an extraordinary amount of from pro- Total 965 ceeo 
jectiles—when, in fact, it was difficult to any really Total ... 889 
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If this arrangement offered only an equal resistance in 
ion to Millwall 


that shown by the 9-in. plate in its 
and i condition, it would be equal to a 
20.1 in. solid un ed plate. The respective weights of 


the two structures, superficial foot, would have been : 
sandwich, 965 Ib., which could not have kept out the shot ; 
Millwall, 8891b., which would do so with something to 
the sandwich requiring a total thickness of 43in., 
the Millwall 36}in. Proceeding to No. 41 target, and the 
80-ton gan—a very extreme example—we find a sandwich 
composed of four 8-in. plates with three layers of 4 in. teak 
between ; the usual frames, skins, &c., must have been added 
if this structure had been applied to a ship. Against this 
a projectile was fired 14in. in diameter, 1700 lb. in weight, 
with a vis viva of 29.607 foot-tons, and a velocity of 1585 ft. 
in a second without orating the target; the 32in. of 
iron plating, of which this target was composed, were in 
reality equal to about 29in. of solid plate, and according 
to the formula already referred to, the 1700 lb. projectile, 
with a velocity of 1585 ft. in a second, could just com- 
pletely peitenie an unbacked solid plate 28 in. thick. 

As plates 22 in. thick have been rolled, and were actually 
fired at at Spezzia, there would be no difficulty in obtaining 
plates for Mr. Hughes’s system, 14in. or 16in. thick. As 
we know, 14in. is not considered beyond the thickness 
which can be used, and still insure sound and well- 
manufactared plates. Assuming that it is, or will be, 
necessary to clothe our ships in armour, 24in. or 28 in. 
thick, it can be much more easily and conveniently done 
on the Millwall than on the sandwich system. An armour- 
plate, 14in. thick, backed by 12 in. Lollow stringers and 
the other parts of Mr. Hughes’s system. will give a re- 
sistance equal to that obtained by a 24in. solid plate, 
which two 12in. plates with 15 in. of teak will not do. 
And a 15in. armour-plate, backed by 16-in. hollow 
stringers, would be equal to a solid armour-plate of 28 in. 
thick, and could only just be perforated by a 17001b. pro- 
jectile striking with a velocity of 1585ft. in asecond. In 
all these su cases the advantage in weight and in 
thickness of structure is greatly on the side of the Millwall 
system. ‘I'he importance of the latter point must not be 
overlooked ; for it is evident, that in a turret we can pre- 
serve the interior diameter, and by ee the thickness 
of the structure we shall obtain a considerably smaller sur- 
face to — poe ees apg os 7 peR 

A very few wo ly on the Spezzia experiments, whic 
I take as confirming a great deal have already said. 


The thickness of armour fixed m by the Italian Go- 
vernment was 22 in. of iron and 19in. of teak, skin, 
frames, &c., as usual. Some of these targets were of solid 
armour-plates, some were sandwiches of wood and iron 
and a wc ager with —_ a Most .— had 
been subjected to previous pounding by comparatively light 
proj iles ; they were demolished by the 2000 Ib. et ar 

7 in. in diameter, when fired at them with velocities of 
1500 ft. in a second ; but in some instances, where velocities 
of only 1046 ft. in a second were given, the resistance to 
perforation was successful. As the Italian gun was far more 
powerfal than the targets it was brought as. the 
gunners were enabled to give their projectiles such velocities 
as they pleased, and as a rule with velocities something 
under 1 ft. destroyed all that was before them. No 
doubt the destructive effect of these large projectiles was 
much increased by the narrowness of the plates in propor- 
tion to the diameter of the shot. With, however, a velocity 
of 1500 ft. in a second, this projectile, weighing 2000 lb. 
and 17in. in diameter, was, according to the formula 
already referred to, capable of just perforating completely 
30 in. of iron. 

The scope of this paper, and the length of time I have 
already trespassed on your attention, forbid me to refer to 
the behaviour of the steel armour-plates, and the extra- 
ordinary way in which they resisted perforation, destroyed 
the projectile, and fell to pieces themselves. To investigate 
so interesting a subject in connection also with experiments 
of this nature that took place at Portsmouth, and which I 
understand, are even now going on, would require a separate 
paper, and I trust that some member of this Institution 
may be induced to take it up and give us the benefit of a 
thorough examination of all its bearings on the problem of 
successful defence. I have referred to these Spezzia ex- 
periments only as warnings not to be neglected of the 
difficulties that lie around us, and since I began this paper 
there has loomed before us in the immediate future, if not 
in the actual present, such an 2 of steel for guns 
and projectiles as will lay a still further burden on the 
shoulders of the defence—a burden, I confess, already 
almost too heavy to be borne. If steel can enable guns to 
bear charges of powder which will give 8 in. projectiles 
velocities of from 2000 ft. to 3000ft. in a second, and will 
= the projectile a power of cohesion that no opposing 
orce can disintegrate, [ own the defence can ceumeal hope 
to —_ against the attack; but “even against such pro- 
jectiles and such velocities it is evidently incumbent on us 








to use the best system of strengthening our armour i 
tg eect =r 
i erence to the old and recognised ers of th 

attack, we have, I think, reached the limite of sandwick 
targets for naval construction; and one point which I 
omitted to notics in the slight sketch I have made of the 
Spezzia experiments confirms me in this opinion, that is, 
the distinct indication given of the possibility of blowing 
off by the explosion of a well-planted shell the outer 
armour-plate of the sandwich. The ey ope of a most 
ingenious race has undertaken to solve this problem, and 
perhaps they will succeed. Be that as it may, the Millwail 
Fa ag of rams py am ey these efforts of much of 
their importance. If I have not succeeded in convincing 
the gentlemen I see around me that this system should be 
adopted, I hardly think I can have failed to bring home to 
their minds that it is at least worthy of deliberate ani 
careful trial. I understand that Mr. Hughes is in com- 
munication with the Admiralty, and I am sure the subject 
will receive from its naval constructors that intelligent 
and careful consideration which they are so well able to 
give, and which, allow me to say in passing, has borne 
ruit in those splendid structures of which the British 
Navy is composed. I trust that no naval architect, no 
engineer, no artillerist in this room, will believe for on: 
moment, that in taking the course I have done, I have the 
presumption to suppose that I can teach them their busi- 
ness. Far from it, [ have only endeavoured to put before 
them such facts as I believe to be indisputable ; it is for 
them to draw sound and correct inferences, to balance the 
possibilities, probabilities, and the difficulties that beset 
the solution of this great problem ; I have no interest 
whatever in the matter, except the all-absorbing one of 
procuring for our common country and for our navy, of 
which we are so proud, the best ible system of defence. 

No one can be more sensible than I am of the imperfec- 
tions in the mode of treating such a subject which every 
line of this paper presents. In one respect only do I feel 
some little confidence in the success of my endeavours. I 
did not intend to say, and [ believe I have not said, one 
word which could give the slightest pain or uneasiness to 
oy ee much he may be opposed to the conclu- 
sions I have arrived at. And now, gentlemen, with many 
apologies for the length into which the importance of this 
subject has unavoidably led me, I submit this imperfect 
yy for such consideration as you may think proper to 
give it. 


APPENDIX. GIVING DETAILS OF THE PRACTICE AGAINST THE TARGETS REFERRED TO. 


BELLEROPHON TARGETS. GENERAL DESCRIPTION. 
The front consists of a solid 6-in. armour-plate, behind which are 10 2. of teak laid horizontally: between the logs of teak are four horizontal angle-iron stringers of }-in. iron about 2 ft. apart, 


not quite reaching out to the armour. 


hind this wood are two t 


icknesses of j-in. iron, forming the skin of the ship, and behind this are frames of angle-iron 10} in. deep by 3} in.by 4 in., 


and two angle-irons of 34 in. by 34 in. by § in. rivetted together. The total area of this target was 20 ft. 9in. by 8 ft. 6in., or 176.37 superficial feet, and weighing, without supports, 393.5 Ib. 












































per foot. 
Photo- PROJECTILE. Velocity Total Energy 
DATE OF on Energy of | per Inch 
EX PERIMENT. —_ on. — a es 4 Sere GENERAL REMARKS. 
of Bhot. Nature. Weight. meter, |Second. Impact, | ferenve. 
Ib. “uo ft. foot-tons | foot-tons ary ‘a 
December 8, 1863 ... 707 Spherical cast iron 664 7.92 138! 878 35.3 Indent, 1.5 in. 
jan ~ a 708 Cylindrical cast iron 66.187 6.9 1450 965 445 Indent, 1.2 in. 
“ a 709 [~aa and)! 663 69 | 1468 878 35.3 | 
w ” 710 Ditto 664 7.92 1485 965 44.5 A salvo, cracking and bulging the plate. 
» ° 7il Ditto 664 6.9 1468 878 35.3 
* ae 712 Ditto 664 7.92 1485 965 46.5 J 
pad @ 713 | Cast-iron cylindrical shot | 59.9 6.0 1524 960 44.2 ‘Indent, 1.8 in. 
o ” 714 Steel shell 69 5.4 1221 713 46 (ndented the backing 2 in. 
” ’ 715 Cylindrical steel shell 119 7 1273 1336 60.6 Indented the backing 0.65 in. 
” ” 716 Ditto 149.5 6.9 we e00 en Shell burst in front of the gun. 
e e 717 Caat-iron shot 15 10.36 1547 2489 76.5 Cracked and indented plate to a depth of 5.2 in.: skin slightly bulged. 
pa va 718 Shot steel 165 10.43 1992 2472 754 Penetrated armour, remained in backing, bi and cracked inuer skin, 
a * 719 | Cylindrical cast-iron shot | 308 10.43 1090 | 2537 77.8 Indent, 1.6 in., armour-plate bent and cracked, inner skin slightly bulged. 
e 7 720 Cylindrical] steel shell 149.5 6.9 1275 | 1685 78.92 Penetrated armour, burst in the backing, inner skin bulged. 





The total energy of the projectiles which struck this target was 17,721 foot-tons, or about 100 foot-tons per foot of surface. The 6-in. armour-plate was penetrated, but the structure was not. 


HERCULES TARGET. GENERAL DESCRIPTION, 
The front consisted of a 9 in. solid armour plate at the top, and an 8-in. plate below, behind which were horizontal logs of teak 12in. thick; between these logs were horizontal stringers or edge- 


plates of gin. iron, the outer edge 





resting it the armour plating, the inner end secured by angle-irons to the skin. Behind this cushion was the skin in two thicknesses of § in. iron. Behind the 
es 10 in. deep, supported by two angle-irons rivetted to the skin. The spaces between the frames were filled with 10 in. of teak. B 
ai d horizonta 


ehind the frames or ribs were 18 in. of teak in 




















skin are 
two thi , disp lly. Behind this wood a covering plate of in. iron, and behind this again angle-irons or ribs 7in. deep. The total area of this target was 146 superficial feet, or 73 ft. 
foreach plate. The weight for the 9-in. plate was 689 Ib., and for the 8-in. plate 652 Ib. per superficial foot. . ‘ - 
Total 
PROJECTILE. En. 
Photo- ergy| Energy 
DATE OF Ve locity on of r Inch 
EXPERIMENT. |fraphic |p Impact per | Projec- of Shot's GENERAL REMARKS. 
’ la- econd. eon | Circum- 
of Shot. satuse Weight. | eter. Impact. | ference. 
Ib. in. ft. ft.-tons. | feot-tons. 
June 21, 1865 «| 1040 Elongated steel shot 221.5 9.15 1452 3238 111.9 | Struck 9-in. plate, indent 5 in., and plate buckled over 40 in. 
” ” es} 1041 Ditto 299.5 | 10.43 1277 3390 103.6 | Struck 8-in. plate, indent and buckle 8.51 in. over 40 in., inside skin bulged in rear of point 
of impact. . . 
a Hc 1042 Ditto 2215 | 9.15 1451 323 111.7 | Struck 9-in. plate, shot remained in plate projecting 74 in. 
” ” 1042 Ditto 299.5 | 10.43 1283 3422 104.5 | Strack 9-in. plate, grazed 8-in. plate, indent on upper plate 8in. 
> ” = — — rr a pan 128.9 ——e 9-in. —~ b remained in plate, base projecting 7} in. 
” ” eee 2 9.91 4 35 123 on 8-in. plate, shot remained in plate, base projecting 6.5 in. 
a a os) 1046 Chilled shot 225 9.02 al 3195 110.6 Struck on rightside of hole made 1041. depth inatenned to 18 in. 
December 7, 1865 .../ 1141 Steel cylinde: shot 573 12.94 1268 6388 156.9 | Struck 8-in. plate, shot remained in target, base of shot 4 in. within plate, inner skin slightly 
bul 4 
“ e 1142 Ditto 574 12.94 1276 6180 159.4 | Struck 8-in. plate, small crack right through plate. 
an os es} 2143 Chilled shot 577 12.95 1310 6872 169 Struck top of 9-in. plate, ploughed through all the backing to a depth of 42 in. 
” ” Siok ae Ditto 577 12.95 1310 6872 169 Penetrated the t; struck 8-in. plate where previous shot had been. 
’ ” 1145 Ditto 580 12.95 | Not observed | 6872 169 Strack 8 in. plate, shot broke, depth of indent 1 ft. 10 ip. 
je oe 1146 Steel cylinder shell 567 12,94 1307 6482 159.5 Struck 9-in. plate, cracked it through, shell broke up. 


























The total energy of the projectiles which struck the target was 64,499 tons, or 442 tons per superficial foot, divided as follows: The 9- 
perficial foot penetrated hema, but net tn 6 count part. The report of the Committee was 


received about §13 tons su ; the target was 
then existing. - - 


in, plate received about 378 tons per superficial foot; the 8 in. plate 
that i penetrated in a sound place 


it could not be by any guns 
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MILLWALL TARGET. GENERAL DESCRIPTION. 


The front consisted of two iron plates, one 6 in., the other 9 in. thick, with a porthole cut equally out of each. Part of the 6 in, plate is covered Mr Suse l-in. plates, covering more than half the 
length of the plate and the whole of its depth. The two principal plates are 12 ft. 2 in. tlong and 4 ft. wide. Behind these plates area series of hollow stringers 7 in. deep, running horizontally, 
their outer faces in contact with the inner part of the armour-plates. The innerpart of the stringer has two flanges rivetted to a jskin formed of two thicknesses of #-in. iron. Behind this there is a 
vertical hollow stringer‘of the same description, the hollow part turned outwards. Both stringers, where hollow, are filled with wood. At the back of these 8 rs or framers there is a 
covering plate or inner skin of 1 in. iron. Various strengthening pieces were added in the way of the porthole, The total area, including the porthole, was 98 superfi feet. The weight per foot 
of the 6-in. plating was 558 Ib., of the 9-in, 678 Ib, : 














PROJECTILE, 
Photo- Velocity) rota) Energy ay | 
DATE OF graphic Impact | Of Projectile | of Shot's GENERAL REMARKS. 
EXPERIMENT. (Number on Impact. 
of Shot Nature Weight.| Dis- |_ per pos. | Circum- 
; ; * | meter.| Second, ference, 
Ib. n. ft. foot-tons. | foot-tons, 
| July 16, 1868 | 1581 Palliser shot 249 8.92| 2715 1254 96.9 | Struck 9-in. plate; penetration, 10 in. 
» | 1582 Ditto 249.5 8.92} 2715 | Not observed 96.9 | Struck 6-in. plate; penetration, 14.3 in. 
Gee ++| 1583 Ditto 250 8.92| 2713 1251 96.8 | Struck 6-in. plate faced three l-in. plates; penetration, 12,8 in. 
-“ o e.| 1584 Ditto 250 8.92| 2650 1234 94.6 Struck 9-in. plate; penetration, 9.9 in.; shell rebounded. 
jel «| 1586 Palliser shell 250.75) 8.92) 2984 1310 106.5 | Struck 9-in. plate; indent, 12in:; head of shell flew back. 
» ” 1587 Ditto 248,6 | 8.92| 2984 | Not observed 106.5 | Struck 6-in. plate; penetration, 10in.; head of shell ren.a'ned in target. 
ee 1588 Ditto 248.6 | 8.92 Shell burst in gun. Fragments indenting the target. 
eta 1590 Palliser shot 251 8.92| 2985 , Not observed 106.5 | Struck the 6-in., faced with 3-in.; damaged the stringers considerably; shot-hole in contact 
with 1583; penetration, 24.8 in. 
«+ ° 1591 Palliser she!1 399 9.92| 4027 e 129.2 | Struck bottom of 9-in. plate; passed under shield, burst, and made a large hole. 
= . 1592 Ditto 397.75| 9.92| 4519 wt 145 Struck junction 9-in. and 6-in. plates on the indent of 1586; penetration 19 in. 
be va 1594 Ditto 399.2 9.92| 4519 ~ 145 Struck 9-in, plate; penetrated 22 in,; projectiles, 27.3 in. long. 
a +-| 1595 |3pherical cast-iron shot) 451 14.89 | 4182 1156 89.4 | Struck 9-in. plate; shot rebounded 6 ft. ee and set up. 
2 Fe . | 1596 Ditto 455 14.89} 6542 1399 139.9 | Strack top corner of port; 6-in, faced, 3-in. plates partly in the port; shot broke up, 
a 1593 Ditto 397.7 9.92 Shell burst in gun. Head struck in a splash on 9-in. plate; indent, 4 in. 
ed * ; 1589 Palliser shell 248.6 8.92} 2715 4 Not observed 969 Struck the junction of 6-in. and Y-in. plates; indent, 12in. 
September 22, 1868,,,| 1596 Palliser shot 601 11.72; 5714.5 1171 1526 —- 6-in. plate close to the port, where the target was only 18 in. thick, passed through, and 
roke up. 
90 ” 1597 Ditto 596 11.92] 55038 1154 146.97 | Struck 9-in, plate; penetration, 15.1 in. 
“ Kd 1598 Ditto 600 11.92] 5705 1171 152.45 | Struck 6-in, plate; indent touches, 1587 ; indent, 33 in. 
” - ot a Ditto 596 11.92| 5764 1181 153.93 | Struck 9-in, plate ; indent, 23.2 in. : 





























The area of the9-in. plate, including the porthole, was 49 ft. The total energy of shot it received was about 35,960 foot-tons, or nearly 740 foot-tons per superficial foot, The area of the 6 in. plate un‘aced 
was about 24 ft., and the total energy of shot it received was about 18,476, or about 760 foot-tons per superficial foot; and the area of the faced part of the 6-in. plate was about 25ft. it received a total 
energy of projectiles of 11,598 foot-tons, or 465 per superficial foot. Of course, if the port hole were deducted the areas would be smaller and the energies per superficial foot larger. 

The bolts in this target were of peculiar construction, and stood remarably well. 


No. 33 TARGET, THICK PART—SANDWICH. GENERAL DESCRIPTION. ‘ 
The thick portion of this target consisted, in front, of an 8-in, solid armour-plate, behind which were 8 in. of teak, then a 5-in. iron plate, then 6-in. of teak, horizontal stringer plates, a skin 1} in, thick, 


r with frames 4 ~~ apart, No dimensions of this target are given. It appears to have received projectiles the total energy of which was 25,687 foot-tons. Its approximate weight was about 709 Ib. 
per superfic ‘oot. 


























Photo- PROJRCTILE. Velocity’ - Total ‘ Energy 
graphic on nergy 0 r Inch 
EP PERIMENT:* N uber Impact | Projectile bey Shot's GENERAL REMARKS. 
of Nature. Weight. Dia- per on Circum- 
Shot. 8 meter. |Second.| Impact, | ference. 
Ib. in. ft. foot-tons. | foot-tons. 
Jaly, 1871... | 1836 Palliser, large core 244.7 8.92 1310 2912 103.9 | Total penetration, 18.2 in., head of shot remaining in inient, 
* ove eee] 1837 Ditto 245 8.92 Not observed Total i 17.9in., head of shot remaining in indent. 
July 12, 1871... ...| 1830 Ditto 530 10,92 1250 5742 167.4 P through—almost in a line with rib, which it tore from the skin and distorted. 
ae w.| 1832 Ditto 533.4 | 10.92 | 1275 6013 175.3 | Burst and passed through, setting the backing on fire; frames broken and distorted. 
Jaly 21, 1871... «| 1842 Palliser shell 527 10 92 1258 5783 168.6 Passed through, bursting when passing through inner skin. 
i ae ae 1843 Palliser, large core 539 10.92 1184 5239 152.7 | Passed through, burst apparently on passing through the skin, 

















The ll-in. gun, weighing 25 tons, was thus completely master of this sandwich target, though its total thickness was, iron 14} in., and wood 13 in. 


No. 34 TARGET. GENERAL DESCRIPTION. 


The outer portion consists of two 14-in. solid armour-plates, one above the other, 14 ft. 8 in. long by 3ft. 8in, deep, backed by 9-in. vertical and 6-in. horizontal oak logs. Skin two thickness of § in. iron, 
horizontal stringers, frames, and covering plate }in. thick behind all, the whole bent to a radius {of 15 ft. 7} in. to represent a turret. The area of the target was 102.5 superficial feet. The approxi- 
mate weight per superficial foot was 726 1b. in its thickest part. 
































am PROJECTILE. Velocity} a ; 4 
graphic on nergy of} per Inc 
ee ATe ENT, |Number Impact | Projectile | of Shot's GENERAL REMARKS, 
of Nature. Weight.) _Dia- per on Oircum- 
Shot. ght.) meter. |Second.| Impact. | ference. 
: ae Ib. in. ft. |foot-tons. | foot-tons. 
May 4, 1871 ... coo] 1792 Palliser shot 593 11.92 1269 6622 176.8 | Penetration, 14.3in.; considerable disintegration on rear; many fragments picked up. 
i. - a eee} 1794 Do. shell 601 11,92 1258 6596 176.1 — i ay 3 penetrated 10,75 iu.: shell burst and broke on stvising; muny fragments 
pe up in the rear. 
May 5, 1871 ... | 1808 Do. shot 534 10.92 1292 6181 180.2 | Penetrated 24 in. (projectile, 28.5 in.); much disintegration; and many fragments picked up in 
the rear, 
io eels «| 1804 Ditto 534 10.92 1289 6152 179.3 Strack a bolt, which it drove clean through; penetrated 19 in.; shot rebounded; many frag- 
ments ted u 
May 7,1871... _...| 1808 Ditto 534 10.92 1305 6259 182.4 A piece of top plate broken away, 20.5in. by llin.; struck the edge of the plate; some frag- 
ments picked up in the rear. s 
Pn ee ee Ditto 533 10.92 1303 6275 182.9 | Target thrown down; shot passed through, plate and backing broke up, and passed in; frag- 
ments over inner skin, breaking it in. 
July 6,1871 .., ...| 1822 Palliser, large core £37 10.92 1263 6940 173.1 | Target re-erected, shored up; penetration, 13.5. in.; plate cracked, damage to the rear, 
o  @ oe | 1823 Palliser shell 542 10.92 1265 6014 175.3 | Penetration, 16.75in.; much damage in the rear. 
o - ae. Ditto 599.5] 11.92 1222 6208 165.8 | Nota direct hit; but the point of the shell penetrated to the backing ; target obliged to be shored. 











‘The report notices that the target was very badly supported ; it states that, allowing for such rounds as merely grazed the target, the total energy of the projectiles which struck direct was 53,117 fuot- 
tons, or 518 foot-tons per superficial foot of the structure, and though just abie to resist the guns brought against it afforded but little margin of protection. 
The inner skin was not better preserved than in No. 35, though the depth of penetration into No. 34 was less than in the former, 


No. 35 TARGET, GENERAL DESCRIPTION. 


It is in all respects similar to No. 34, with the important exception of the armour being divided into two thicknesses, 8in. and 6in., of iron, with 9-in. oak behind the 8-in. plate, and 6-in. oak behind the 
eit bs Vaamees on other things as in No. 34. The area of the target was about 102.5 superficial feet. It was bent to the same radius as No. 34. Its approximate weight per superficial fuot was 
726 Ib. in its thickest part. 











Photo- PROJECTILE. Velocity - Total ' Baergy 
DATE OF i on nergy of| per inc 
EXPERIMENT. —. pe Impact | Projectile of Shot's GENERAL REMARES, 
a- per on rcum- 
ot Shot. Natare. Weight. meter. | Second.| Impact. | ference. 
Ib. in. ft. foot-tons, | foot-tons. 
May 4 and 5, 1871 ...| 1792 Palliser shot 595 11.92 | 1258 6529 174.4 | Struck en junction of plates, penetration 27 in., many fragments in rear. 
” ” eos] 1795 Do. shell 603.8 11.92 1254 6584 175.8 Depth of indent in armour 10 m.; a glancing shot. 
” ” eee] 1799 Ditto 592 11.92 Missed and glanced No result. 
” ” + | 1800 Do. shot 594 11.92 1262 6560 175.2 | Shot penetrated its whole length 26,2in. into target, the base 0.6 in. inside the face, outer plate 
craeked through damage in rear. 
” » = ewe} |: 1802 Ditto 536 10,92 1291 6194 180.6 | Total penetration 24in., length of shot 28.5, cracked plate. 
” » == ewe} 1810 Do. shell 538 10.92 | 1306 6363 185.5 | Penetration 28in., projectile 28.5; much da: in the rear, many fragments picked up. 
July's ” «| 1812 Do. shot 898 9.92 1325 4845 155.5 | Penetration 22.5 in., projectile 24.5 in.; much tegration and damage. 
aly 6, 1871 .., «| 1819 Do. shell 601 11.92 Not recorded Glanced, and scooped the target slightly. 
” eve e| 1820 Ditto 599 11.92 1218 6164 164.6 | Total penetration 23.5 in., projectile 26,.2in,; cracks and damage done. > 
” oo «| 1824 Ditto 593 11.92 1227 6191 165.3 | Struck on top eige close to 1799, and burst on top covering plate. 
” vee eee} 1825 Ditto 592.4 11.92 1235 6265 167.3 An indirect glancing hit, not reaching the inner plate. 
” ove ; 1821 Do. large core 531 10.92 1263 5940 173.1 No hit, 





























This target was also badly supported, much disintegrated b 
y the fi , many fragments thrown to the rear, as in No. 34, Allowing for the direct hits only, it received a total energy of projectiles amount- 
ing to 51,656 foot-tons, or about 503 foot-tons per superficial foot. Penetration into this target was certainly greater than into No. 34, but the inner skin was at least equally well preserved. 
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“GLATTON” TURRET IN PLACE. GENERAL DESCRIPTION OF TARGET AT PLACE FIRED AT. 


Outside a solid 14-in. ; next 
angie-irons to the which 
}-in. iron. A square foot of that part of the 


to which three vertical logs of teak 7 in. thick; next to which horizontal logs of teak 5 in. thick, with horizontal 
is on two thicknesses of j-in. iron frames; behind, 93 in. dee 
target subjected to the experiment weighed about 


aS ~ as with two angle-irons to the back part of the 


strips or stringers between them, rivetted by 
and a covering plate or lining behind all of 











GENERAL REMARKS. 








Photo- PROJECTILE. Velocity; Total a 
DATE OF quanta on /|Energy of) per Inc 
EXPERIMENT. |Number one. Impact — — 
oe Shot. Netare. Week meter. Seeond. Impact. | ference. 
“i Ib. in. ft. foot-tons. | foot-tons. 
July 4, 1872 .., Palliser chilled shot 600 11.92 1275 6750 181 = 
” " Ditto * 600 11.92 1275 6750 181 




















Penetration 23.2in., length of projectile 26.2 in.; shot broke up, half of it remaining in the 
icture. 
Grazed the glacis plate, broke the covering plate of the deck, penetrated 12} in. 





No material damage was done. The turret revolved after receiving these shots. The second was a very oblique blow, and the distance from centre to centre of the projectiles was about 9 ft.8 in. The 


live creatures inside the turret were not hurt, and the 


of the shot, and wood pushed through the split. One rib was broken. 
No. 40. A SANDWICH TARGET. GENERAL DESCRIPTION. 
This target consisted of three armour plates 64 in. thick, one behind the other. Behind the first was a layer of 5 in. of teak, then the second armour-plate and Sin. of teak (the layers being 


horizontal and vertical); then the armour 
6} in. of iron plate and 5 in. of teak having been 


late; then the 


ri 


guns were run in and out without difficulty ; but the projectile very nearly penetrated the structare completely, the skin being split over the point 


skin, ribs, &c. In the first experiment the weight of the target was about 907 lb. per superficial foot; in the second experiment, 
ded, its approximate weight was 1215 per foot, tried against the 38-ton gun, 











GENERAL REMARKS, 














PROJBCTILE. Velocity; Total Energy 
DATE OF a on of | per Inch 
EXPERIMENT. |Nwbtcr | a el Cone 
| a- 4 
of Shot. Nature. | Weight meter. |Second. | Impact. | ference. 
ib. | in. ft. |foot-tons, |foot-tons, | 
October, 1876 2039 Palliser shell 815 124 1421 11,408 290 pened « 
rge' 
Second experiment, gun chambered. 
March 10, 1877 2043 | Palliser shell, 33in. long 812 | 124 | 1525 | 18,045 | 335 








Passed through, setting the backing on fire; a portion of the base of the shot remained in the 


The penetration was about 20 in. in all, the base of the shot getting just within the frst armour- 
plate, and the point just penetrating the inner plate; the length of the projectile was 33 in, 





The Committee report, on the first experiment, that the gun and the target were about equal; on the second, that the resisting power of the target was the greatest. 


No. 41. A SANDWICH TARGET. GENERAL DESCRIPTION. 
This target consisted of four 8-in. solid plates, disposed as follows: Outside of all, an 8-in. armour plate, 16 ft. by 10 in., behind which is a layer of teak 5 in. thick, horizontally and vertically. Three 


There does not appear to have 


been any skin or representation of a ship's frames, &c. The total weight per superficial foot was, 

















GENERAL REMARES. 

















such plates, with intervals of fillings of teak, follow. 
approximately, 1460. 
Photo PROJECTILE. Velocity} Total Energy 
DATE OF phic on /|Energy of| per inch 
EXPERIMENT. \ oe ~ Impact |Projectile | of Shot's 
” lor Shot. N a ignt.| Die | _ Per a 
. - ature. eight. | meter. |Second.| Impact. | ference. 
Tb. in. ft. | foot-tons | foot-tons 
February 1, 1877 ...| 2041 Palliser shell, 42 in. long 1700 15.87 1496 | 26,400 526 
Second experiment, gun chambered 
May 4, 1877... 2047 Ditto 1700 15.92 | 1585 | 26,907 | 538 No plete penetrati 





was 


No complete penetration was effected; depth of indent, 48.8 in. 


ted; depth of indent, 56 in. 











The target being tco powerful for the gun, the penetration was much less than if the power of the projectile and resistance of the target had been more nearly equal, 


ARMOUR FOR SHIPS.* 
By N. Barnaby, C.B. (Vice-President I.N.A.) 

Havine received an intimation from one of our Vice- 
Presidents, Vice-Admiral Sir R. Spencer Robinson, that he 
pro} to question the propriety of the existing mode of 
applying the armour to English ships, I thought I might 
best facilitate profitable discussion upon his paper by 
stating my own views as to the present position of the 
question of the material for ships’ armour, and the best 
mode of applying it to the parts to be defended. Before 
P ing to do so I would remind you of a few historical 

acts, and make some remarks a general character 
relating to armour for ships. 

The modern ironclad ship owes its origin to an imperial 
order to the French Minister of Marine, dated from St. 
Cloud, 16th November, 1854. The ~\ oy Napoleon III. 
pointed out that in warfare there must be, in addition to 
courage and ability, even chances. Actions on the land 
are avoided so long as there is no chance of success. So in 
val warfare, if the fleet were risked it would be in the 





na 
hope of des i that of the enemy. An enormous 
capital is ae | in order to destroy that which has 


cost the enemy as much. But, he went on to say, so soon 
as the fleet is emplo in the attack of a fortification 
the proportions are entirely altered, for not only will a ship 
poses Saeees 0 tak tere, | a ship offers a 
object to strike, while the land battery occupies but 
a little space, and is by parapets, but also the 
stake is materially di So it happened that in the 
Black Sea 25,000 sailors and 3000 guns could not 
seriously injure the Russian fortifications; and that in- 
decisive attacks were made at other places, entaili 
serious damage to the ships without doing any material 
harm to the enemy. Under existing conditions risks were 
incurred for nothing. If the ships threw their projectiles 
at 2000 metres they consumed their ammunition at a dead 
loss, and gave a false idea of the power of the fleet. If 
they approached nearer they the State to sacrifices 
too considerable in proportion to the object in view, for it 
would generally be perfectly senseless to risk the loss of a 
fleet for the destruction of a few forts. To remove this 
difficulty he pro; to create ‘‘une flotte de siége,’’ 
capable of producing decisive effects, and at the same time 
of lessening to the State the chances in men and 


money. 

The course taken to meet the Emperor’s views was to 
build floating batteries with numerous light broadside Lo 
and cov: from end to end with iron armour- " 
This met the necessity for the moment, but when the 
French Government in 1860 took a further s and 
launched a sea-; ship, the Gloire, covered with the 
armour of the i " placed us upon the 
road to our present position, which is more exposed than 


* Paper read at the twentieth session of the Institution 








of Naval Architects. 





now the subject of anxious experiment in Germany and 


ever to the Emperor’s objections of 1854. Fresh means of 
attack were ised, by which the armour could be pene- 
trated, or by which the unarmoured parts could be reached. 
So it happens that in 1879 the ships are far more costly 
and carry fewer guns than in 1854, and are at the same 
time exposed to destruction by the torpedo defences of the 
port as well as by its guns, while the flotle de siége of 1854 
is useless against the guns of the ports, and defenceless 
against their torpedoes. It would, poets have saved 
the expenditure of millions of money, if the Council of 
Ministers who met to consider the Emperor’s message had 
pro a flotte de siége consisting of small unarmoured 
gunboats of eight or ten knots’ » mounting guns of 
greater range and power, ins of proposing to mount 
the existing guns in pro ships. Such a siege fleet 
pt, have met the necessities of to-day as well as those 
o! b 
As to the sea-going fleets, we have already proceeded far 
in stripping the armonr from their sides, and coming back 
to the old condition, but with this important difference : 
the vital parts of the fighting machine are pro 
inst the enemy’s guns to such an extent that no single 
shot or shell bé capable of disabling it. This protec- 
tion, however afforded, ap to be indispensable in ships 
designed under such conditions of warfare as now exist. 
This is the nature of the protection given to the t 
Italian first-class battle ships Italia and Lepanto. ey 
are to have enormous power of engines and guns, but they 
are not ironclads. They are protected ships, and it cannot 
be denied that they are also armoured ships. They have 
an underwater deck of three-inch armour, weighing about 


1200 tons, and have proba’ an eq! weight of 
armour of eighteen to twenty-seven inches protecting their 
internal vital 

Not less interesting is the protection which has been re- 
cently devised in id for the merchant ships ae pe 
in a time of war under the Queen’s . No amount of 


resistance which an armour-plate could show, would give 
the satisfaction which I received from the excellent be- 
haviour of the simple combination of fuel, and thin loose 
iron sheets. 
Coal armour and torpedoes 
fast merchant shippi hy a signi ce in warfare 
ey. In the place of being wards to be 
defended, they become active combatants—a strength 
“tae te lightly ani d covered by the 
ve thus gone li over the ground cove 
hi of armour from 1854 to 1879. I have shown that 
in its t stages it consists on the one hand of plates, 
more than 2 ft. thick, and on the other it is the ship’s 
— a Ee = in cae ] —— 
absolutely vi! . For appears 
be indiapensable, od T suppose it will become general, and 
permanent. 
The material of which thick armour should be made is 


er have given to the 





France, as well as in Italy and England. Steel and other 
alloys of iron are so little known or understood, that there 
is a large field for es an open for the armour-plate 
maker and for the artillerist. 

Steel has been tried many times alone, and in combina- 
tion with iron, but it never gaye enough satisfaction to 
secure its adoption until experiments were made at Spezzia 
with plates 55 centimetres thick, manufactured by Schneider 
et Cie. at Creuzot. With these the Italian Government 
were so well pleased that they are plating the Dandolo and 
Duilo with such plates. Those of us whose visited the 
French Exhibition last year may have seen a stecl armour- 
~ produced by this firm, bent to the form of a turret, 

in. thick, and weighing 65 tons. 

Those who went to the works at Creuzot, by favour of 
Mons. Schneider, may also have seen an ingot of cast steel, 
suitable for making an armour-plate and weighing 120 
tons. The rival firm of Terre Noire exhibi armour- 
plates of steel which had not been hammered, or rolled, or 
otherwise forged. a were simply cast plates, tem 
in oil, and annealed. Judging from the admirable series of 
es and tests and analyses, the manufacture has 

ready obtained a large degree of precision, and is full of 
promise. 

I believe that the Italian Government will shortly test 
some of it with the big Elswick gun, and it may be that blocks 
- mo oa Re eee the manufacture pom! pa 

y making the rolling operations unnecessary, : ring- 
ing down the cost to that of ordinary large castings. The 
French Government have also made many e ents with 
steel armour at Gavre, but have not yet satisfied themselves 
that they should give up wrought iron. 

Experiments with steel in England have shown that 
steel can be made of great hardness, so hard that it will 
break up all projectiles which strike it, and that will not 
suffer onion. in doing so. Sir Joseph Whitworth has 
pets mys me most ey ey mee results in this direction, 
and he is sti ing the inquiry. 

The Sheffield makers, Messrs. Cammell and Messrs. 
Brown, have both declared in favour of iron plates with 
steel faces, produced in the rolls. Both these firms ex- 
hibited at Paris last summer the “ey ery results of a 
shot at each of two plates rather less than 4 ft. a ery and 
Yin. thick. In all the plates a 7 in. gun was at 70 ft. 

‘alliser chilled shot. e iron ar made by 
agg ing, with 8 


of L Ib of powder. ta made by Cone was —— ’ 
without cracking, with a charge . a 
The Browns’ compound plate was half duke and half iron. 
With a ou of 30lb. of powder it was only indented 
in. and ¢ cracking. 
“tthe Commells compound plate had 5in. of steel and 4 in. 


of iron. With a charge of . of it was only in- | 

dented 3.12 in., but the steel of the plate opened 

from the hole to one tin. The cnck dd att f° 
awarded a grand prix 
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both exhibitors, and the honour was well deserved. At 
Shoebury a blow which has perforated a 12 in. iron plate 
has been delivered three times at a 10 in. compound 
plate 6 ft. square, without any one of the three getting 
through the plate. 

The conditions laid down for the turret plates of the 
Inflexible are, that a piece about 6 ft. long, cut off the bent 
plate of the turret, and secured to backing, shall neither be 
perforated nor cracked through by the shot which would 
perforate a similar piece of iron ; and that if the edges of 
the test piece are supported by a frame, no one of three 
such shots planted at 2 ft. intervals shall get through. 

The constraction of the turret wall differs in two im- 

rtant respects from that which Sir Spencer Robinson 
‘avours. 

1. It has considerable depth. The armour is 16 in. thick, 
and the backing is 18 in. thick. 

2. The armour is in two thicknesses instead of one. 


1. There is a distinct advantage in depth of target. 
This has been very well put by a celebrated steel maker, 


when proposing ‘a particular form of target. He said: 
‘The force residing in a projectile may be estimated by 
the ave powder pressure in the gun, multiplied by the 
distance through which it has been active.’’ 

‘* Assuming the effective powder pressure to be equal to 
7} tons on the square inch, active through a distance of 
5 ft. against a projectile of 9 in. diameter, wei hing 23 cwt., 
we have a total force of 64 x 5 x 74 = 2400 oot-tons, 
represented by an initial yore 1100 ft. per second. 
Assuming the projectile to be a substance, and that 
its motion is to be arrested by hard armour, this amount 
of force would have to be consumed within an indefinitely 
short space of time, during which the force of impact 
exerted would be infinite in amount. In other words, 
either the projectile or the armour it strikes, or both of 
them, must be broken up, whilst, if the target struck by 
the projectile possess a certain amount of ductility or pene- 
trability, the former will be penetrated until the force 
residing in the projectile be absorbed.”’ 

So that if the target offers a certain amount of resistance 
continuously, after perforation is commenced, and before 
the skin of the ship is reached, the energy is taken out of 
the projectile by a resistance comparable in amount with 
the original powder pressure. The target may be of such 
depth as to need only a continuous resistance, equal to or 
even less than this original pressure. 

To this we may add, that to receive a projectile made of 
comparatively brittle material, as chilled cast iron, it is 
desirable to make the outer surface of the armour as hard 
as possible, so as to resist the penetration of the point or 
front of the projectile, and thus to cause it to break up. 
This it often does, and simply plasters itself upon the face 
of the plate. Moreover, should it get through the front 
plate, a space of comparatively soft material behind allows 
the projectile to break up and disperse in this space, as it 
will in an air space between two armour-plates. This effect 
may be often seen when a Palliser projectile passes through 
one plate and then through wood backing before it reaches 
the inner plate. 

2. The arrangement of the armour in two thicknesses, 
rather than in one, results from a set of trials made at 
Shoebury in 1871 on the turret targets Nos. 34 and 35. 

No. 34 target consisted of two solid wrought-iron armour- 
plates (apper and lower), each 14ft. by 3 ft. 8in. by 14in., 
on 15in. of timber backing, and one of Gin. No. 3 target 
consisted of two similar plates, 8in. thick in front, and 
two of 6in. thick within. The inner thickness was in- 
terposed between the two thicknesses of backing. The 
total depth of target in each case was 30} in., and the 
targets were bent to a radius of 15 ft. 74 in. 

They were fired at by the‘12-in. and 11-in. 25-ton 
guns, with 600 lb. and 530 Ib. projectiles, and 85 lb. 
of pebble powder at 200 yards range. The two 
targets were struck by projectiles representing over 
500 foot-tons per square foot of surface. The com- 


mittee, consisting of General Elwyn, Captains Foley 
and Arthur, of the Royal Navy, Colonel Inglis, R.E., 
Captains Harrison and W. H. Noble, of the Ro: Artil 


lery, and Lieutenant Innes, R.E., decided that both 
ee gm were a match for the guns, projectiles, and charges 
with which they were attacked, although they afforded but 
little margin of security. 

That althongh the actual amount of indent, as measured 
from the face of the target, was less in No. 34, the com- 
mittee considered that the absolute amount of resistance to 
shot and shell—that is to say, the protection afforded to 
the inner skin—had been shown to be practically the same 
in beth targets. 

_ That the importance of diminishing the number of joints 
in the armour of turrets was clearly demonstrated durin; 
these experiments. Turrets constructed on the model o: 
either No. 34 or No. 35 targets would present a centre line 
of weakness all round the junction of the upper and lower 
plates. That although the manufacture of a 14-in. plate of 
width sufficient for the height of the turret might be im- 
practicable with existing appliances, plates of sufficient 
width, up to 8in. thick, ull be le, and the committee 
on that account considered that No. 35 target, as a 
and constructed, did not fairly exhibit all the merits of the 
double-plate system. The advantages to be obtained by 
the use of two or more layers of thinner [plates of greater 
width were that the number of joints and through fasten- 
ings might be diminished, the necessity for — joints 
altogether avoided, and that the construction about the 
ports might be tly improved. 

Taking therefore into consideration that the double-plate 
— admitted of the employment in turrets of armour- 


not a to be practically affected ; the committee pre- 
ferred this constraction to that in which the armour was 
— in one thickness. 

ter the trials of the double and single plate systems at 
Spezzia, the War Office was again referred to on this point, 
with special reference to the possible effect of -cotton 
adherence to the double-plate _ I shall, however, be 
quite p » at NO 
quite prepared to find, at no distant 
in steel manufacture, affecting both armour and projectiles, 
requires us to put the whole of our defensive plates 
into one thickness. Up to this point I believe our con- 
struction is a good one. 





NAVAL GUNS.* 
By C. W. MexririzLp, F.R.S., Associate Member of 
Council 


I THINK it would be matter of regret if this meeting 
were allowed to over without any mention being made 
of naval guns. The guns, almost more than — else 
at the present moment, determine the design o 
of war; not only the gun which is to be carried, 
also the gun which is to be met. For this reason I have 
ventured to bring the subject before 
much rather that the task had been 
practical artilleryman. 

The naval designer is concerned with the gun, which he 
has to provide for carrying, under two different aspects ; 
first, as regards the safety and efficiency of the weapon 
itself ; secondly, as regards the weight the to be 
ogee as a consequence of its adoption. In both aspects 

he _—— heavy ordnance is, I think, about the worst in 
the world, as well as highly expensive, having regard both 
to prime cost, and to dura x. 

he guns, and consequently the ships, have been sacrificed 
to two conditi le-loading, and a defective system 
of rifling. It is, true, that, at the time the gun rifled on 
the French method was adopted in our service, there was 
no system of breechloading which could be considered as 
reasonably safe for large guns, but that has long since 
ceased to be the case ; and even at that time I ieve it 
would have been better to have expended a little inventive 
and a gene skill in endeavouri 
breechloader, rather than in wasting labour in the attempt 
to cover and conceal the defects in the muzzle-loader y 
introduced into the service. 

It is hardly necessary that I should go into a detailed 
statement of the advantages of a breechloading gun, as far 
as naval design is concerned. It may be well, however, to 
make brief allusion to some of them. First, as 
the amount of room to be provided in a turret or casemate. 
For a breechloader, all that need absolutely be provided, is 
a length of 5 ft. or 6 ft. in addition to the length of the 
gun, measured from the breech to a few inches in advance 
of the trunnions. There is no absolute need to cover the 
chase. In a muzzle-loader, on the contrary, there is need 
to — for the whole length of the gun, chase and all, 
within the turret or casement, and some clearance is also 
in this case required for working rammers and sponges. 
It is claimed that a muzzle-loading gun is less complicated 
than a breechloader. This is certainly true forjplain cast- 
iron guns, such as the old smooth bore, 32-pounders ; but 
the difference in a great measure disappears when we com- 
pare built-up guns, such as are now in use. When the gun 
is made up of several pieces, the question is simply whether 
one or more of the separate pieces shall be removable or irre- 
movable. On the other hand, it is quite certain that this 
simplification of the gun is purchased at an enormous cost ; 
for {the inconvenience and complication of all the fittings 
and surroundings of a muzzle-loader are enormously in 
excess over those of a breechloader. In fact, a description 
of the gear and the processes used on board the Thunderer 
would read like an elaborate joke, 1f the subject had not 
been far too disastrous for jesting. A breechloading gun 
in other respects like that of the Thunderer, could be worked 
in a casement, measuring from the rear wall or bulkhead 
to the rear side of the shield, 15 ft., or 4 ft. less than the 
~— of the gun itself. It is not suggested that it would 
be desirable so to cramp the space, but it seems well to 
point out how much the space actually needed for working 
the gun is reduced by its conversion into a loader. 
Then, again, the complicated arrangements for muzzle- 
loading not only require a much larger turret, or casemate 
but also make. it necessary to have larger portholes and 
other apertures leading into or out of the protected capa- 
city, which is thereby weakened accordingly. ; 

+ should be observed that the present guns in the 
English service are seveees | too short to burn a proper 
charge of powder. So long as they remain muzzle-loaders, it 
is impossible to give them a suitable length. 

As regards the weight to be carried, the breechloader is 
but very little heavier than the muzzle.loader, so far as the 
guns themselves are concerned; but the weight of a 
turret necessary to hold a pair of muzzle-loaders,, is, on 
account * the considerations just —— half as bw 
again as for a corresponding pai breechloaders. en 
the top of the turret is plated, this preponderance is much 
increased. One consequence of this is that the same ship 
can carry a much larger and heavier breec gun 
than she can a muzzle-loader. The _ is not only in 
the matter of weight, but even more in the matter of space. 
In this respect, we have not only to consider the space 
actually occupied by the larger turret, and by its base on 
the lower deck, but also the loading ‘cham outside 
the turret, containing that wonderful ing and ram- 


un en by some 








F 8 ofa breadth equal to the height of the turret; that | ming machinery, which, as it is jsaid, enables a gun to be 

ing ugh fama: ge 9 ys te —_~ be that jays double-loaded vies any — oat it is ~ at 
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absolute cost was less ;# and that the total resist <4 iid As regards both space and weight, matters of the 
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shells bursting between the two thicknesses, and it advised | of 
date, that the progress | } 


you, although I wonld | pec 


to produce a good | be secured 


most anxious solicitude to the naval architect, there is a 
great saving involved. 

There are many collateral porn yo which I only briefly 
mention here, because they concern the arti an rather 
than the shipbuilder. Without stopping to inquire whether 
the Joint Committee was right or wrong in its explanation 
: = —— = re ener it is quite certain — 

ou loading could not happen accidentally in a breech- 
loading gun. The drenching with water now considered 
necessary would also be neolian and its omission would 
not lead to the risk, which would now be involved, of the 
gun going off at a considerable depression, and sendi 
a shot through the side of our own ship, from within ou 


I now turn to the question of the efficiency of the gun; and 
here I observe that ing is sacrificed, ly to curing. 
and partly to co’ ing, the defects of the present system of 

. There is a specious plausibility about the only excuse 
ever made for it, that it was undesirable toadd to the pressure 
upon the gun, due to the resistance of the shot to forward 
motion, the further resistance due to its taking up rotatory 
motion more quickly n The attempt to 
secure this theoretical advantage, at best insignificant in 
amount, has caused the sacrifice of nearly every other good 
quality, and has introduced some sources of quite 

uliar to itself. I need hardly repeat here, what has 
often been said elsewhere, that, as a shot cannot possibly 
fit a gun rifled with a varying pitch, there has to be a 
misfit, both on the loading and driving sides. The risk of 
accident from the shot and shell breaking up in the gun, 
from the studs getting adrift, or over-riding the rifling, are 
matters which primarily concern the gunner. What do 
concern the shipbuilder, are the weakness and want of 
durability of the gun, and the low velociety which it gives 
to the shot. The total friction, as Professor Reynolds 
has shown, is about double that which would occur with a 
uniform twist of the same amount at the muzzle. The 
strains due to its taking the rifling also come into play 
with increased effect when the shot has already acquired 
forward velocity and is in a weaker part of the gun. Two 
very momentous results follow—first, that it is neither safe 
to attempt, nor possible to get, a high muzzle velocity, and 
secondly that, for the same reasons, a sufficiently rapid 
rotation to allow of elongated p i omy ep cannot 
. The result is a ce of fully its pews 

obtained a 


as an armour-pii . Armstrong has 
muzzle velocity of 2000 fa second, and more; 1600 ft. is 


quite common ; while the Woolwich gun only gives 1300 ft. 
or 1400 ft. e energy of impact ing as the square 
of the velocity, the relative efficiency is got by squaring 
these numbers. : 

Whatever excuse may have been originally furnished for 
the French system of rifling by the quick-burning, and 
therefore violent powder, formerly employed in our service, 
that has ceased with the recognition of the proper object of 
burning the powder charge, so as to get a prossure as 
nearly as possible uniform on the base of the shot through- 
out its journey within the gun. ge that no force is 
converted into heat, but that the whole work of the powder 
is expended in giving motion to the shot, the law connecting 
pressure and time is immaterial, and the velocity simply 
co mds with the energy. But, for a given muzzle 
Sdodiie, the maximum pressure in the gun can never be 
less than when the pressure is constant throughout the 
whole time the shot is within the bore, and the more nearly 
that condition is fulfilled, the less the risk to the gun, 
When any part of the work is expended in heat, the equa- 
tion between work done and energy imparted depends upon 
the reconversion of heat into ul work—a reconversion 
which is never complete. Moreover, the — of 
work mischievously converted into heat—to the detriment 
of the gun as well as to the loss of work—increases with 
the pressure, and the lost work due to this cause is likely 
to be much greater under varying pressures, than under 
constant pressures. This will hold true, although in dif- 
ferent proportions, of the work — upon heating the 
gases, as well as of that spent upon ing the gun. 

It is worth while to give a numerical statement of the 
pressure needed in a particular case. ; 

Neglecting friction, the pressure required to give a shot a 
foot long & muzzle velocity of 2000 ft. a second in a barrel 
20 ft. in length is about 4.63 tons* on the square inch. 
With a bore of 12 in. calibre, and a twist of one turn in 
20 ft., the pressure required to produce rotation is about 
150 Ibs. Assuming the shot to be 2 ft. long, this brings to 
a little over 9} tons on the inch the pomes usefully e: 
in propelling the shot. To this to be added the pres- 
sure necessary to overcome the friction, both of the barrel 
and the rifling. Ido not attempt any numerical statement 
of this, because it depends upon so many elements, that it 
would only be confusing to introduce it here. It would not, 
however, under conditions, bring up the pressure to 
much more than 11 tons on the inch, in the case stated. 


It will disti appear from this numerical statement, 
what a very 8) portion of the pressure is directly ex- 
pended in producing rotation, and consequently what 
ve in there is to be made, by endeavouring 


to anne that this rotation shall be imparted less rapidl 
than the forward velocity; and it must be remem 
that, even when, as in guns rifled with a uniform twist, the 
rotation is directly proportional to the forward velocity, it 
is still by no means suddenly given. The really important 
increase of pressure involved in the rotation of the shot is 
the indirect expenditure in Crmeeming the friction of the 
rifling. This loss is less when the pitch is uniform, than in 
any other case. : 

* Let P be the pressure in pounds per square inch, l the 
length of the shotin feet, s the length of the barrel in feet, 
and v the muzzle velocity in feet per second, then 


P=“ x 0.0525 
12 cubic inches of iron being taken as weighing 3.34 Ib. 
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I think three points have now been established : first, 
that the existing service gun is a bad weapon, both generally, 
and i ly as regards naval requirements ; secondly, 
that it is of importance to replace it by a breech-loading 
gun ; and thirdly, that the gun should be rifled with a uni- 
form twist. , 

There has also appeared, incidentally, the importance of 
having a slow-burning powder, which will give nearly 
uniform pressure while the shot is within the barrel. 

Not being a mechanical engineer, I feel some hesitation 
in discussing the actual mode of putting together the guns. 
There are, however, some points, in which the existi 

ns seem to be of defective or mistaken construction, an 
f think my remarks would be incomplete, if I did not men- 
tion them. 

In the first place, I cannot help considering a built-up 
gun as at best a makeshift, adopted on account of the difli- 
culty or my? of getting a good one of homogeneous 
material. The difficulty has now, as I believe, been over- 
come ; at any rate the time is certainly at hand for the 
production of reliable castings of steel, ibly compressed 
by Whitworth’s methods, or improved by special arrange- 
ments for casting, or by subsequent annealing—a process 
which, as applied to castings, does not seem to me to 
have received sufficient attention. It is objected to steel 
asa material for guns, that it is brittle, and, when it gre 
at all, that it bursts suddenly, and without warning. I am 
unable to see that this is any real objection, provided the 
stress, under which it is safe, is in excess of that which the 
gun need be put to, or of what existing guns of the same 
weight will bear. 

ext, I have never been able to look upon the system of 
shrinking on the coils, so as to gripe one another, as in any 
way satisfactory. I cannot unde y one way in 
which it is better than an exact fit, while there are many 
respects in which it is objectionable. The heating of the 
gun is always test on the inside, and this secures, at 
any rate after the first shot, that the outer coils, if only 
close-fitting, shall at once gripe the inner coils, as soon as 
these begin to ones er internal pressure. I have a 
suspicion, too, that the grip is not permanent ; but that, 
especially with the heating and concussion of firing, it soon 
relieves itself by m r re-arrangement, or stretching. 
I am quite aware of the theory, that materials do not take 
a ‘‘set’’ under stresses which are within the limits of elas- 
ticity ; but I am also aware, that the assumption of the 
existence of such limits is one of purely theoretical con- 
venience, and I believe that, as a: plied to soft wrought 
iron, it is a mere fiction. For glass, or hard steel, the 
theory is certainly approximative, and represents nearly, if 
not exactly, the actual state of things: not so for soft 
iron. 

I think, also, that soft iron is far too extensible a 
material for the outer coils. So far as concerns strength 
alone the outer coil, and not the inner tube, is the place 
for steel. 

I had it in view, in writing this paper, rather to discuss 
the defects of the guns now in our naval service, than to go 
into the question of the Thunderer accident. But I think 
it right to say, that I am unable to accept the conclusion, 
that the accident was no fault of the gun. I believe it was 
entirely the fault of the gun, and that the only security 
against the recurrence of such accidents is to dis the 
present Woolwich gun, in favour of a better system. 








THE STRUCTURAL ARRANGEMENTS AND 
PROPORTIONS OF H.M.S, “ IRIS.”* 
By W. H. Wurrs, Assistant Constructor of the Navy, 
Member of Council. 

Tue use of mild steel as a substitute for iron in ship- 
building is now attracting so much attention that some 
interest will probably be felt in the brief description of the 
structural arrangements of H.M.S. Iris which is given in 
this paper. It is well known that this vessel was the first, 
built in England, in which mild steel was employed ; and 
that she was the first vessel of the Royal Navy wholly 
built of steel. Notwithstanding her exceptional cepeen 
as com with other types of war ships or with mer- 
chant ships, it may be well to put on record in the Trans- 
actions, the facts as to her scantlings and structural 
strength ; for while she differs from most seagoing ships in 
many particulars, she illustrates, I think, some prin- 
ciples of construction that are applicable to all steel-built 


vessels. 

It is neces at the outset to sketch the general 
features of the design. The principal dimensions are as 
follows : Length between perpendiculars, 300 ft. Breadth, 
extreme, 46 ft. Depth, from upper deck, at side amidships, 
to underside of bar keel, 28 ft. 44 in. Mean load dancth 
19 ft. 9in. Corresponding displacement, 3735 tons. 

Mr. Wright has given in his paper a full account of the 
propelling machinery, and the remarkable steam trials of 
the ship. I need not repeat the description here. 

Fig. 1, page 303 shows in outline the manner in which the 
hold-space is occupied and subdivided. No less than 138 ft. 
of the length is occupied by engines, boilers, and coals ; 
there are two separate stokeholds and two engine-rooms. 
The engines and boilers are kept below the water-line, and 
protected throughout by wing coal-bunkers, varying in 
thickness from 5 ft. to 8 ft. between the upper and lower 
decks, and decreasing in thickness as the below water 
increases. These bunkers are more clearly shown in the 
** Midship section” (Fig. 3.) The outline ‘‘ Profile view’’ 
(Fig. 1) shows the heights of the decks and platforms, the 
positions of the bulkheads, &c. Reference to these draw- 
ings will show that there are ten complete watertight 
transverse bulkheads; and that in wake of the stoke- 
holds, where the main bulkheads are 44 ft. apart, inter- 
mediate or “ partial’ bulkheads are introduced in the 
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coal-bunkers. The longittudinal bunker bulkheads are also 
watertight ; and throughout the length occupied by the 
machinery boilers there is a watertight inner skin, 
forming a complete double bottom (see Fig. 3) across the 
ship between the bunkers. Before and abaft the double 
bottom, a watertight platform is built about 7 ft. below the 
lower deck, and extended to the bow and stern respectively. 
This platform does not extend quite to the foremost boiler- 
room bulkhead, because the small “‘forehold’’ (about 14 ft. 
in length) is nearly occupied with water tanks and chain- 
lockers. In the coal- also there is a platform about 
mid-height between lower deck and bilge (see Fig. 1). As is 
usual in Her Majesty’s service, the magazines and other en- 
closed s) are formed into watertight compartments ; and 
altogether, there are no less than 61 separate compart- 
ments ; 21 in the hold proper, and 40 in the double bottom 
and bunkers. The various partition bulkheads just 
mentioned of course contribute largely to the structural 
strength, especially to the transverse strength ; and this 
must be kept in view when examining the framing. In 
some respects the system of framing adopted in the Iris 
resembles that commonly used in iron vessels of the Royal 
Navy, but in other respects it is novel. It may be said 
that the arrangement of the framing has been governed by 
the desire to efficiently stiffen and support the compara- 
tively thin skin-plating, while avoiding the use of closely 
spaced transverse frames. The skin-plating is } in. thick, 
with a doubled sheer strake ; the garboard strakes are jin. 


Throughout the length of the double bottom the transverse 
frames are spaced 4 ft. a; 
bottom the spacing is 3} ft. 
framing, shown on Figs. 3 and 4, 
spaces of the bottom plat 

or 


; before and abaft the double 

y means of the longitudinal 
303, the unsupportd 
ting are kept down to 16 or 20 square 


feet, and buckling or unfairness is prevented. 





extended over the tapered portion of the longitudinal to 
strengthen the connexion. 

The inner bottom-plating is 5, in. and } in. in thickness ; 
the edge-joints are single-rivetted, and butts double-rivetted. 
It is worked flush, as is usual in ships of the Navy. Its 
vertical continuations, forming the coal-bunker bulkheads, 
are of 4 in. plating with 3 x 3 x vertical stiffeners placed 
30 in. apart. This plating is lapped and single-rivetted at 
the edges, the butts being double rivetted. The coal-bunker 
bulkh are continuous, the transverse bulkheads being 
cut off where the two systems cross one another. This is 
a departure from common practice, but has obvious advan- 
tages. For nearly one-half of the length of the ship, 
where all the principal strains have to be resisted, and 
where the largest hatchways have to be cut in the decks, 
the ship’s sides are constructed strictly on the cellular 
system, the inner and outer skins being stiffened indepen- 

ently as well as strongly connected to each other by the 
horizontal plating on deck and platforms, and by the verti- 
cal transverse bulkheads. The desire to provide coal-pro- 
tection for the engines and boilers was the primary cause of 
this arrangement ; but it might probably be imitated with 
advantage in other classes of ships. 

The outer bottom plating up to some distance above the 
bilge is worked in the usual manner with double chain- 
rivetted lap joints. Above this height the plates are flush- 
jointed at the edges, with continuous single-rivetted in- 
ternal strips ; this is purely for the sake of appearance. 
The butts are all secured by double chain-rivetted straps. 
It may be proper to state here that Staffordshire iron 
rivets are used throughout the ship, the sizes being the 
same as would be used with iron plates of the same thick- 
nesses, but the pitch being reduced slightly in the butt 
fastenings to secure sufficient shearing strength. This 











The midshi 
framing in w: 


section (Fig. 3) represents the system of 
eof the double bottom. The outer or frame 
angles are 6 by 3 by ,; : oF are made continuous from the 
first longitudinal on one side te that on the other, passin; 
through scores cut in the centre or vertical keel-plate, an 
are in continuous from the upper deck down to the 
second longitudinal. Up to the turn of the bilge the 
transverse frames below the inner skin are on the well- 
known “‘ bracket-plate’’ system, the brackets being formed 
of ,4 in. plates, and the short anglts on their inner 

being 6 by 3 by # between the keel and second longitudinal, 
but only 3 by 3 by y~ between the second and third longi- 
tudinal, where a lightened plate is substituted for a bracket. 
Within the coal-bunkers the reversed frames are 3by3 
by 7g. The centre plate keel is } in. thick, with lighten- 
ing holes in the —— between the frames; its lower edge 
is rivetted to the bar keel (iron). The longitudinals in the 
double bottom are formed of y, in. plates, with 3 by3 by } 
bars on the outer edges and 2} by 24 by .& bars on the 
inner edges, as shown in Figs. 5 to 7. Plates and bars are 
worked continuously, with butts carefully shifted and 
strapped, in the same way as is usually done in armoured 
ships. The first longitudinal out from the keel on each 
side is made w ight throughout the double bottom. In 
wake of the bunkers the light transverse framing is well 
stiffened by the lower deck stringer, and by the platform 
below the lower deck ; besides which there are longitudinals 
formed of 10 by 3} by 3} by , Z-bars (similar to those 
now used for frames hind armour in ironclads). 
These Z-bars are scored in over the 6 in. frames and 
secured to the skin-plating ; a continuous 3 by 3 by 3 le- 
bar being worked inside the reversed frames riv to 
them and to the Z-bars. A strong and simple stiffener 
is thus secured with very little workmanship. 

Outside the limits of the double bottom the framing is of 
the character shown in Fig. 4. It closely resembles that 
described for the coal-bunker spaces, with the addition of a 
floor-plate, and a gutter-plate at the middle line. Care is 
taken to scarph on the Z-bar longitudinals before and abaft 
the double bottom to the deep longitudinals within the 
double bottom. Fig. 8 and 9 show an outline of the ar- 

it. The plates of the longitudinals are gradually 





rangemen: 
reduced in depth, and a strake of the inner bottom is 








Fig. 15. 














was preferred either to using larger iron rivets, and con- 
sequently having heavier straps and laps, or to using steel 
rivets. 

Respecting the transverse and other bulkheads in the 
hold, it will suffice to say that the usual practice is followed 
in construction ; the plating is } in. and 5; in. thick, with 


vertical stiffeners 3 by 3 by } placed 30 in. apart. Single 
rivetted lap joints are used in this work. 

Considerations of durability are really paramount in the 
determination of the minimum thickness of plating that 
can be used in most of these partitions, and the gain by 
substituting steel for iron is comparatively unimportant. 

There is nothing in the deck-framing which needs to be 
described ; but it may be interesting to summarise the ar- 
rangements of the deck plating : ; 

— Deck.—A partial steel deck (} in.) on each side, 
about 8 ft. wide amidships, forming a top to the coal bunker ; 
before and abaft the bunkers this ting is gradually 
ee to a stringer about 4 ft. ah : 
al — Deck.—A stringer plate, 30 in. wide, and ? in. 

ick. 
tht)? te ine oe —— wa on (water- 

ight) } in. plating. In er }; in. plating. 

The butts of all the longitudinal tie-plating are carefully 
amen, and double chain-rivetted. 

The framing of the extremities calls for very few 
remarks. A bar-stem (iron) is used, and the bow-framing 
is of the ordinary character. At the stern the only 
unusual features are consequent upon the extreme fineness 
of form. In order to decrease the labour of building and 
the volume of internal spaces rey | to be filled in with 
cement, the bar-keel is ended about 30 ft. before the stern- 
post. The true keel from that point is really a flat plate 
turned upwards, and carried along about 6 ft. above the 
height of the under side of bar keel produced. The space 
between the flat keel and the base line is made good by 
means of an external centre-plate, a. double angle 
irons on the upper and lower edges, and wood chocks 
bolted to the sides, with frequent bracket-stiffeners in steel. 

ie a to pape pon d fine form, the 

n ti is, Owi power an ‘orm, thi 
length of external shaft tubes is about 50 ft. Each tube is 
supported by two struts or A-frames ; and the attachmen ¢ 
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of these to the hull has been satisfactorily arranged with 
only trifling additions to the framing —_ Figs. 10 to 
15, pages 302 and 303, iliustrate this feature. Under the 
very severe and repeated tests consequent upon the long 
series of steam trials there has not been the least indication 
of weakness or want of rigidity at the after part, or indeed 
at any part of the ship. Another illustration of the 
possibility of meeting great local strains by comparatively 
small, but judiciously applied additions to the ordinary 
framing, is supplied by the engine bearers of the Iris. 
Figs. 16 to 19, page 308 shows their general arrangement, 
* any detailed description is unnecessary. 

It is now about two years since the Iris was launched 
at Pembroke. She has not yet been tried at sea, but in 
trials under way, repeated dockings, and under various 
conditions to which a ship is subjected while incomplete in 
a dockyard, she has shown herself perfectly successful in 
resisting local strains. As to her capacity for resisting 
the principal strains to which a ship at sea is subjected, 
there can be no question. Her transverse strength is, as 
has been shown, exceptionally great. As to her longi- 
tudinal st h the following facts may be stated. When 
floating in still water she is subjected to hogging moments 
throughout her length. Fig. 20, page 306, shows the curves 
of weight, buoyancy, loads, shearing forces, and bending 
moments constructed in the usual manner. The maximum 
hogging moment in still water is 19,000 foot-tons, or about 
equal to »,th of the product of the displacement by the 
length. To this bending moment there corresponds a maxi- 
mum tensile strain on the upper deck of 2) tons per square 
inch. Further, if the Iris is supposed to be balanced instan- 
taneously on the crest of a wave of her own length (3C0 ft.) 
and 15 ft. high, her conditions of strain become modified, 
as shown in Fig. 20. The maximum hogging moment is then 
38,000 foot-tons (syth of the product of displacement into 
length). To this bending moment there corresponds a 
maximum tensile strain on the upper deck of about 5 tons 
per square inch, or less than one-fifth of the ultimate 
strength of the material. This is an eminently satisfactory 
result. The neutral axis for hogging is about 4A,ths of 
the depth of the ship amidships below the upper deck at the 
side, so that the compressive strains on the bottom do not 
exceed a maximum of 4.6 tons per square inch. It is in- 
teresting to notice in passing that the maximum hogging 
moments of the Iris in still water and on the wave crest 
bear to one another a. ratio differing from that of the 
corresponding moments for any ship subjected to hogging 
strains only in still water, of which the curves of weight, 
buoyancy, &c., have yet been published. Comparing her 
with the Minotaur, for example : 

Maximum hogging moment, 


Tn still { Minotaur by displacement by length - 80 





water (Iris ae °° 99 + 
On wave § Minotaur a pa + 28 
crest Iris... 99 ” = 29 
It is not y di the differences in the dis- 


tribution of weight and buoyancy, and in the forms of the 
ships which produce these results, as the corresponding 
curves for the Minotaur are before the public. 

The Iris is now practically complete, and her weight of 
hull has been ascertained. It ts to about 38! per 
cent. of the load displacement, all the fittings being in- 
cluded. On investigation it is found that the saving 
effected by using steel instead of iron may be said to be 
about 12 per cent. on the weight of hull, or about 175 tons. 
This saving renders possible a large proportionate addition 
to the coal supply. ‘The distribution of the weights in this 





vessel is as lows when expressed as percentages of the 
displacement : 
Per cent. 
Hall ee ee ove 38.5 


Rigging, armament, stores, and 


general equipment ... 13.5 
Engines, boilers, &c. ... > pee 28 
Coals... eve eee oes one 20 


100 

The percentage for weight of hull will probably seem 
high to gentlemen conversant only with merchant ship con- 
struction ; and it may be well to remark that in a war ship, 
carrying guns and torpedoes, minutely divided into water- 
tight compartments, and elaborately fitted throughout 
with reference to her special service, a large amount of 
weight is charged to the hull, to which there is nothin 
corresponding in the merchant ship. The fairest meth 
of estimating the saving of weight effected by using steel 
is, therefore, that I have adopted—comparing the Iris with 
another iron-built war ship of nearly the same dimensions 
and displacement. But it may be interesting to add that 
in looking through the details of weights for the Iris I find 
that over 200 tons of materials have been worked into the 
hull for fittings, subdivisions, &c., not required in a 
merchant ship, and if this weight be deducted, the hull 
absorbs only about 32 per cent. of the displacement, and it 
could be built, no doubt, with that weight of sufficient 
strength. 

As a matter of interest only illustrating the vastly 
different conditions under which a torpedo boat is driven 
at a speed equal to that of the Iris, the following Table is 


given : 
Per cent. of the 
_ eer oe 
Equipment ‘andcoais ... ~ rr * 


Engines, boilers, &c. 


100 
To drive the Iris at her full speed of 18.6 knots on the 
measured mile about 2.3 indicated horse power per ton of 
displacement were required. In the to o vessel over 14 
a nelly power A, ex Sie 7 Iris is a - 
ship, fully equipped, and capable of steaming near 
F000 knote at a speed of 10 knots on her own coal supply ; 


but the torpedo vessel is in no sense sea-going, and carries 
= a limited coal supply and equipment. 

he Iris gains upon the torpedo vessel in these various 
particulars, chiefly because of her much greater size, but 
when she is compared with other fast sea-going steamships 
her size is very moderate, and her s is much in excess, 
in consequence of which the expenditure of — in pro- 
portion to displacement is unusally great. This statement 
is not likely to be questioned by any one familiar with 
steamship design. The length of the Iris is also very 
moderate when considered in tion to her maximum 
speed ; but it is necessary to remember that she has abso- 
lately no ight of breadth amidships, and consequently 
has as great a length of entrance and run as many mer- 
chant steamers 80 ft. or 100 ft. longer than herself. This 
is, no doubt, much in her favour when steaming at speeds 
approaching her maximum. : . 

© sea-going merchant steamer having realised the 
measured-mile speed of the Iris, I cannot illustrate the 
matter by comparing their performances with hers. But 
turning to Mr. Froude’s paper ‘On the Comparative Re- 
sistances of Long Ships’’ in the Transactions for 1876, and 
having rd to the experiments on the model of the 
Merkara (built by the Messrs. Denny) a comparison may 
be made between her probable performance if driven at 
18 knots by twin-screws and that of the Iris—18 knots 
being about the full speed which the Iris may be expected 
to attain when fully laden. For a speed of 18 knots, Mr. 
Froude gives : 

Resistance of Merkara on «+ == 70,000 Ib. 

Corresponding effective horse power = 3870 HP. 
This is for the naked hull: if she had twin-screws, the ex- 
ternal struts and tubes would cause an increased resistance, 
which would, however, be more than counterbalanced by 
the ote efficiency of the twin-screws. Using our data 
for the Iris in order to pass from the net effective horse- 
power of the Merkara to her probable indicated horse-power 
for 18 knots, I find that the ships com about as 
follows, when the Merkara is brought to the actual load 
displacement of the Iris ;— 

Indicated 


Horse Power. 
Merkara Geren .. 8500 
Iris (actual) one oe ove -- 7500 

At the measured mile the Merkara attained 13 knots 
with 2000 indicated horse power when driven by a single 
screw ; and the Iris, although of 690 tons less displacement 
at her trial draught (3980 tons as against 3290 tons), 
required about the same power for an equal speed. It is 
of course necessary to remember that the engines of the 
Iris were then developing less than one-third of their full 
power ; but, omy fo this, the figures now given illus- 
trate the influence which the length of entrance and run 
have upon the expenditure of power at high s is, and 
show that absolute length, if obtained by middle-body, 
with only moderate lengths of entrance and run, may not 
be asource of economy at very high speeds. Mr. Froude 
has fully stated the case in his paper published in the 
Transactions for 1877. I have refe to it only as bear- 
ing upon the dimensions chosen for the Iris. 

n determining upon the dimensions and proportions of 
the Iris it was necessary to consider not merely possible 
economy of engine-power, but her|special requirements as an 
unarmoured war ship. The chief requirements additional 
to those of speed and coal-endurance were : 

1. Protection of the “he and boilers by placing them 
under water and within the side coal-bunkers. 

2. Provision of sufficient initial stability to enable the 
vessel to be safely navigated when her consumable stores 
were exhausted, or when compartments had been bilged in 
action. 

3. Moderate length, to secure handiness. 

These special requirements, and her unusually high 
speed, completely separate the design of the Iris from that 
of the swiftest ef gm | merchant steamers, and render 
it practically useless to endeavour to argue from one 
of ship to the other. Noone at the Admiralty would be 
disposed to recommend that the forms and proportions of 
the Iris should be imitated on a larger scale in the mer- 
chant service. Nor, on the other hand, does it seem pro- 
bable that a swift despatch vessel fulfilling the above re- 
quirements could be built satisfactorily on the model of the 
existing merchant steamers, having, say, ten beams in the 
length. These proportions are, no doubt, well adapted for 
merchant steamers carrying heavy cargoes, with centres of 
gravity low down in the ships, and freely using water or 
other t to preserve their mage But in a vessel 
like the Iris the vertical distribution of the weights is very 
different ; and if an armed despatch vessel were built on 
the merchant steamer model of the same displacement as 
the Iris, but with, say, ten beams in the length, I am of 
opinion that sufficient initial stability could only be q 
even in the load condition, by using ballast. This is the 
conclusion I have reached after a careful consideration of 
the particulars of many successful ocean steamers, with 
which I have been favoured by various gentlemen. Further- 
more to the best of my judgment it seems certain that the 
economy of steam — in the longer and narrower de- 
spatch vessel would be comparatively small, even if any 
were obtained as pared with the Iris. y savings 
in weight of machinery that might be made in the new 
vessel would, think, be much more than counter- 
balanced by the weight required for ballast, and the addi- 
tional weight put into the hull, if this vessel were to be 
made as strong and as stable as the actual Iris. — 

It may be said that the Iris is unnecessarily strong 
against principal strains, or that she is unn 
** stiff’’ against heeling forces. Inreply I need only say 
that with a few exceptions—such as the upper-deck plating 
—the provision against local strains and for minute water- 
tight subdivision, as well as for a reasonable amount of 





Moreover, taking into account the differences between 
merchant ship and war ship construction mentioned above, 
and the increased strains incidental to the adoption of 
greater wn oy and greater ratios of length to breadth, I 
am inclined to believe that it would be no easy matter to 
build a new and longer Iris with a less weight of hull than 
that of the existing ship, and with sufficient strength. As 
regards subdivision and “‘ stiffness,” it is clear that in a 
ship intended to be capable of fighting, there must be a 
margin against loss of stability through compartments 
beang Cosegee by gun fire or ramming, which may reason- 
ably be dispensed with in a merchant steamer. 

A minor difficulty that would have to be faced in a 
narrower and longer ship of equal displacement with the 
Iris would be the stowage of the hold. This would require 
to be entirely re-arranged as com with the Iris, if the 
engines and boilers are to be kept under water. And 
accepting the possibility of doing this by occupying a 
greater length with the machinery and boilers, it will be 
— that coal y= ion + © that in the Iris could 
t) iven to the longer ship by carrying a ter 
weight of coal. The greater length of side to Be postesied 
necessitates this, or the acceptance of a less thickness of 
bunker if the same weight of coal is carried as in the Iris. 

In ing these remarks on the dimensions and propor- 
tions of the Iris, I would not be supposed to assert that the 
ship is incapable of improvement in these respects; my 
sole object is to indicate the special character of the service 
for which she was designed, and the manner in which other 
requirements have been met eg | with the attain. 
ment of high speed under steam. [If still higher speeds were 
desired in future vessels, or if a larger coal supply were 
required, it is likely that advantage would result from an 
increase both in length and in the proportion of length to 
breadth. Greater length is, of course, advantageous in de- 
creasing pitching and enabling speed to be maintained in a 
sea-way. On the other hand, it must be accompanied by 
some decrease in handiness, although this might have to be 
accepted in order to secure higher speed and greater coal 
endurance. But I am dis to think that all the require- 
ments in armed despatch vessels for some time to come 
may be met without approaching the lengths or ratios of 
length to breadth now adopted in many of the largest sea- 
going steamers of the mercantile marine. 





THE WAVE OF TRANSLATION, 

On the True Nature of the Wave of Translation, and the 
Part it plays in removing the Water out of the Way 
of a Ship with least Resistance.* 

By J. Scorr Russe, F.R.S., Vice-President. 

THE “wave lines” of a ship, and the “‘ wave principle’”’ 
of least resistance, ‘are already so well known to naval 
constructors, that it had for many years seemed to me 
unnecessary to trouble the members of my profession with 
any further explanation on my part, either of the nature of 
the wave which removes the water out of the way of a ship, 
or of the nature and measure of the work it does in the act 
of removal. But a paper read at this Institution last year, 
and some papers printed elsewhere, have shown that it is 
still possible to misunderstand the nature of the wave of 
the first order ; to misconceive the function it performs in 
the removal of the water, and therefore to misapply it, by 
using mis-shapen forms of so-called wave lines. I there- 
fore feel it a duty, for which I am responsible, not to leave 
any important part of the fundamental truths of wave line 
construction, or wave nature, either ambiguous or obscure, 
and I must express my regret that my former explana- 
tions should have left it possible that they could either be 
misunderstood, misrepresented, or misapplied. 

In the process of removal of water out of the way of a 
ship two actions go on together. One is ‘‘ what the ship 
does to the water: this is confined to the actual contact 
of the surface of the ship with the water it forces away. 
The other is ‘‘ what the particles of water do to the other 


class | particles of water,’’ none of which are touched by the ship. 


The nature of the blow with which the ship strikes the 
water, that is the shipbuilder’s doing, that is his free choice. 
The nature of the movement the water will take, what 
direction it will select, what speed it will ya what shape 
it will assume, that is the matter over which the shipbuilder 
and his ship have no control. The blow once delivered to 
the water, all its consequences depend on the choice of the 
particles of the water, as to what each particle will choose 
to do, each and all acting in harmony with each other. 
Now it appears to be the thought of some of the able 
writers on this subject, that if the blows delivered by the 
ship to the water it strikes are given in the right quantity, 
the quality of the blow matters little, the direction in which 
the water particles are hit matters little, the speed hit 
matters less; what is wanted is a given blow of a given 
quantity. They think, and say, that all the rest will be 
settled among the particles themselves, and need not 
concern the ship or its builder. This I shall show you to 
be a fatal error, in thought, in fact, and in practical work. 
Is is an error of old tradition, disproved by fact of expe- 
rience, and tests of experiment over and over again, but 
it is a natural thought, a seductive error, and its adoption 
— to resist. The nature of this error is as 
follows : 

Take two ships’ fore bodies alike in length, breadth, and 
, alike in size of midship section, differing only in 
shape of line ; let the one have water lines like the wave 
form, the other water lines like a fish; then, say they, so 
long as the bulks in water at like distance from the bow are 
alike, the one shape is as as the other, the resulting 
work done by the ships be alike. 

What is to be said in this case is that the mass to be re- 
moved is in both alike, and that the manner of the removal 
is quite different. What is not true is, that the manner of 


* Paper read at the twentieth session of the Institution 
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removal does not matter, so long as the bulks of matter to 
be moved in equal times are alike. I have, therefore, now 
to show the important truth that the manner of the re- 
moval is of the essence of the result at which we aim, 
namely, how to remove the given mass of water out of the 
way of the ship with the least possible resistance. 

For this purpose, Isay: — 

We must remove it to the right place. 

We must take it along the right way. 

We must place it at the right time. 

These are the essence of our aim and the conditions of 
our work, which cannot be neglected. 

I. Thus we have three problems to work out. 

1. Where shall we place the removed water ? 

We must place it where there is room. Is that room 
below the water? No, is the answer, below is full. Is 
there not room on either side? No, all round about is 

y fall. The answer then is, Nowhere under water 
is there any room ; is full. 

Now the essence of the proposed work for this erroneous 
form of ship must to remove the water downwards 
and eutwards into the space where there is no room left for 
more. 

Our conclusion, therefore, isthat the only place into which 
the water in the way of a ship can be removed must be 
into the space left free, and that space is above the level, 
not below. 

II. The second problem is : 

Along which path shall we remove the water in our way 
out _ the free space left for it, on the top of the water 
level? 

To think out this, let us take a smooth basin of still 
water. Let us take an instrument—say, a spade, an oar, 
or any thin flat plane—through which we can get the water 
out ofthe way. Next, let us ask, which is the nearest way 
to the top of the water level? The answer is straight up- 
wards, or square to the water’s upper face. 

If we simply lift or raise the hindering matter right up 
out of the way, and lay it on the top of the water, while 
our ship takes the vacant place below, that will do what 
we want, and that will be the shortest way. 

Straight up to the top of the water is the shortest way to 
take the obstructive water into free space. 

III. The third problem is, at what time shall we take the 
water up there, and how shall we lay it out on the surface 
so as to offer little or least obstruction by being up there 
all around ? 

Now it is plain that if each portion of water, as sent up- 
wards, were left just above where it was found, only on the 
surface, this water once moved might have to be removed 
a second time. This gathering of removed water is a cause 
of great hindrance in ill-shapen ships. 

We must therefore make a serious study of the time 
= place of removal, and the wise means of effectually 

oing it. 

The wave ape po shows how to time the removals, and 
the wave form of ship gives us the tool to do it. 

The matters discussed in this paper are therefore two- 
fold: the nature of the ship, and the needs of the ship- 
builder ; and the nature of the wave, and the work it does 
in removing the water out of the way of the ship. 


Part. I.—The Nature of the Ship, and the Needs of 
the Shipbuilder. 


It isthe purpose of a ship to carry valuable cargo from 
place to place with least waste of time, work, and money. 

Itis the duty of the shipbuilder to plan and build hi 
ship so that it shall fulfil the purpose of the owner, and do 
his work with least loss of time and least expenditure of 
power and money. 

Now, in all ships, and especially in steamships, the pro- 
pelling power is a principle element of cost. Large sail 
power means large sails, masts, and yards, and large crew. 
Large horse power means large room for boilers, engines, 
and fuel, and each ton of room taken from cargo and 
given to fuel involves double loss—cargo kept out and coal 
spent. 

Great propelling power, large steam machinery, great 
coal stores, are the great sources of cost and causes of 
waste in modern commerce on the ocean, and the matters 
we have to examine are: How we can economise the re- 
sources of the shipowner, in better engines, better boilers, 
better ships. 

_ How to economise the power which propels the ship by 
size, proportion, and shape of ship is the special problem 
before us as shipbuilders; and that a put in other 
words, is, to give the ship that shape which will go 
through the water at the wanted speed with least waste of 

ower. This shape we are accustomed to call the form of 
east resistance. This form Sir Isaac Newton took to be 
the paraboloid. I have ventured to propose the wave-line 
as more perfect for ships. I propose on this occasion to 
show, by proceeding from established axioms of physics, 
by incontestible principles, and by geometric method, that 
the wave form of ship enables the power propelling 
that ship to go fo through water on the surface 
of the sea, so as to experience least resistance from the 
— outside, and to waste least of the propelling power 
mside. 

I. Axiom.—Change of place with least resistance implies 
—using least moving force, following the shortest path, 
removing the least mass to the lenet ictanse. 

II. Axiom.—Waste of power means—moving more mass 
than necessary, giving it more speed than necessary, 
Cal it farther than necessary. 

III. Problem.—Thus the problem becomes—how to take 
® given mass (of water) out of one place (where it rests), 
and carry it on to another place, with given speed, and to 
leave it in that new place perfectly at rest. 

To carry it farther or faster than needed, or to part 
from it while still in motion, is so much power wasted. 


IV. Principle.—To move a given mass of matter out of 





rest into motion by least force implies a constant force and 
accelerating velocity like that of gravity. To restore the 


moving mass to rest requires constant force, 
diminishing that velocity to 3. 
V. Experiment.—Take Attwood’s gravitation apparatus. 


A mass of matter, in halves, joined by a thread, 
=e over a wheel, and at rest, the whole mass weighing 
s. 

Take a mates force of two ounces (a 2 oz. weight), and 
lay it on one side ‘for one second of time, it will move the 
whole mass one foot (nearly). Take it off and place it 
(at once) on the other side, and leave it there ; it will move 
the contrary way, and will be found at rest in the new 
place at the end of another second of time. 

VI. Conclusion.—The whole of the moving force stored 
in the two ounces was used in the first phase of motion in 
producing the due - ey The force thus spent carries the 
whole mass through a second foot in the same direction, 
and is thus utilised to carry the mass along a double dis- 
tance, while it at the same time restores the two ounce 
force to its original place. 

Here we have an example of the simplest manner in 
which a moving force may be applied to remove a mass 
in repose from one place and carry it by a uniform force 
with accelerating speed to another place, and then to carry 
it with retarding s and uniform force to a further 
place twice as far off, and deposit it there at rest. 

In this process there is no waste and no loss of power, 
and the work done cannot be done by less power or with 
less waste, and therefore may be said to be done with no 
loss and no waste, or at minimum cost. 

VII. Application.—This leads us to the case of the ship, 
and her action on the water. The ship, by help of her 
driving power, has to remove the water out of her way. 
The shipowner wishes this done with the least waste. The 
— has to find how to do it. 

# us consider this matter in its simplest form. A mass 
of matter is lying at rest in the way of the ship. It has to 
be moved out. The questions which arise are—which way 
shall we take it out? and, where shall we lay it? Thus 
come the questions : 

Questions.— Which is the shortest way? 

Which is the convenient place ? 
What time have we for the work? 

Take a surface of still water. 

Take a water-way to be cleared, 6 ft. deep and 12 ft. 
wide, one half on the right of the stern, the other left. 

Here, then, we see that for each foot of the = way 
forward a mass of 36 cubic feet, weighing 36 lb. by 64 lb. 
to be cleared out, lifted up, and laid out above the water 
level. That is the work to be done. 

Question I.—Which is the shortest way? 

It is plain that the shortest way out is the line perpen- 
dicular to the surface level, the upright path. so it is 
plain that all other ways are already occupied by other 
water, which we have no need to move. The only free 
space left to us is the vacant room above the water, and 
every other way is hindered by a longer column of water 
already occupying it. This is the shortest way out, and it 
is the only free way. 

Question II.—Which is the convenient place ? 

The convenient place must be either that which is nearest 
to hand or that which ee pee least effort to place it there. 
Now both of these depend on the ‘‘ manner of distribution’’ 
of the mass when removed. If the mass be piled up to a 
great height the distance it must be raised above the level 
will be “‘ added to”’ the'distance raised from below, there- 
fore this height of removed mass above the level should be 
minimised. If the whole mass in the ship’s way were lifted 
above the level without change of shape, its centre of gravity 
would be raised twice as high as its depth in below 
the level. This excess has to be minimised. Th way to 
minimise this excess is ‘‘to contrive how to spread out 
the displaced mass over the largest area,’’ so as to reduce 
the added height to a minimum. 


Question III.—What time have we in which this work 
may be done? 


he time given is involved in the speed wanted for the | been 


ship, and the length allowed forthe entrance. If the 7 
wanted were ten miles an hour, or 16 ft. a second, and the 
length of. ship’s entrance were 32 ft., all this work of re- 
moval and distribution would have to be completed in two 
seconds of time ; but if the length of entrance allowed were 
64 ft., there would be four seconds of time allowed for it ; 
and with an entrance of 128 ft. long eight seconds would 
be the time given for the work. 

VIII.—Mechanism of Execution.—We have now got the 

roblem clearly defined. The water in the ship’s way must 
raised up vertically to give the shortest way out. It 
must when raised up be spread wide out in order to diminish 
the vertical height toa minimum. The maximum length 
of time must be given for the work by length of ship’s 
entrance, or length of bow. 

The wave-line bow is theform which generates the perfect 
wave of the first order. This wave raises the water below 
the level in a vertical column upwards along the shortest 
way out, and, without further cost epreads it horizontally 
over a wide wave area, at a small height, and the wave line 
gives the necessary length of time to do the work without 


waste. 

IX.—The manner in which the wave-line bow generates 
its wave of translation is as follows : 

The upright stem, made fine and thin, may be considered 
as a vertical plane at right angles to the cross section of 
the ship, and having motion given to it outwards from the 
central line of keel. The motion of the ship forwards, in- 
troducing a wider part of the ship, gently moves this vertical 
plane outwards, and gently moves the water outward with 
it. If the time given were aes secnats for the length of 
bow, and 100 in. for half the of the ship, then in each 
half second the vertical plane would push the water aside 
through the following spaces in successive times : 








Half seconds— 
1, 2, 3, 4, 5, 6, 7,8; 9, 10, 11,12, 18, 14, 15, 16. 
movals— 
1, 3, 5, 7, 7, 8, 9, 10; 10, 9, 8, 7, 7, 5, 3, 1. 
Total times— 
+, 1, 1k, 2, 23, 8, 3}, 4; 4}, 5, 54, 6, 64, 7, 7h, 8. 

Total removals— 

1, 4, 9, 16, 23, 31; 40, 50; 60, 69, 77, 84, 91, 96, 99, 100. 

Thus the vertical side of the bow becomes water mover, 
and the generator of the wave of translation. 

These successive removals by the bow generate at 
each instant the heights due to the velocities of removal, 
and these heights are the isochronous heights of the wave 
of translation. ° 

Thus the work the ship does is to generate the wave of 
penne ap Nene waet ms wave - translation does is to 
carry 0 e moved volume of water horizontally and 
laterally out of the way. : 

For all that follows we must seek our knowledge from 
the study of the nature and laws of the water motions in 
the wave of translation. And we must look there also for 
the influence of depth of the sea on the dimensions and 
velocity of the wave of translation. 

(To be continued.) 


FOREIGN AND COLONIAL NOTES, 
Locomotives in Belgiwm.—The administration of the 
Belgian State Railways has let contracts for about 54 loco- 
motives. The locomotives have been s between seven 
Belgian manufacturing firms. They are of four different 
types, viz., passenger engines for heavy gradients, goods 
engines, ten-wheel tank engines, and shunting engines. 





Algerian Ironstone.—The iron ore deposits of Algeria 
a grouped as follows: The Eastern or Béne, the 
middle or , and the ae ge The Bone district 
has the scene of the grea activity ; the mines of 
the 1 com , the Mokta-el-Hadid, being 
situa’ there. The most important mines of this 


company are the Keharezas and the Mokta-el-Hadid. The 
former, seven miles from the excellent port of Béne, pro- 
duces hematite of superior —_ , both from un and 
and open air workings. The mda Mokta-el- id, 20 
miles from Bone, ships as much as 500,000 tons of 60 per 
cent. magnetite annually. It was Ae mm as early as 1845, 
and is connected with Béne by a railway. The deposit is a 


lenticular body, partially depreciated b careous or 
aluminous . The main vein is 24 ft. to 30 ft. thick, 
and 400 ft. long. 


Telegraphy in South Australia.—The number of local 
yo eo transmitted in South Australia in 1878 amounted 
to 376,244. Of intercolonial telegrams 99,170 were sent, 
= a total of 475,414, for which cash to the extent of 
— : was _—— in the colony. Led ee in 1877 was 
rather less, as the corresponding number o! ae 
1877 was only 408,477, and the cash receipts 27,7471. It 
will be seen that there has not only been a augmenta- 
tion in the number of telegrams, but there has also been 
an increase in their average length. The enlargement in 
the business between the Australian colonies and Europe 
is icularly striking, the excess in the telegrams sent 
both ways amounting to about 5000. The cable m 
forwarded by all the Australasian colonies reached a of 
8070 in 1878, the telegrams received numbering 9371. The 
revenue from messages sent from Australia in 1878 was 
69,3961., and from those received in Svuuth Australia 
77,9491. Of these sums the proportion retained by South 
Australia was 16,3911., more than 33001. beyond the 
amount falling to her share in the previous twelve months. 
Not many stations were opened in South A ia during 
1878, but several townships were placed in communication 
with Adelaide. They are Minla ton, Reedy Creek, Marrabel, 
Lucindale, Y: illa, Hallett, and Government Gums. The 
amount of work done in the South Australian telegraph'con- 
struction department in 1878 was considerably less than in 
1877, but in that year it must be remembered the line to 
Western Australia was carried out. Itis satisfactory to learn, 
however, that 1564 miles of line and miles of wire have 

added to the —- % e new lines con- 
structed have been from Kooringa to Hallett, 19 miles ; 
Kapunda to North-West Bend, 513 miles; Ardrossan to 
Port Victoria, 30 miles ; and Adelaide to Blumberg, 
252 miles ; additional wires have been laid between Moon’ 
and Kadina to the extent of 18} miles; Adelaide and Port 
Pirie, 168 miles ; and Adelaide and Port Augusta, 220 miles. 
Thirty miles of posts have also been put down between 
Adelaide and Port Augusta to carry a portion of the 
duplicate system of wires. The additional accommodation 
provided in these directions has been rendered absolutely 
necessary by the amount of business now done, especially 
between Adelaide and Port Augusta, the latter place being 
the great central repeating station for messages from Port 
Darwin and Western A . There are now in South 
Australia 4217} miles of congmeet lines and 5686} miles of 
wire, and the lines authorised, or in course of construction, 
will add 764 miles to this already large total. In addition 
the colony has practically undertaken the construction of 
a duplicate overland line to the Queensland boundary. 
The record of interruptions during the past year gives 
special emphasis to the unique difficulties under which the 
longer telegraph wires in South Australia are maintained. 
There have been no less than nineteen interruptions of over 
Seem annoed by backs Aven, lightning, Sects, tooms falling ox 

cay ’ ning, ’ on 
the line, and specially ty the action of the natives, who 
amuse themselves by cutting the wires and playing other 
pranks. 

A Mewican Exhibition.—The Mexican Minister of Public 
Works, General Vicente Riva Palacois, has given orders 
for the erection of a building for an internatianal exhibi- 
tion which is to take place in Mexico in 1880. 


i ra, 8 all materials for the construction 
purchased in the United States. 
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NOTICE OF MEETINGS. 

INSTITUTION OF CrvIL ENGINEERS,—Tuesday, April 15, at 8 p.m. 
There will be no meeting, it being Easter Tuesday. 

INSTITUTION OF MECHANICAL ENGINEERS.— At the Institution of 
Civil Engineers on Thursday, April 24, and Friday, April 25. The 
chair will be taken at 7 o'clock p.m. by the President, The follow- 
ing papers will be read and discussed: “On the Effect of Brakes 
upon Railway Trains" (third paper); by — Douglas Galton, 
C.B., Hon. D.C.L., F.R.S. “On Recent Brake Experiments upon the 
Lyons Railway ;" by M. George Marié, of Paris. “On the Con- 
struction and Comparative Merits of the Safety Lamps generally in 
use;” by Mr. Alan C. Bagot, of London. “On Electric Lighting” 
(first paper); by Dr. J. Hopkinson, F.R,S., of London. 
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THE INSTITUTION OF NAVAL 
ARCHITECTS. 

WE referred in our article last week to the new 
rules for the election of Members of Council that 
were to be proposed by the Council for the approval 
on Friday last of the members and associates of the 
Institution of Naval Architects. Those rules were 
duly passed by the general meeting in the form in 
which we printed them last week and now form an im- 
portant part of the laws and regulations of the Insti- 
tution. In referring to these new resolutions in his 
address on Thursday, the President, Lord Hampton, 
intimated his desire to be relieved of his office, 
which he has now held for twenty years, but we are 
glad to know that in consequence of urgent re- 
quests the noble lord has consented to remain Pre- 
sident for another year. This will give the Council 
ample time to mature their arrangements as to 
the future election of presidents, in the event of 
Lord Hampton then insisting upon vacating the 
presidency. 

The meetings this year were well attended, and 
on the whole passed off better than might have been 
expected from the appearance of the programme, 
and this remark is true more especially of the second 


day, the Friday’s proceedings. Sir Spencer Robin- 
ay paper “On Armoured Ships of War,” and 


Barnaby’s paper ‘On Armour for Ships,” 
were discussed together, but the discussion was 
not up to the form of previous years when the 


subject of ironclad ships has been brought for- 
ward by high authorities on the subject. The 
discussion on Mr. Merrifieid’s paper ‘‘ On Naval 
Guns,” which followed, was somewhat better, but 
scarcely came up to what might have been ex: 
considering the absorbing interest taken in this sub- 
i since the explosion of the Thunderer’s gun. 

ursday evening’s proceedin although well 
attended, were not very su ul. So much time 
was taken up by Mr. Scott Russell’s paper, or rather 
the first part of his paper, ‘‘ On the True Nature of 
the Wave of Translation and the Part it plays in 
removing Water out of the Way of a Ship with 
least Resistance,” that only two out of the five com- 
petitive papers on ‘Screw Propulsion” for the 
Carlyle gold medal could be read. Indeed, one 
of the greatest blunders of the meetings was the 
placing of Mr. Scott Russell’s two enormously 
ong papers in the first place on each of the two even- 
ing meetings. Mr. Russell has, as was remarked 
at the meetings, done good service by his wave in- 
vestigations, but he had nothing new to advance, 
and the best hours of these meetings cannot be 
taken up by a repetition of what has been done and 
said over and over again years ago, without a loss 
to the prestige of the Institution and seriously 
lowering the attraction of the meetings to the many 
professional men who come up from various parts 
of the country in the hope of gaining some addi- 
tional knowledge of their business, It was re- 
gretted by many that papers of modern interest 
like that of Mr, Dixon Kemp’s on “Yacht Re- 
gistry,” and that of Mr. Humphreys ‘‘On a 
Method of Mechanical Shipbuilding,” did not come 
on earlier than Saturday, and that Mr. Scott 
Russell did not share with Admiral Selwyn the 
honours of the boat-race day. 

The two “Screw Propeller” papers read were 
Mr. Maginnis’s and Mr, Griffiths’, neither of which, 
however, received a very enthusiastic reception. It 
was objected to the prize paper that it dealt chiefly 
with details on the construction of propellers, and 
that it said or proved little connected with its 
efficiency, which was the real point aimed at by Mr. 
Carlyle. It was not, however, — out that by 
not keeping to the terms of the itution circular 
the writer avoided the fallacies contained in that 
circular, and the paper had at least a merit in this 
respect which should have been appreciated, and 
doubtless was appreciated, by the Council. 

On Friday morning the two papers on Her 
Majesty’s ship Iris led to good discussions. 
Wright’s paper on the steam trials of this vessel 
was of much interest. After giving the results of 
the different trials with the different screws, the 
author gave investigations showing thatthe enormous 
difference in the performance of the vessel with the 
different sized screws could not be accounted for 
entirely, or even nearly, by the friction of the 
blades in passing through the water, and the failure 
in speed with the large screws was in great part 
attributed to the [augmented resistance of the vessel 
caused by the screws reducing the water pressures 
on the stern, After the paper an animated discussion 
took place, which cen round the’question of the 
relative worth of measured mile trials and trials at 
sea. This was to a certain extent a continuation of a 
discussion of the previous night which arose on Mr, 
Maginnis’s paper. Replying to some remarks made 
by Mr. W. Denny, of Dumbarton, Mr, Harland, of 
the firm of Harland and Wolff, of Belfast, the 
builders of the White Star Line of steamers, ex- 
pressed his opinions strongly on the worthlessness of 
measured mile trials, and in favour of trials at sea 
as the only satisfactory test of a ship’s performances. 
Mr. Harland’s objection to measured mile trials 
was based on the fact that picked coal was used, 
picked stokers employed, and jockeying sometimes 
resorted to. According to Mr. Harland’s theory 
measured mile trials are resorted to only by men of 
figures, whereas practical men believe only in the 
performances of the ships under their ordinary 
working conditions. He appeared to forget that 
the latter is a trial all ships have necessarily to 
undergo, whereas the former is something in addi- 
tion to this, and carried out for the p of 
obtaining accurate data valuable alike for practical 
as well as scientific pu 8. 


On the following day Mr, Denny had an op- 
portunity of replying to this. And here we may 
remark upon a curious feature of this year’s pro- 
ceedings arising out of the injudicious arrangement 
of the programme by the Council. Papers on 
propulsion instead of being kept together and dis- 





cussed together were so interspersed with papers 





on construction and other matters that the discus- 
sion more than once went back over the same 
ground. This, as we have said, was the case on 
= of me — — 

. Denny vigorously defended the accuracy of 
the steam trials made on the Clyde, and repudiated 
any idea of jockeying. And the strength of his 

tion in this res was best exemplified by the 
act that the trials made by his own and other firms 
are conducted not under the contract, and for the 


purpose of satisfying the owner as to the speed of. 
the ship, but for the satisfaction and information of 


the bul ers themselves, and are often made with- 
out the presence of the owners or their representa- 
tives. The object of having picked coal and picked 
stokers on measured mile trials is of course to elimi- 
nate as far as possible two uncertain quantities, and 
to render it possible to make useful comparisons be- 
tween one measured mile trial and another. Nobody 
who has attempted to get accurate data concerning 
steam propulsion can doubt that measured mile 
trials afford the only true means of ascertaining it, 
and the ground taken up by Mr. Harland was ut- 
terly untenable, as was evident to the meeting ; but 
the point with which he urged his views was never- 
theless highly appreciated. Mr. Harland has done 
much to advance steam navigation, but he would 
have done much more in that direction, and at the 
same time have advanced still more the reputation 
of his firm, if he had been able to take a more 
liberal and correct view of the real importance of 
scientific data obtained with a rigid regard to ac- 
curacy, and the exclusion of uncertain and disturb- 
ing elements, There is surely something unsatis- 
factory in the state of Belfast when we find the 
chief representative of its shipbuilding interests in- 
veighing against shipbuilders looking to education 
as a means of advancing and improving the achieve- 
ments of naval architecture. 

Still more out of date, and out of harmony with 
the experience of the present day, were the remarks 
of Mr. Samuda on the following paper, ‘‘ On the 
Structural Arrangements of HM Steal Corvette 
Iris,” by Mr. W. H. White, of the Admiralty. The 
ship being built of steel, the discussion drifted, to 
some extent, on the use of steel for shipbuilding. 
Mr. Denny commented on some of the regulations 
of Lloyd’s ister, which requires any steel plates 
or angles to annealed whenever any part of it 
has been heated for the Pg of bending or 
flanging, and pointed out the difficulty that would 


Mr. | arise in applying a similar rule to beams when the 


— arm ey has been heated for the gece of 
welding in the t piece necessary to complete 
the beam knee. Mr. J sn explained that the reasons 
which induced Lloyd’s to make this regulation for 
plates and angles was the fact that steel plates and 
angles, which had been partially heated for the pur- 
s of flanging or bending, had frequently been 
ound afterwards to crack without any apparent 
cause where they had not been subsequently 
annealed. The precautions adopted in this respect 
by Lloyd’s were commended by Mr. Barnaby, but 
Mr. Samuda launched out into a most violent attack 
upon Lloyd’s as being the means of hampering the 
use of steel for shipbuilding, and as being, moreover, 
the cause of inferior iron being used for shipbuilding 
pu , and, test sin of all, as not confining 
themselves to the mere work of inspection, but as 
interfering with the noble right of the British ship- 
builder to do as he likes in his own yard, by taking 
upon themselves the duties of direction as well as 
inspection. 
. Samuda omitted to point out that the powers 
exercised by Lloyd’s arise from the volition of the 
shipowner, rather than the shipbuilder, and that 
they are called into play by the consent of both 
arties acting under their contract, as an indepen- 
jen body whose guidance is oftentimes of service 
to the shipbuilder, whose protection is of still 
more importance to the shipowner, and whose inter- 
ference is unquestionably conducive to the facilita- 
tion of business and to the best interests of the 
mercantile marine. 
Mr. Samuda, like most other of the Thames ship- 
builders, has unfortunately of late Pam participated 
but slightly in the production of vessels for the 
mercantile navy, and complaints from him in this 
direction naturally carry less weight than they would 
from builders in the north that turn out tens of 
thousands of tons of merchant shipping annually, 
and he can scarcely be in a position to speak on the 
uality of iron used, with the authority of Lloyd's, 





e were glad, therefore, to learn from Mr. John 
on the following day, during the discussion of 
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Mr. Humphrey’s paper, that the strictures passed by 
Mr. Samuda on the quality of iron used by his 
brother shipbuilders was entirely unfounded and in- 
correct, loyd’s surveyors can surely have no 
stronger interest in shielding the successful and 
enterprising shipbuilders of the north than Mr. 
Samuda has in blackening them, and we agree with 
Mr. John that their surveyors, circulating as they 
do through all the poe of the country, have a 
better opportunity of ascertaining the facts than 
any individual shipbuilder in the country, even if he 
were one actively engaged in the production of mer- 
chant ships. 

So far as the action of Lloyd’s on the question of 
steel is concerned, we have testimony on all sides 
that they have grappled with the question promptly 
and intelligently, and one of the last reproaches to 
which they are open is one of having hampered 
its introduction. The able reports from their 
principal surveyors which have been published in 
our own columns are a sufficient refutation on this 
point, and the reproaches levelled against them on 
this score tend rather to show that those resorting 
to them have not been kept acquainted with the 
facts of the case, ; 

Among the other papers which call for special 
notice are those of Mr. Cotterill, M.A., F.R.S., ‘‘ On 
the Mimimum Area of Blade in a Screw Propeller 
necessary to form a Complete Column ;” and one by 
Mr, J. S. Milton, of Lloyd’s Register, ‘‘ Un some of 
the Causes of Failure of Crankshafts in Marine 
Engines,” but space precludes the possibility of our 
dwelling upon them at the present moment. 








PROVINCIAL SANITATION. 

In previous articles on the subject of provincial 
sanitation we have, in the present volume, restricted 
our remarks to places situated in the West Riding 
of Yorkshire, where the industrial element is most 

rominent and the agricultural practically absent. 

he following remarks and statistics refer to two 
districts in the Midland counties, where manufac- 
turing and other occupations are to some extent 
mixed together. ‘ 

Aston Manor is a district bordering on Birming- 
ham, and, as in former years, we are indebted to the 
report of Dr. May, the medical officer of health, for 
the statistics we make use of. It would appear that 
at the end of 1878, according to the School Board 
returns there were 10,032 inhabited, and 1191 empty 
houses, and from these and other data, the medical 
officer assumes a total population of about 49,500 

rsons, The annual rateable value for the district 
in 1878 was 125,800/. But not less than 6600, or 
three-fifths of the whole number of the houses, 
were rated at or under 10/. Consequently, such 
houses cost little less for public cleaning, lighting, 
&c., and more for sanitary supervision than those 
rated at four or five times that annual amount, 

In the construction of new houses it is required 
that all sink-drains shall be disconnected from the 
sewers, and where that unfortunate midden system 
is adopted, the privy and ashpit shall be built ac- 
cording to a plan already authorised. The marriage 
and birth rate for 1877-78 were both lower than 
the average, which was partly accounted for by the 
badness of trade. The death-rate of 1878 was 2.6 
higher than that of 1877, and about one per cent, 
higher than the average of seven years. In 1877 
the death-rate of Aston Manor was 17.5 per 1000, 
while last year it amounted to 20.1. Among the 
causes of this increase have been the great extremes 
of temperature during 1878. An unusually hot 
summer caused great infantile diarrhcea, while the 
cold of last winter swelled the mortality from chest 
complaints and old age. But the principal cause of 
the increased mortality was found in the prevalence 
of infectious diseases among children. Out of the 
total of deaths (990) for the year about one-third 
were those of infants under one year old, viz., 324. 
Of those between one and five years 929 died; from 
five to sixty there were 287, and at sixty and up- 
wards 150 died. We shall draw attention to the 
ye Sy of infantile mortality at Worcester when 

ealing with that city. 

It appears that in the Aston Manor district there 
is an excess of children of all beyond the ordi- 
nary average of England and Wales, for the same 
population, Of course this fact to some extent 
explains the great infantile mortality, because chil- 
dren are naturally more subject to the attacks of 
zymotic disease than adults. Scarlet fever and 


whoo . icularly prevalent i 
ist or dating 1878 We eat to see that 


Aston 








Dr. May draws attention to the danger incident to 
the present system of School Board education, by 
which thousands of children are huddled together 
for hours in the day, thus not only increasing the 
danger of infection, but exposing delicate children 
to contagion for the first time. We haye already 
called attention to what may be termed this raising 
of hot-beds of disease in the body, under the pre- 
tence of benefiting the mind. Until the authorities 
of the School Board system become convinced of 
the truth of the old saying, mens sana, &c,, we may 
expect elementary schools to be and to become 
dens of zymotic diseases. 

It appears, out of a total of 324 deaths of infants, 
already stated, that 92 were due to zymotic diseases ; 
bronchitis and lung diseases caused 56 deaths, and 
debility, &c., 79. All these are more or less pre- 
ventible. The deaths of all ages in Aston for 1878 
from the seven principal zymotic diseases were 246, 
an increase of 90 over 1877, and amounting to 
25 per cent. of all the deaths (990). Deaths from 
scarlet fever, whooping-cough, and diarrhea, showed 
the largest increase for the year, as they did 
generally throughout England and Wales during 
1878. Smallpox was unknown in Aston during 
1878. From scarlet fever 84 deaths occurred, being 
30 more than in 1877. Diarrhoea caused 6] deaths, 
against 39 in 1877. Whooping-cough fatality rose 
from 25 in 1877 to 60 in 1878. Typhoid fever alone 
showed a decreased fatality. 

It appears that during the year careful attention 
was paid in regard to sanitary inspection, the pre- 
vention of the spread of infectious diseases, dis- 
infecting, and cleansing houses. About 1000 
nuisances were reported and abated during the year. 
Slaughter-houses were carefully inspected, and other 
details of sanitary work carried out. In regard to 
water supply, several contaminated wells were 
closed, one of which had been a special cause of 
infantile diarrhcea. It appears that there are about 
6000 middens to 11,424 houses, but allowing for 
empty houses, the average would be about one 
emptying of each midden annually. Why should 
such a nuisance exist at all in a populated district? 
It will be seen, however, that in the middle and 
northern districts of England, from our previous 
articles, the midden seems a cherished institution 
in the manufacturing counties. 

His report, as Dr. May states, is by no means 
encouraging. But much may be laid to the bad 
state of trade, to consequent poverty, to extremes 
of temperature, and other causes that may in future 
years be absent. Still, it is much to be regretted 
that we have not yet discovered means of sure pro- 
gress, in place of the fitful improvement and relapse 
that this and other reports show to occur. 

We next turn to Worcester. Early in last 
February, Dr. Strange, the medical officer of the 
district, presented a special report in regard to in- 
fantile mortality, which he states to be excessive, 
and far beyond what it ought to be. The facts and 
arguments are not suited for our columns, but, put- 
ting aside criminal causes, to which he ascribes many 
deaths, he especially draws attention to the effects 
of ignorance, neglect, and poverty of the parents. 
It appears that in 1877 there were in the Worcester 
districts 177 deaths of children under one year old, 
and 108 of children over one and under five years, 
making a total of 285, being 34 per cent., or more 
than one-third of the whole number of deaths. But 
Dr. Strange states that the city is well drained, has 
a good water supply, and other sanitary conditions 
are well attended to. It appears in fact that with a 
recent diminution of deaths from zymotic diseases 
in 1878 against 1877, still the increase of infantile 
mortality was great. In the last quarter of 1878 
the total deaths in Worcester increased, the chief 
being due to various affections of the respiratory 
organs; the young and old especially suffering. 
Diphtheria caused but four deaths, and typhoid fever 
but three. It appears that the total number of 
deaths for the quarter was 30.67 1000. The 
zymotic rate was 3.2 per 1000, while the zymotic 
rate for the year of Aston Manor already referred 
to, was 5.0. During 1878 the zymotic rate for the 
large towns of England was 4.2, so that Worcester 
stands well in this respect. 

In other reports that we have received the 
effects of extreme temperatures are evident. During 
the first ten weeks of the present year the mortality 
of London was over 26, against about 22 per 1000 in 
1876 and 1877 at the same period. 


Taking one of the 
most favoured spots in the ki Sitios in 
Kent, the average during Fe last rose to 
above 22 per 1000, which isa very high rate, but 


that has been ascribed to the excessively low tem- 
perature and bitter east winds, 
It is very evident, therefore, from all the preced- 
ing reports, that whatever we may attempt by im- 
roved drainage, water supply, &c., the meteoro- 
ogical influences on health remain to a certain 
extent an obstacle to our progress. But from this 
fact we derive an argument for still further exertion. 
If the heat of summer produces a great mortality in 
regard to diarrhoea, we have an additional reason for 
improving our water supply, together with the 
ventilation of our houses, sewers, and drains. In 
fact, had it not have been for the great improve- 
ments that have taken place in these directions 
during the last few years, the death-rate of London, 
and of some of the large provincial towns, might 
have been greater. Neglect of such matters, as in 
1832 and subsequent years, in hot summers, pro- 
duced cholera and other diseases that have proved 
terrible plagues in the land. Possibly by what we 
have done we have minimised the chance of such 
visitations, and such success should stimulate every 
authority, so far as science can suggest, to make the 
recurrence of such epidemics all but impossible. 





THE WALLACE-FARMER ELECTRIC 
LIGHT. 

Awonest the many systems of lighting by electri- 
city which at present are claiming the attention of 
the public, there is one which possesses many dis- 
tinguishing features that mark it off from its rivals 
in the field, but of which very little notice has 
hitherto been taken in the scientific press. We 
refer to the Wallace-Farmer system, introduced 
into this country from the United States by the 
enterprise of Mr. W. Ladd, who is so well known, 
not only as one of the foremost opticians in the 
metropolis, but as a pioneer of many years’ ex- 
perience in the invention and introduction of 
magneto-electric and dynamo-electric machines. 
Public favour in this country seems to be divided 
between the merits of the dynamo-electric machines 
of Gramme and Siemens as generators of the electric 
light, A similar race for popular approval appears 
to be in progress in the Unites States, where favour 
is divided between the machines of the ‘‘ Wallace- 
Farmer” and of the ‘‘ Brush” manufacture. Of the 
latter none have, as far as we are aware, been yet in- 
troduced into England, so that we know of their 
merits merely by report. Nevertheless, in the im- 

ortant experiments made on behalf of the Franklin 

nstitute, the high quality both of the Brush and 
the Wallace-Farmer machines was well sustained, 
though all the reasons for preferring them to the 
Gramme machine are not mentioned in the report. 

The system of lighting, which it is now our 
business to introduce to the readers of ENGINEERING, 
presents salient points of interest both in the method 
of generating and in the manner of distributing and 
applying the electric currents. The Wallace- 
Farmer machine is, as its double name implies, the 
product of more than one brain, and its inventors 
have the reputation of being amongst the most able 
electricians on the other side of the Atlantic. Mr. 
Moses G. Farmer is professional electrician to the 
United States Government Torpedo Department at 
Rhode Island. It was he who first demonstrated, 
prior indeed to its being done in Europe, that it is 
possible to put into one circuit the armature of the 
dynamo-electric machine, its field magnets, and the 
“work,” without introducing separate branches or 
duplicate coils for the exciting of magnetism in the 
stationary field magnets. It need hardly be added 
that this discovery is the foundation of the machine, 
which was tought to its present form some few 
years later. The Wallace Brothers, of _ Ansonia, 
Connecticut, are also well known as pioneers in 
electrical science, and leaders in the manufacture of 
dynamo-electric machines for industrial purposes, 
such as the electro-deposition of metals, and the 
production of the electric light. The Jamp usually 
employed with this machine, and of which we shall 
presently give a detailed decription, is the invention 
of Messrs. Wallace Brothers, though some improve- 
ments have been introduced by Mr. Ladd since its 
importation into England, ‘ 

e will now proceed to describe the details of 
the system, taking first the generator, secondly the 
lamp, and will lastly add afew w concerning 
the general arrangements and working of the 


The Wallace-Farmer machine, of which a general 
view isshown in Fig. 1, page 310, consistsof four power- 





ful fixed electro-magneta, between the poles of which 
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is rotated upon a horizontal axis a large double 
armature comprising a number of separate coils. 
The four fixed electro-magnets of the “ field” are 
placed horizontally, two above and two below the 
rotating axis, and are bolted strongly into a stout 
but not needlessly heavy framework. Their sha 
is peculiar, being flat on the sides turned towards 
the axis, as is shown (partly in dotted outline) in 
the vertical section given in Fig. 2. The object of 
this form is to obtain as powerful a field as possible 
with as little unnecessary material as is compatible 
with this condition ; hence the iron cores, which are 
also of the same flattened shape, are made wide in 
order to give a wide extent of field, but extend 
neither above nor below the corresponding iron 
cores of the bobbins carrying the separate coils of 
the armature. The wire of the field magnets is 
stout and well insulated, and consists in of the 
four of about 450 or 500 turns, The length of 
these field magnets is 9 in., and their breadth 
about as much; cheeks of light brasswork serve to 
support the coils at the ends, The double rotating 
armature, which is an essential feature of the ma- 
chine, differs from the armature of almost every 
other similar generator, having elements in common 
with several of them, but not precisely resembling 
any. Perhups the nearest approach to it in Euro 
is the armature devised by M. A. Breguet. In the 
earliest magneto-electric machines the armatures 
consisted of bobbins, usually two in number, carry- 
ing coils of wire and fixed upon solid iron cores. 
The Siemens machine employs, as is well known, a 
long narrow armature wound with coils from end to 
end longitudinally ; whilst the armature of the 
Gramme machine is a rotating ring of iron, overspun 
with coils of wire arranged in separate sections. 
This device enabled M. Gramme to obtain currents 
which were practically continuous, and the more 
recent armatures of Van Melderen and Brush may 
be described as modifications of the same principle 
for the sameend. In the one the ring is cut up into 
a number of portions still a contiguously end 
to end inaring; in the other, the ring instead of 
being entirely overspun with wire is swelled out 
at intervals into substantial cheeks, with the sepa- 
rate segments of coil wound in the hollows be- 
tween them. The idea in the one case is to secure 
greater ease in construction, and avoidance of back 
currents almost inevitable when long cores are used ; 
in the other, to obtain a more powerful magnetic in- 
duction as the armature revolves through'the “ field.” 
The armature of the Wallace-Farmer machine com- 
bines most of these excellent qualities. The coils 
are wound upon fifty bobbins of — shape (see 
Fig. 2), arranged in two sets of twenty-five each 
around the circumference of the armature, being 
attached to two plates of soft iron each nearly an 
inch thick, and about 16 in. in diameter, and 
having a clear space of nearly an inch between 
the two plates. The cores of these separate 
bobbins are also of peculiar form, not circular, 
but of a rounded wedge-shape, so as to allow 
of their being packed closely together around the 
circle. They are all pierced with a small hole, 
a device which, by the way, appears to -be charac- 
teristic of American machines, to.allow of circula- 
tion of air to reduce any possible heating effect in 
the armature. The wire of which the separate coils 
of the armature are constructed is somewhat thinner 
than that of the field magnets, and it is carefully 
insulated. From every one of these separate bob- 
bins of the armature four strands of wire run to 
the commutator fixed onthe axis between the upper 
and lower field ets. ‘There are indeed two 
commutators, one on each side of the double arma- 
ture, and connected with their respective set of 
bobbins, In point of fact the machine is duplex, 
the two halves being set symmetrically about the 
vertical middle of the machine. In practice, how- 
ever, itis found advisable to work the machine as 
one, for which purpose the two halves, which can 
upon occasion be employed on separate circuits, 
are united into one continuous circuit by the stout 
conductor of copper which is seen joining the 
two middle pair out of the four terminals shown on 
the base of the machine in Fig 1. The commutators 
consist, as in the machines of Gramme and Siemens, 
of strips of copper arranged on the circumference of 
a cylinder of non-conducting material, and are each 
poesend, above and below, by a pair of metallic 
rushes to lead away the currents that have been 
generated in the armature. The cores of the sepa- 
rate bobbins of the armature as they rise through 
one half of their journey round the axis are passin 
from one polarity to the reverse, and as they descen: 


through the remaining half of a rotation are having 
their magnetism again changed back.. Hence by the 
laws of electro-magnetic induction, during half the 
rotation, while the coil is ascending it is supply- 
ing, say positive current to the upper brush, and 
while descending it supplies a contrary current to 
the lower brush of the commutator ; and as the sepa- 
rate coils are numerous, and a similar action is con- 
tinually going on in all varieties of phase in the 
separate coils, the currents produced are, as in the 
Gramme machine, practically continuous. The ad- 
yantages of this form of armature over the ring 
armature of the Gramme machine are obviously 
many. The trouble of winding the coils in the latter 
machine is very great, as the wire must of neces- 
sity be threaded through the ring separately for 
every turn of the coil. Here, as there are separate 
bobbins, it is a simple matter to wind on the wire. 
The iron of the ring armature of the Gramme ma- 
chine is moreover always separated from the poles 
of the field-magnets by at least the thickness of the 
coils. Here, as the iron cores of the separate coils 
are placed at right angles to the plane of the ring, 
or parallel to its axis, they may be made to approach 
as near as possible to the field magnets, thereby 
enormously increasing the magnetic induction. 
Lastly, these iron cores, being short, there is not the 
same tendency to “back currents,” so called. In 
all those dynamo machines in which an iron portion 
must have its magnetic polarity reversed rapidly, 
whether that part be a moving one as in the annular 
core of Gramme, or fixed, as are the magnets of 
Lontin’s distributor, there is a practical limit to the 
speed at which the machine can be driven (and 
therefore to its efficiency), owing to the residual 
magnetism of the iron cores, which takes a definite 
time to vanish. Now the time taken by this residual 
magnetism to vanish appears to be, though the 
function is an obscure one, dependent inter alia 
upon the length of the magnet. That is to 
say, a long magnet cannot have its magnetism 
effectively reversed as rapidly as a short magnet. 
Makers of induction coils know this, and they 
have attempted to hasten the vanishing of the 
residual magnetism, as well as to avoid secondary 
currents, by employing cores consisting of bundles 
of iron wires. It is not generally known that this 
expedient is also resorted to in the Gramme ma- 
chine, in which the iron core is not a ring of 
solid iron, but is itself a coil of iron wires which 
are (or at least have been till lately) soldered to- 
gether afterwards, In the Wallace-Farmer machine 
the cores of the separate bobbins are relatively 
short, a fact the importance of which will now be 
appreciated. The ventilation secured by the central 
hollow of the armature is a valuable feature, as it 
materially aids in overcoming what is, when the 
machine is not doing full work, a difficulty with some 
machines, namely, the tendency to heating. With 
a speed of 600 revolutions per minute, which for 
most purposes is sufficient, there is not much risk of 
this taking place, but if a higher speed is employed 
the importance of the arrangement is found, for the 
air which issues above is perceptibly warm, and in 
rising draws up cold air, thereby keeping the moving 
parts cool. The driving power rp varies with 
the work which the machine is doing. Two 8-in. 
ulleys, one at each end of the axle, are served with 
Conds from a motor, though there is no necessity to 
drive at both ends, The experience of practical use 
shows the amount of power required per light to be 
not very dissimilar from that required for driving the 
Gramme or the Siemens machine, namely, about 
one horse power per light of 800 candles’ power. 
The Wallace lamp, or rather its modification as 
used in England, is shown in Figs. 3 and 4; and the 
most hasty glance reveals how essentially different is 
its nature from that of every other “ regulator.” In- 
stead of having rods or pencils of carbon, the arc is 
produced between flat plates of carbon set in an 
appropriate frame. The object here is to attain that 
durability of the light which constitutes so at a 
difficulty in the application of the electric light to 
many purposes, At the most, the stout carbons. of 
the Serrin or the Siemens regulator burn for seven 
or eight hours. The carbons of the plate lamp 
will, if properly adjusted, last for twenty hours or 
more, and in the older form of lamp used in America, 
which is broader and clumsier than the pattern as 
made in England, carbons have been employed 
which would last without attention or renewal for 
@ hundred hours of work. Indeed, the durability of 
the light of the Wallace lamp isso far superior to 





that of any other, that it was recently menti snes I 
Mr. W. H. Preece, who, in spite of his geni 


nature, is a keen critic in matters pertaining to 
electrical invention, as being the only lamp in which 
the ideal of durability was attained, Another 
admirable feature of the lamp is the simplicity and 
ingenuity with which the automatic adjustment of 
the arc is both attained and maintained, without the 
employment of any of the delicate or complicated 
clockwork contrivances of the best regulators 
hitherto devised. This automatic adjustment will 
be-understood by reference to our drawings. Fig. 3 
gives a general view of the lamp, and shows the 
carbons D and F clamped to a light framework 
of brass, by which also the lamp is suspended at 
any desired point.. The lower carbon is fixed, but 
the upper carbon is capable of motion vertically, 
its holder C C being attached to a smooth rod of 
brass, which slides centrally through a brass box 
containing the regulating electro-magnet; and 
its motion up and down is confined by guides 
A B, which also convey to it the current. ‘The 
electro-magnet above is of tubular form, having the 
coils wound round in the space between an inner 
and an outer tube. The mechanical device next to 
be described provides for the automatic mainte- 
nance of the arc. ‘The double difficulty to be over- 
come is first to move forward the carbon as fast as it 
burns away, and, secondly, when so moved up to draw 
apart the carbons to the requisite distance, This 
double requirement is met in the most simple and 
efficient manner by the contrivance at the base of 
the electro-magnet shown in Fig. 3. The brass rod 
which holds the upper carbon slides loosely through 
a hole in a small steel bar KK. This bar is itself 
loosely traversed by a pin screwed into a flat annular 
disc of iron MM, which is nothing else than the 
movable armature of the electro-magnet, and which, 
though heavy enough to fall by its own weight, can 
readily be lifted by the electro-magnet when the 
current is once established. When no current is 
passing through the lamp this armature MM and 
the clamping piece K K alike fall loosely down, and 
the brass rod is free to descend, thus allowing the 
upper carbon to rest against the lower. So soon as 
a current passes the armature is attracted upwards, 
and in rising lifts the clamping piece K K obliquely, 
thus jamming it on to the brass rod; the armature 
goes on rising about the eighth of an inch further, 
lifting clamping piece, brass rod, and carbon 
plate with it, thus establishing the arc. Should the 
arc by any means break, the armature is released 
and the upper carbon falls and re-establishes con- 
tact, once more to be clamped ard lifted to the 
right height. It is singular that this beautiful 
device should not have been earlier applied in those 
lamps where carbon pencils are used. The advantage 
of the plate form of carbon is, of course, its greater 
durability, since the arc has to eat away a consider- 
able width of the carbon pole before any further 
adjustment.is needful ; and that adjustment is as we 
have seen automatic, and so quickly accomplished 
that it is hardly noticed. It is for some purposes a 
disadvantage that the arc should thus range from 
point to point along the line between the edges of 
the plates of carbon, travelling from a point where 
the nick has become widened by burning to a 
narrower point. But the disadvantage is slight in 
those cases of practical application tor which this 
lamp was designed, Enclosed in a light lantern, 
either of clear glass or of opal, it serves admirably 
to illuminate a factory, shed, or open space. And its 
simplicity and efficiency have won for it in America 
the name of ‘‘the workman's lamp.” Clear glass 
has been mostly preferred in England, as in the 
lanterns employed at the Liverpool-street Station, 
where the system has been tried. Until quite re- 
cently, however, the proprietors experienced a great 
difficulty in procuring carbons of suitable quality, 
the ordinary plates sawn from blocks of crude re- 
tort carbon being unfit for the purpose, and liable 
to split and blaze unpleasantly. It is stated that 
the cost of carbons does not exceed one penny per 
hour per lamp, 

Another point of advantage in the system is that 
it permitsa number of lamps to be connected in 
series with one machine, It is well known that 
none of the Ordinary regulators, the Foucault or 
the Serrin, can be so employed. In case it is desired 
to supply more than one of these lamps from the 


same tor it is, therefore, needful to divide 
the current, with great loss of economy. Some of 
the more recent modifications of the Serrin lamp, 


such asthe Suisse and the Lontin will, however, 
allow the employment of two separate regulators on 
one circuit, In the Wallace-Farmer system six or 





eight lamps can be s0 connected, and up to the limit 
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THE WALLACE-FARMER ELECTRIC LIGHT. 


of six lights, apparently without any detriment to 
the amount of light evolved at each lamp, the only 
difference being the amount of power which must be 
applied to drive the machine. As mentioned above 

e machine is duplex, and can be employed in two 
circuits having five lamps in each, though it is found 
preferable where possible to work the machine as 
one, a result which with the experiments 
made by the authorities of the Trinity House at the 
North Foreland with two Allianee machines, whose 
united power was more than double that of either 
alone. ‘The power required to drive the machine is 
— = proportional to the speed at which it must be 
worked, this in turn depending upon the work of the 
circuit. For feeding five lamps a speed of about 500 
revolutions is required, and this is estimated to 
consume 5 horse power. There are now over thirty 
large factories in this country and the States, in- 
cluding the well-known tobacco factory of Messrs. 
W. D. and H. O. Wills, of Bristol, furnished with 
the Wallace-Farmer light. The system has also 
been receiving extended trial at the Liverpool- 
street railway station in Shoreditch, though here 
the a were delayed and spoiled for 
lack of a supply of good carbons. The machine 
has been tried at the Avonmouth Docks, where 
it is proposed to employ it in illuminating the 
dock gates and on the quays for unloading vessels. 
The system has already won for itself an intro- 
duction into the vessels of the United States 
Navy, and it is used in the famous lighthouse 
of Manhattan Beach, U.S. As we hope to be 
in a few weeks in possession of more exact infor- 
mation as to the expenses of working and power 
required, we reserve for the present our remarks on 
this head, simply observing that so far as accurate 
results on these points have been arrived at, they 
are mostsatisfactory. The nglish patent is in the 
hands of the Anglo-American Electric Light Com- 
pany of 75, Hatton Garden, of which Mr. W. Ladd 
is the managing director. 





FUTURE Be ar IN CENTRAL AFRICA. 

THE e epression of our English trade 
and ‘he unplecnint fact that some of our best 
and oldest markets are — slipping from our 
hands, help to lend interest te a scheme now 
being elaborated for opening out and developing 
portions of Central Africa. Mr. Stanley’s project 
of a Lake Nyanza railway has, it is true, 
the attention of some of our leading men to 
the possibility of negotiating a treaty with the 
Sultan of Zanzibar, with the view of obtainin the 
securities that are absolutely necessary for a large 


preliminary outlay. And doubtless we may hope 
that the fertile borders of the great African lakes, 
80 fully described by Mr. Stanley, may, at no very 
remote period, derive all the benefit that the intro- 
duction of our manufactured products can afford. 
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The country is so well populated and the natural 
wealth so great, that there can be no doubt that 
very extensive commercial transactions would at 


ed | once result from the establishment of easy and sure 


communication with the coast. 

A group of Frenchmen have also considered the 
advan that manufacturers of their country 
would derive from active commercial intercourse 
with Central Africa, and their attention is, we hear, 


seriously en in this direction. France will of 
course alone benefit if they succeed, nor can we 
expect it to be otherwise. 


A third and not less interesting scheme may 
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possibly bring advantages our way, and we think 
that ite details will bored with interest. | We allude 
to a _ and very important ——_ that — 
recent: n given by the Portuguese Governm 
to Ca ‘tain Paiva @’Andrada, military attaché to 
their Paris legation, and who is well and favourably 
known in this country and in France. __ 
The object is in a great measure similar to that 
proposed by Mr. Stanley and others: to promote 
active and uninterrupted commercial intercourse with 
the interior of Africa, as well as to ae ae bring 
to light the various sources of wealth that, so far, 
we have only heard of from travellers’ descriptions. 
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But whereas the French have with us identical 
reasons with ourselves in wishing to establish new 
markets for their manufactured goods, Portugal, 
which is not a manufacturing country, can only wish 
to see a portion of her fine colony of Mozambique 
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thoroughly the resources of the country, and then 
at once to enter upon active operations. The 
Portuguese Government are too anxious to see one 
at least of their numerous, and so far unfortunate 
colonies progress, not to afford every possible assist- 
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develop into a prosperous country. The concession 
given consists of a certain number of most important 
privileges referring to an immense tract of country 
situated on the borders of the Zambesi river oe 
map), a8 well as in extensive grants of land. The 
following clauses of the concession obtained by 
Captain Paiva d’Andrada will suffice to show that 
the scheme is a very large one and may be the 
means of leading to results of utmost importance, 

1, The ownership of every metallic mine at present 
known, and therefore the property of the State, 
within the limits marked on the map. 

2. The exclusive right of working metallic mines 
within the same limit for the space of 20 years. 

8. The possession of all known coal deposits 
situated within the hydrographic basin of the Zam- 
besi river with the exclusive right of working coal 
for 20 years. 

4. The exclusive right of working during 20 years 
all coal mines that may be discovered within the 
limits of the concession. 

5. A right to the produce of all Government 
forests, 

6. A grant of 100,000 hectares of land on any 
spot that may be chosen within the Zambesian 
district. 

In reality the space of the concession—which 
is very large—only refers to metallic mining, 
for the privilege of coal-working extends to the 
entire basin of the Zambesi river. The two Por- 
tuguese settlements of Tete and Zumbo are the 
principal centres of the concession ground, Zumbo 
is already an advanced post for the commercial 
transactions that are at present carried on with 
the inhabitants of the interior, and is destined in 
time to become an important place. 

The river is navigable from the coast to the first 
cataracts that are to be found between Tete and 
Zumbo. The climate improves as the interior is 
gained and at Tete is byno means unhealthy. That 
the country is wealthy there can be little doubt. 
Gold is known to exist both in alluvial deposits as 
well as in quartz lodes. The precious metal has 
been hand-picked by the negroes in many of the 
alluvial deposits, but never below a depth of three 
feet, owing to a superstitious notion of the natives. 
Silver lodes are said to exist in‘ the district of 
Tschikova, and both copper and iron are well 
known to the inhabitants. The Zambesi flows for 
many miles through a very extensive and evidently 
rich carboniferous formation. In the neighbour- 
hood of Tete, numerous outcrops of large seams 
of coal are known to exist and were mentioned 
by Livingstone, who tried the coal in the small 
steamboat he took up this great river. 

The forests the concession alludes to, are near 
water , and abound in ebony and the caout- 
chouc-tree. Lastly, the soil is fertile in the 
extreme; in no country does the sugar-cane attain 
80 large a size in so short a time ; the tobacco plant, 
the opium poppy, and the cotton-tree have ali been 
successfully tried in the Zambesi district. The 
grant of 100,000 hectares obtained by Captain 
d’Andrada, may therefore, if placed in good hands, 


be the source of immense wealth, 
e hear that the concessioner’s intention is to 


possible, an international syndicate, the 
being, 


form, if 
object 





in the first place, to study very 








ance to the new enterprise. It is probable that the 
interest taken in this matter in England and France, 
will result in practical steps being taken to develop 
this new district, which should ultimately form a 
profitable market for all description of goods, 





PINTSCH’S LIGHTING SYSTEM. 

Tue manifest deficiencies of the old 1 ome of 
lighting railway iages by means of oil lamps led 
to the general substitution of other and more perfect 
methods, This has been especially the case on our 
ee lines, where ordinary coal gas has been 
brought into use with a certain amount of success, 
but still leaving much to be desired, The cumbrous 
gasholders on the tops of the carriages, the short 
supply of light which at the best could be insured 
without renewal, the waste of gas in charging the 
holders on the carriages, and the frequency of that 
operation, are all drawbacks which it would be most 
desirable to avoid. Not only are they avoided, but 
many improved features are embodied in the system 
under notice, and into the working of which we 
have recently examined, This system is in con- 
siderable favour on the German railways, where 
it has been in successful operation for about seven 
years past. In England it has been introduced on 
the Great Eastern Railway, the Metropolitan and 
St. John’s Wood line, and the Metropolitan main 
line at Hammersmith, which were the works in- 
spected by us, and which are very compact and 
complete in their character. The gas is produced 
from shale oil refuse which is obtained from the 
paraffine works in Scotland, although any fatty 
matters can be used. There are four coupled fur- 
naces, each containing two cast-iron Q-shaped re- 
torts ]0in. deep, and placed one above the other. 
The oil is fed into the upper retort, where it is 
evaporated, and the vapours pass thence into the 
lower retort, where their complete decomposition is 
effected in the presence of a greater degree of heat 
than is found in the upper one, the lower one bein 
directly over the furnace.- The tar is convey 
away as it is formed, and is used on the line for 
general purposes, The gas is conducted from the 
retorts to the condensers, and thence it passes 
through a washer and two purifiers to a meter. 
From the meter, where the quantity of gas produced 
is registered, it is led toa gasholder. _ 

The gas having been thus produced is only tem- 
porarily etored in this holder, its final destination 
being four wrought-iron cylindrical store-holders, 
where it is retained for use under pressure. 
this constitutes the important feature of Pintsch’s 
system, that the gas is stored under considerable 
pressure on the works, and is also used under pres- 
sure in the railway carriages, which, it is stated, 
cannot be satisfactorily done with ordinary coal gas. 
The compressing pump has two compressing cy- 
linders of different sizes, the larger being 7 in., and 
the smaller 4in. in diameter, both being water 
jacketted. These pumps are placed on the same 
frame with the engine, which has a 12 in. cylinder 
with a 124in. stroke, andis run at 25 revolutions per 
minute, ‘The gas is drawn from the gasholder into 
the — cylinder, where it is compressed to four 
atmospheres or 60 Ib. to the square inch, It then 


compressed to ten atmospheres, or 1501b. per square 
inch, at which pressure it is delivered into the store- 
holders,. These holders are 18 ft. long and 4 ft. in 
diameter, and at atmospheric pressure are capable 
of containing 250 cubic feet of gas each, or 1000 ft. 
in all. This, however, is increased to 10,000 ft. b 
compression, which is the absolute quantity stored, 
and wichh is always ready for use. From these 
store tanks the gas is conducted to the filling posts, 
six of which are placed in the 6-ft. way in the 
station at Hammersmith about a carriage length 
apart. A coupling hose for connecting the filling 
ost with the carriage completes the arrangement so 
ar as production is concerned. 

We now come to the use of this compressed gas 
in the railway carriages. First there are a couple of 
wrought-iron cylindrical receivers generally 6 ft. 
long and 20 in, in diameter, which are connected 
together by a pipe, and are fixed to the under- 
framing of each carriage. These receivers are filled 
with the from the filling posts by means of the 
coupling hose, and it istherestored for use at a normal 
pressure of sixatmospheres, andthey contain acharge 
sufficient for use for 36 hours, unless a shorter time 
is desired. From the receivers the gas passes through 
ys in. pipes to a regulator, by means of which a 
uniform pressure is always maintained at the burners. 
This regulator consists of a cast-iron conical vessel 
12in. in diameter and 6 in. high, the upper part of 
which is closed by a gas-proof membrane. ‘To the 
centre of this membrane is fastened a rod with a 
movable joint which is placed in connexion with a 
special valve, The gas from the receiver into 
the regulator until the tension of the membrane is 
sufficient to actuate the valve through the lever, the 
further influx of gas being thus automatically 
stopped. As the gas passes away to the burners for 
consumption, the deficiency is continually made 
good, and the action of the regulator is so perfect 
that the flame is not in the least affected by the 
vibrations of the carriage, A jin, pipe conducts 
the gas to the burners, which are conveniently placed 
in the carriage roof, and this is the largest pipe used 
on the carriages. There are means for extinguishing 
all the lights in a carriage at the same time, and each 
carriage is further fitted with an arrangement for 
turning all the lights down to a mere glimmer at 
once, and of turning them up again. This is very 
useful in cases where the train only requires to be 
illur:inated intermittently, such as when passing 
through tunnels. Owing to the gas being consumed 
under considerable pressure the lights, although 
turned low, do not Secome extinguished when the 
train moves as they do with low-pressure gas. 

Considerable experience, which was preceded by 
searching tests, has shown that neither in manufac- 
ture, storage, nor use are there any points of danger 
connected with Pintsch’s lighting system. It has 
also shown that a permanent gas of very high illu- 
minating power is produced, and this permanency 
isa very important feature when taken in connexion 
with its storage and use under a high pressure. 
The fact ofits being made from the veriest refuse, 
so long as that refuse be fatty matter, points to 
economy in production, whilst a glance at the car- 
riage appointments for its use indicate a moderate 
first cost there, and show a greatly improved ap- 
pearance as compared with the ordi arrange- 
ments for burning coal gas, With regard to the 
question of economy in use it is stated by Pintsch’s 
Lighting Company that the proved cost of an oil 
lamp is from 4d. to #d. _ hour per light, of coal 
gas 4d. per hour per light, and of Pintsch’s gas 
per 4d. hour per light, each being inclusive of 
interest on capital and wear and tear, As an in- 
stance of the permanent character of the gas and its 
non-liability to condensation, it may be mentioned 
that the receivers of the saloon carriage of the Prince 
of Wales on the Great Eastern Railway were filled 


d| with gas in April last year, and the carriage was used 


four or five times between that month and August 
without the receivers being refilled in the interim. 
But railway carriage lighting is not the only use 
which has been found for Pintsch’s gas. A very im- 
rtant application has been made in respect of 
fighting buoys, which has been the subject of 
careful experiment for some time past. In the first 
instance two experimental buoys of cylindrical 
shape 5 ft, high and 3 ft. in diameter were charged 
with compressed oil gas at a pressure of 90 lb. per 
square inch, On each buoy was mounted a lamp, 
and on the buoys being placed in the sea, the lam 
burned brightly and steadily night and day, until the 
as was consumed, in rough weather. A similar 








passes into the smaller cylinder, where it is further 


uoy of a different shape was charged and tried by 
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the Trinity Board at the Trinity Wharf and burned 
for 28 days. It was then refilled and anchored 
close to the Mouse lightship, where it again satis- 
factorily performed its allotted task during the 
month of October, showing a bright light at four 
miles. So satisfied were the Elder Brethren with 
these experiments that they have ordered two 
large buoys to be constructed for their use at sea 
stations. These buoys will be of sufficient capacity 
to carry a charge of compressed gas sufficient to 
supply a bright light for a period of from four to 
six months mt continuously, without re- 
quiring to be recharged, 

The advantages possessed by Pintsch’s system of 
gaslighting recommend it for adoption in numerous 
cases besides those we have instanced. In those 
two alone, however, it will doubtless find a wide 
sphere of usefulness. Its application to buoys 
must prove of great advantage in marking channels 
of navigation in rivers, in denoting the presence of 
wrecks, and in indicating the entrances to harbours. 
We may add that the offices of the company are at 
Metropolitan Chambers, New Broad-street. 








SOUTH AFRICAN TELEGRAPHS. 

Tue question of telegraphic communication in our 
South African colonies is one of imperial interest 
at the present time, and hence it is that the paper on 
this subject by Mr. James Siveright, Superintendent 
of Government Telegraphs at the Cape, which was 
read before the meeting of the Society of Tele- 
graph Engineers on the 26 ult., attracted con- 
siderable public interest. ‘The paper was written 
before the outbreak of the war, which was then 
looming in the distance, and criticism is disarmed 
by the adverse circumstances under which it was 
known to have been penned. The camp-fire of a 

uatter’s kraal does not supply that seclusion 
which is most conducive to scientific thought, and 

rhaps for this reason, and the fact that Mr. 
Biveright has not been long in South Africa the 
technical portion of his paper is somewhat scant 
of those interesting and instructive details peculiar 
to colonial telegraphy. 

The guiding — le in the formation of the 
South African telegraph system is the necessity of 
providing alternative routes as a protection against 
interruption of communication from native out- 
breaks. Thence it is that all the chief towns of 
Cape Colony, Natal, Orange Free State, and 
Griqualand West, together with the Transvaal, are 
connected by looped lines. Mr. Siveright’s opinion 
that no general rising of the natives need be antici- 

ated unless some severe disaster should befall a 

uropean force, is interesting, when viewed by the 
light of recent events, The subject of the paper 
was divided into three parts, dealing with the route, 
material, and construction respectively. 

As regards route, in South Africa the battle of 
of road versus rail has no place, since the telegraph 
is the precursor of the railways which have yet to 
come. It is a question, however, whether a line 
should follow the road or not, When the line from 
Cape Town to Port Elizabeth was first constructed 
by 1, Lonny Siemens Brothers some eighteen years 
ago, the general instructions for the guidance of the 
surveying party were that the line should be con- 
cealed as much as possible from the high road, and 
so it has been built along an almost impassable 
track. Mr. Siveright is perhaps right in thinking 
that if the object of this concealment was to prevent 
natives stealing the wire and poles, there was little 
need of it; but Mr. Von Fischer Treuenfeld added 
a weightier, if more amusing, reason to the effect 
that as there were no defined roads in the veld 
country, and as each traveller opened up a new 
track when the old got too rough, there was some 
danger of the Wg line ultimately finding itself 
in the centre of the highway if placed too near the 
existing routes. This argument is supported by some 
of Mr. Siveright’s own facts, for he states later on 
in his paper that many iron poles are annually 
pees by bullock wagons shift:ng aside and striking 
against them on the roads. It is obvious, however, 
that if a line may be more readily broken down by 
following the road, it may also be more easily re- 

aired ; and Mr. Siveright has issued orders that all 
ines of telegraph over a bush-veldt country shall 
follow the high road, and, as a rule, be visible from 
it, while over open grassy-veldt the line shall be 
taken by the shortest available route which can be 
traversed by a bullock wagon. 


utilise the natural resources of the country itself. 
Now South Africa, although she possesses her iron 
mines, does not yet manufacture iron telegraph poles. 
Even in timber she is deficient except along the sea- 
board. The author’s plan is therefore to use timber 
where it can be got, and where not to employ iron 
poles, Iron is not eaten by white ants or cut for 
firewood, nor does it rot, like timber; but it costs 
more at first than wood. Some of the native woods, 
however, such as the well-known ‘‘sneeze-wood,” 
the olive-wood, and the black iron-wood, are almost 
as durable and hard as iron itself; and it is from 
these that the telegraph posts are made, Sneeze- 
wood poles are most unsightly objects, because the 
wood is very crooked, and they weigh more than 
light iron poles, but they are safe to last 100 years. 
Bush fires pass harmlessly by them. Fir grows 
around Cape Town, but nothing short of creosoting 
it will make it last. Good silver fir flourishes on the 
slopes of Table Mountain, but the supply is limited. 
Blue gum has been too recently introduced into the 
colony to be useful yet as timber. The forests of 
the Tetze country are the only source of valuable 
timber for South Africa. The kind of wire used is 
No. 6 B.W.G., its lightness being advantageous in 
transport ; but Mr. Siveright is disposed to welcome 
a compound copper and steel wire, such as that of 
Dr. Siemens, combining the strength with the con- 
ductivity of the thicker iron wire brands. The 
lightning storms in South Africa are of the most 
violent description, and many ingulators are broken 
by the dischage from the wire to the pole, especially 
with iron poles in which the “ earth” is better than 
in wooden ones. Brown earthenware insulators are 
commonly used; but iron-hooded ones are found 
less liable to disruption by lightning. 2 pemga 
insulator also finds favour in Mr. Siveright’s eyes. 

One practical difficulty in so dry a country is to 
get good ‘ earth” connexions, hence river beds are 
sought, rails, or water pipes, and even in some cases 
it is necessary to use a return wire. Mr. Siveright 
did not mention tree roots as a resource, but the 
sappy and branching rootlets of a tree, if the tree 
can be found, make an excellent natural earth 
plate. 

Having dealt with the various technical points of his 
paper Mr. Siveright brought out his trump card in 
the shape of his pet scheme for an overland tele- 
graph line through Central Africa from Gondokoro, 
the northern terminus, to Pretoria in the Transvaal 
or Kimberley in Griqualand West, and calling at 
Zanzibar on the east coast. This scheme has been 
ably advocated by Mr. Siveright, who states that 
the more he thinks of it, and sees of South Africa, 
the more he is convinced of its feasibility. The 
first section, from Pretoria to Tete, on the AR 
is tolerably well known, and traversed yearly by 
traders. The Zambesi is navigable to Tete, which 
might soon become an important centre of trade. 
From Tete to Zanzibar the line would pass through 
Livingstonia, the mission settlement on the southern 
shore of Lake Nyassa, thence it would follow the 
route of Livingstone’s early journey to Cape Delgado, 
near Zanzibar. So far all would be practicable, but 
the little known and hostile territory between 
Zanzibar and Gondokoro is confessedly the weakest 
~ in the plan. This country, however, is said to 

e mountainous and free from malaria, while camels 
and horses thrive init. The total length of the line 
would be 2000 miles, divided into sections not ex- 
ceeding 400 miles. In comparing his scheme with 
a submarine cable Mr, Siveright argues that it would 
be cheaper—2Uu0/. per mile being reckoned sufficient 
—more reliable, inasmuch as it could be more 
readily repaired than a cable, that it would beget 
trade along its route, and be real lasting property, 
whereas a cable would simply foster commerce at 
its ends and be extremely hazardous property 
withal, 

Mr. Siveright’s project has been called a visionary 
scheme, but it is not wholly to be repudiated. Were 
thesection between Zanzibarand Gondokoro, through 
the tangled forests of Central Africa, as easy to con- 
struct as thé others, then the scheme would be an 
eminently practicable one, and have many advan- 
tages over a coast cable. But it i F guest this 
part which condemns the proposal. e nature of 
the country from Zanzibar to Gondokoro is at best 
uncertain, and it will not do to take it on trust. Mr. 
Mayes, who has just returned from the country round 
Zanzibar, said at the meeting that the coast there is 
anetwork of inletsand éapas jungle, a fever den where 
neither cattle, horses, nor white men will live, where 





As regards material, and ye ly poles, Mr. 
Siveright justly remarks that the best plan ‘is to 


even high roads have a propensity for disappearin, 
in a few months after they have been Guseala which 








is somewhat puzzling to a simple-minded man ; and 

ronounced the idea of a telegraph line through 

entral Africa as the offspring of a maniac, 
Mr, Mayes, though probably wrong in his inference 
is doubtless right in his facts, and there are grave 
objections to the overland scheme. While Mr. 
Siveright’s paper was in the hands of the society, 
however, the question had been decided by the 
emergency created by the Zulu war, and the Govern- 
ment have accepted the terms of the Eastern Tele- 
graph Company to lay a cable from Natal to Mozam- 
bique and thence to Aden, connecting on there to 
the duplicate cables from Aden to Bombay on the one 
hand and to England on the other. Fourteen 
hundred miles of this cable, originally intended for 
the duplicate line from Madras to Australia, are 
already shipped, and will be sent off at once to Natal, 
the remainder following in due course as it is manu- 
factured ; and the whole work will be completed by 
October next. 

Thus the South African colonies will be con- 
nected telegraphically for the first time to the 
mother country and the rest of the world, and thus 
Mr. Siveright’s overland line scheme will be for 
the present deferred. But though deferred it need 
not be entirely abandoned, An alternative route is 
much to bedesired, and especially an alternative over- 
land route. Some day will probably see the fulfil- 
ment of the project. And, in the mean time, although 
the scheme as a whole must be laid aside, we would 
suggest that no time should be lost in carrying out 
that portion which would connect Pretoria to 
Zanzibar. This would provide an alternative land 
route from Zanzibar to the colonies and help to 
open up the country. Another thing which should be 
done as soon as possible, and we are glad to see that 
field apparatus has been despatched for the purpose, 
is to carry the telegraph to our armies in Zaluland. 
As pointed out by Major Webber, R.E., in the dis- 
cussion on Mr. Siveright’s paper, had a telegraph 
been employed to connect the three columns of 
Lord Chelmsford’s force, it would have made the 
operations, which otherwise were of a most dangerous 
character perfectly secure. 





REEVES’ PNEUMATIC EXCAVATOR. 


AN excavator on the pneumatic principle has just been 
completed by Messrs. A. Wilson and Co., of the Vauxhall 
Iron Works, Wandsworth-road, to the order of the New 
South Wales Government, for the purpose of sinking 
cylinders in connexion with the improvements now in 
progress at Sydney Harbour. This apparatus, which is 
the invention of Mr. Reeves, the resident engineer of the 
Tay Bridge works, consists of two cast-iron cylinders, 
each 4 ft. in diameter, bolted side by side on a framing, 
and both connected near the bottom to one suction 3} in. 
in diameter. The suction is of the necessary length for 
the work to be done, and has at its outer extremity a 
cast-iron nozzle of special construction. The delivery of 
the excavated soil is effected through a trap-door in front 
of each of the cylinders, which are also fitted with a float 
and gauge to indicate when they arefull. The cylinders 
are domed at the tops, and are connected at that point, by 
an iron pipe of small diameter, with an air pump driven 
by a 4 horse power engine carried on the same framing, 
both the air-pump and engine being of the overhead type. 
On the air-pipe is mounted a three-way cock, by which 
either or both the receiving cylinders can be placed in or 
out of communication with the air-pump. The suction 
port of each receiving cylinder is fitted with a self-acting 
valve, so that either one or other or both of the cylinders 
can be used at the sametime. The usual method of 
working is to use the cylinders alternately, that is, to fill 
one whilst the contents of the other are being discharged. 
This apparatus was shown in operation at Messrs. 
Wilson’s works in the early part of the present week, 
where it raised sand and water from a pit. Upon the oc- 
casion of our visit it worked very successfully, the air- 
pump showing a steady vacuum of 24 in. during the time 
of filling. In operation one of the receiving cylinders is 
opened to the air-pump and to the suction, and the engine 
is started when the sand rapidly rushes into the vacuum 
formed in the cylinder. As soon as it is filled communica- 
tion is closed between it and the air pump, and the com- 
munication of the second cylinder is opened and it rapidly 
becomes filled, the contents of the first being meanwhile 
discharged. In practice this process isrepeated alternately 
until the sand or soil is removed. It was largely owing 
to this apparatus that such rapid progress was made 
with the sinking of the cylinders of the Tay Bridge, its 
use enabling the contractors to effect a large money 
saving on their contract. It has also been successfully 
applied in reclaiming land on the esplanade at Dundee, 
as well as in extracting the sand froma wreck at Fraser- 
burgh, after which the vessel was successfully raised. 
These applications point to the utility of the invention, 
which, as its merits become known, will doubtless prove 
an important adjunct in similar operations in the future. 
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COMPARATIVE PRICES OF NORTHERN 
IRON. 


One of the most interesting subjects in relation to the 
iron trade of the North of England is as yet untouched 
upon—the variations which have at different times been 
marked in the relative prices of the different classes of 
manufactured iron. The statistics of the Arbitration 
Board supply for the North of England reliable figures 
such as are not supplied by any other district—the realised 
prices of manufactured irun at varioas periods. The 
relationship between the prices of the different classes of 
iron and of the whole has been pointed out, but the manner 
in which the prices of eachclass have fluctuated at diffe- 
rent times is as interesting, as in some way it marks the 
variation in the demand for iron at those times. Collating 
and analysing the returns of the Board of Arbitration 
and Conciliation for the Manufactured Iron Trade of the 
North of England, we have some facts which are interest- 
ing and suggestive. Taking illustrative quarters, and 
commencing with 1869, the beginning of the Board’s 
operations. we may first give the 


Comparative Prices of Rails and Plates. 
Rai Pla 


aa <4, £& s. d. 
1869 + ote 6 4 2 a. oo 
1870 ... a os . i. s 7°12 8 
1872 ... ‘ei ove oe Fe 9 19 9 
1874 ... - 10 2 il mm. =. % 
1875 ... ys 8 15 0 
1876 ... ove 6 14 5 7 141 
1877 ... G @ 2 : & 2 
1878 ... 5 13 ll 7 


o ant 6 il 

At the commencement it will be seen that the dif- 
ference in price was about 11. 2s. between the two kinds 
of iron; in the first year that difference fell to 1/., but 
in 1872 it rose again to 2/. 12s. ; sinking next to 2/.; thence 
to 11.13s.; to 1].; where it was for a year or two about 
stationary ; and now it is not quite 18s. How far this is 
explainable cannot be exactly stated, but it may be said 
that in some degree in the era of brisk trade for the rail 
mills, there was a demand for comparatively heavy and 
cheap rails; and that at the present time, when the iron 
rail trade is almost dead in the North of England, it 
appears as if lighter sections were in demand for colliery 
and tramway purposes, whilst the comparative value of 
the plates used at different times has not so materially 
varied. For the same periods let us now give, similarly 
stated, the 

Comparative Prices of Bars and Angles. 


ars. Angles. 

£s. 4 m4 

1869 - =" 6 5 5 @°§*:1 
1870 . « # 6 11 11 7 Ge ® 
1872 ods Po a oe | ois 
1874 eee oe a be ma 3 9 
1875 ae eve 8 6 10 s.@:9 
1876 ooo - 7138 9 7 5 8 
1877 ... * 6 19 1 6 ll 9 
1878 . 6 11 5 18 6 


In the earlier period it will be observed that the price 
of bars exceeded that of angles at times, and was at 
times exceeded by that of the latter, but for some years 
the inevitable tendency of the return has been to show 
that the price of bars has advanced and that of angles 
has receded in comparison; and thus for some time 
angles have been about 8s. or 9s, per ton less than bars 
on the average; but there are no details procurable 
which enable us to trace any of the causes of this change 
with any degree of certainty. Taking next in detail 
the returns for three separate quarters, which show the 
low prices at the commencement of the Board’s operations 
and others in its mid career, with those now current, we 
may give the whole in one group, so as to show at a 
glance the relative changes in the prices over ten 
eventful years, 








1869. 1874. 1878. 

: £5. d. s. d. £8. a. 
Rails 61 2 10 211 521 
Plates ae 132 1 6 2 6 
Bars ws 65 5 1111 1 518 8 
Angles 65 1 11 5 9 5 7 9 
Average 6 113 10 18 11 18 7 


Thus at the earliest of these dates, rails were 10s. under 
the average, and the second 16s. under the average, and 
at the last also 16s. ; plates were 12s. above at the first, 
11. 3s, at the second, and only 4s. at the last; bars were 
nearly 6s. below the average at the first period, about 
13s. above at the second, and 1d. above at the last; whilst 
angles were 6s. above at the first, 7s. at the second, and 
now are about 1ls, below that average. There have, 
therefore, been very material changes in the proportion 
as well as in the comparative prices. In some the decay of 
the rail trade and the growth of the manufacture of iron for 
purposes of shipbuilding is explanatory of this ; but this 
is far from explaining the whole of the difference. How 
far the changes which have recently taken place in the 
composition of the Board itself it is not possible to say, 
but as some firms produced high-class iron who have 
withdrawn, a part of the change may be perhaps attri- 
butable to this cause. It may be added that there are 
variations to a considerable extent in the returns for the 
different quarters in recent years ; thus, last year rails in 
the four quarters were 18s., 18s., and 14s, below plates in 
the first three quarters, whereas in the last they were 





fully 12 below. The difference in price, in the same 
four quarters, between plates and bars varied from 
1d. to 4s. per ton, and between angles and bars from 9s. 
to lls. per ton. In some degree these variations may 
have been dependent upon the inclusion in some of the 
returns, of quantities of expensive iron manufactured for 
experimental purposes; but, except so far as these 
suggestions may be well founded, there is nothing to in- 
dicate the cause of the changes. But there is, in the 
statement of these changes, the first clue to the explana- 
tion; and this the more surely when the reliability of 
the official figures is borne in mind. 


THE TENDENCY OF TRAVEL. 

One of the effects of the extreme dulness known in 
trade, is that the tendency of travel to gravitate towards 
the lowest level has been increased. The extent and the 
rapidity of the movement are remarkable, as a few in- 
stances from official figures will show. The North- 
Eastern Railway is one of the large systems which has 
been specially affected by the dulness in the coal and 
iron trades, and the effect of the depression is marked on 
the passenger traffic. Comparing the numbers of the 
travellers for the past half year with those for the cor- 
responding half of the previous year, we have the follow- 
ing as the state of the passenger traffic for the two 
periods of six months each, the last halves of the two 
years named: 


North-Eastern Railway Passengers. 
1877, 1878 











First class axe 659,038 607,463 
Second class 919,239 828,134 
Third elass 13,943,175 13,917,912 

Total 15,521,452 15,353,509 


Here the intensity of the depression is marked by a 
general falling off in the traffic ; butit is at once apparent 
that the ratio of the decrease is by far the largest in the 
second and first classes, and is comparatively small in 
the lowest class. 

Taking next the greatest of our railway companies— 
the London and North-Western—we may trace the effect 
of the dulness in trade on their passenger traffic for the 
same two periods of six months in the following com- 
parison : 

London and eae Passengers. 








1878. 
First-class 1,575,596 1,453,730 
Second-class... i 2,909,976 2,599,552 
Third-class ... e. 20,215,627 20,509,036 
Season tickets 13,667 14,360 
Total .. 24,714,866 24,576,678 


In the total there is thus shown a declension of 138,188. 
There is a marked falling off in the number of travellers 
first class ; but one still more marked in the number of 
intermediate passengers ; whilst the third class and the 
season-ticket holders show an increase partially counter- 
balancing the loss in the two upper classes, Next taking 
the instance of one of the lines on which the passenger 
traffic is most important, as it is on nearly all the great 
southern lines, we find a rather different experience to 
that of the two preceding companies. On the Great 
Northern Railway there has been an increase of traffic 
but in different proportions affecting the classes. The 
statistics for the same two periods of six months are as 
follows : 

Great Northern Passengers. 
1877. 





1878. 
First class ... eee 567,270 545, 
Second class... ee 1,524,107 1,551,771 
Third class ... 8,077,326 8,359,693 
Total 10,168,703 10,457,092 


In the highest class there is thus a decrease in the 
numbers of about 21,000; in the second, there is an in- 
crease of 27,000 ; and in the third class, an increase nearly 
of 800,000. Citing now another case, that of the Man- 
chester, Sheffield, and Lincolnshire Railway Company, 
which taps one of our largest manufacturing districts, 
there is a decrease, the proportions of which may be thus 
noticed for the same two periods: 

Manchester and Sheffield Passengers. 
1877. 1878 





First class ... os 232,221 206,420 
Second class... 351,132 311,861 
Third class ... 5,455,903 5,370,336 

Total 6,039,256 5,888,617 


The decrease is thus shown to be general; but whilst 
the first class has a fall of over 25,000 passengers from 
232,000, and the second class one of 39,000 from a total 
of 351,000, that in the lowest class is 185,000, but its 
rate of decrease is less, as it is from nearly 5} millions. 
The Midland Railway Company occupies a special place, 
as owing to its working its passenger traffic with two 
classes only, it might be supposed to be affected in a 
different degree. In the same two halves of the years— 


the latter half in each case—it has carried the following | P 


number of passengers: 
Midland Passengers. 
1877. 





1878. 
First class ... 1,287,381 1,194,027 
Third class ... 18,056,113 12,783,048 
Total ws 14,848,404 18,977,075 





The volume of traffic is here also affected; the first 
class marking a fall of 93,000 passengers ; and the third 
class one of 273,000 passengers; but it is at once apparent 
that the date of declension is by far the greatest in the 
upper class. Hitherto only the numbers of the passengers 
have been taken into account; but it may be added that, 
generally speaking, there has been a similar movement 
in the receipts from the passenger traffic. On the North- 
Eastern Railway, the falling off in the receipts from 
first-class passengers during the two years named is, 
roughly speaking, at the rate of 10 per cent.; on those 
from second-class passengers, it is at the rate of about 
8 per cent.; and on those from third-class passengers, it 
is under 1 per cent. On the Midland, the first-class 
passenger yield shows a fall of over 4 per cent., when 
compared with the corresponding half of the previous 
year; but that from third-class passengers, an increase 
rather larger in amount, though less in ratio. In other 
words, the first-class passengers on the Midland have 
travelled shorter distances, and those travelling third- 
class longer distances. There are variations to this ex- 
perience, especially in the cases of some of the southern 
passenger lines which have benefited by the traffic to 
the Paris Exhibition, but generally it may be said that 
the tendency of travel is downward, and that the moye- 
ment has been accelerated in rapidity by the prevailing 
depression. 


NOTES FROM THE NORTH. 
Guascow, Tuesday. 

Glasgow Pig-Iron Market.—Last Thursday was. the 
Spring ental Fast-Day in the Glasgow district, and 
in consequence there was no meeting of the iron merchants 
on ’Change. On the following day the market was quiet, 
and prices closed 1d. per ton under those of Wednesday, 
and there was a fall of 3d. per ton over the week. Business 
was done in the forenoon market at 42s, 6d}. to 42s. 6d. 
cash, and at 42s. 8}d. to 42s. 74d. one month, closing with 
sellers at 42s. 6d. and 42s. 8d. cash and one month respec- 





tively, and buyers offering 4d. per ton less. From 42s. 54d. 
to 42s. 6d. cash and 42s. 74d. one month were paid in the 
afternoon, and the market closed with b asking 42s. 6d. 


cash and 42s. 7}d. one month, and rs asking 1d. 
ton higher. The fall in the price of warrants from The 
11th of March up till the end of last week was 2s. 4d. per 
ton, the closing quotation being within 4d. of the lowest 
price touched, namely, 42s, 2d. on the 14th of January. 
‘The warrant market open dull on Monday, and prices went 
back to the extent of 1d. per ton. There were transactions 
during the forenoon at 42s. 6$d. to 42s. 6d. cash, and at 
42s. 9d. to 42s. 8d. one month, the market closing with 
sellers at 42s. 6d. and 42s. 84d. cash and one month respec- 
tively, and buyers 1d, per ton lower. During the after- 
noon from 42s. 6d. to 42s. 5d. cash, and from 42s. 8d. to 
42s. 7id. one month were paid. At the close of the 
market there were sellers at 42s. 5d. cash, and 42s. 8d. 
one month, and buyers at 42s. 44d. cash and 42s. 7id. 
one month. The warrant market was steady this forenoon, 
when business was done at 42s. 54d. to 42s. 6d. cash, also 
at 42s. 8d. to 42s. 9d. one month, closing with sellers at 
42s. 6jd. cash and 42s. 9d. one month, buyers offering 1d. 
per ton less. There was likewise a steady market in the 
afternoon, buyers offering 42s. 64d. cash, and sellers very 
near. The amount of business passing lately has been 
very small, and the demand has been very quiet, more 
especially that for shipping iron. Most brands of 
makers’ iron can now be on easier terms than those 
quoted a week or ten days since—in many instances at a 
reduction of at least 6d. per ton, but the reduction does not 
seem to stimulate business. A large quantity of pig iron 
was sent into the public warrant stores last week, the 
stock with Messrs. Connal and Co. up till Friday night 
amounting to 237,876 tons, thus sh an increase for 
the week of 3374 tons. The number of blast furnaces at 
resent in operation has again been reduced to 89, one 
ving been blown out at Carron Iron Works ; at this time 
last year there were 89 in blast. Last week’s shipments of 
pig iron from all Scotch ports amounted to 12,653 tons, as 
compared with 7448 tons in the corresponding week last 
year. 

Blast Furnaces at Langloan Iron Works.—Messrs.'Addie 
and Co., of Langloan Iron Works, Coatbridge, have for 
some time been engaged in practically testing the merits of 
a new blast furnace, the largest in Scotland, and con- 
structed on the close-topped system. The success has been 
so very decided that they have now accepted contracts for 
the erection of another on the same principle and of the 
same dimensions. 


Edinburgh and Leith Engineers’ Society.—A meeting 
of this society was held last Wednesday night, Mr. Robert 
C. Reid, president, in the chair. A peper on the ‘‘ Nature 
 ighens ° eee : was read by Mr. Alan Macd > 
M. Inst, C.E, 


Modern Manufacture and Application of Steel.—A 
very elaborate paper on this subject was read at last week’s 
meeting of the Philosophical Society of Glasgow by Mr. 
Civil Engineering in ike University of Ediabargh. Tt was 
Civi i ing in the University i f was 
abundantly illustrated by —_—- and diagrams, the 
latter referring both to the er and Siemens-Martin 
rocesses. An interesting discussion followed, the speakers 
being Mr. William Gorman, metallurgical Se etl Mr. 
John Mayer, F.C.S.; and Mr. Arrol, one of the directors 
of the Steel Company of Scotland. 

Graving ey he Portree Harbour.—The new slip which 
the Highland ilway Company resolved upon constructing 
some time ago in Portree Harbour has now completed, 
and recently the company’s steamers Ferret and Carham 
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have both been ins upon it, the structure standing 
the test most satisfactorily. 


The Forth Bridge.—On Friday last, in pursvance of his 
contract for works connected with the Forth Bridge, Mr. 
John Waddell, Edinburgh, commenced the construction of 
the basement piers for one of the great central towers on 
the island of Inch Garvie. These towers, of which two will 
be placed on the island, and one at the edge of the deep 
water on either side of the Forth, are intended to support 
ee ane, chains from — the —_ will be _— Their 

ment stage is to be of masonry, their upper works con- 
sisting of iron columns, poeeen A teokedl together, and 
rising to the height of over 500 ft. It is intended that the 
construction of this great engineering work shall now be 
actively proceeded with. 

Caledonian Railway Stutistics.—When giving evidence 
recently before 'a Committee of the House of Commons, 
Mr. George Cunningham, C.E., and consulting engineer of 
the Caledonian Railway since 1866, said that the company 
possessed 872} miles of railway, they worked over 66 miles 
of other companies’ lines, eed ape vee 52} miles of canal. 
Last year ey’ carried upwards of thirteen millions of pas- 
sengers, and 9} million tons of goods. Within the last five 
years 2,120,0001. of capital Lad m expended in im- 
proving the line, 1,830,0001. in constructing new branches, 
and 1,000,0001. in rolling stock. 

NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a better 
attendance than usual on ’Change at Middlesbrough. This 
was due to the fact that it was the quarterly meeting, and 
that a good deal had been said in the newspapers about steel- 
making from Cleveland iron. It was found that Messrs. 
© and Co., the warrant storekeepersof Middlesbrough 
and Glasgow, had in stock 84,600 tons, that only a small 
quantity was going into store daily, that they had 
some deliveries ex store, and that their stock was about 
the same as at the end of March. Their warrants were 
quoted 36s. per ton net cash, No. 3. Owing to the strike 
of the Durham coalminers, the market was firmer, and 
prices were based on No. 3 selling at 36s. ” ton, less 
l per cent. The improved tone was also due owing to 
better shipments, and the general hopeful feeling which 
has followed the announeement of the steel-making from 
Cleveland iron. 








The Cleveland Ironmasters’ Association Returns.—The 


returns for March show that out of 165 blast furnaces 
there was 85 in operation, and 80 idle as compared with 
96 in operation, and 68 idle last year. 

The Quarterly Meeting of the Cleveland Iron Trade and 
the Steel Question.—Yesterday the usual facilities were 
afforded on ’Change at Middlesbrough for the exhibition 
of articles of interest to the iron and allied trades, and 
there were several patents shown. The interest manifested 
in these was trifling, compared to what was shown ata 
large table where specimens of steel made from Cleveland 
ores by Messrs. Bolckow, Vaughan, and Co. were exhibited. 
Some of these specimens were quite warm, having just been 
sent from the works. There were steel rails twisted cold, 
and pieces of steel punched, and hammered, and bent, and 
split, and polished, and submitted to most severe tests. 
The steel, as we have on former occasions explained, is 
made in the Bessemer converter, which is lined with a 
patent basic lining, the invention of Mr. Sidney Thomas, 
of London. The lining stands admirably, and Messrs. 
Bolckow, Vaughan, and Co. will not only shortly be making 
on an extensive scale steel rails from Cleveland iron, but 
they will be producing a heavy tonnage of steel plates from 
the same material. 


The Strike in the Coal Trade and its Effect on Cleveland 
—Yesterday the Cleveland ironmasters held a meeting at 
Middlesbrough, and duly considered the position of affairs 
in the county of Durham. They determined that they 
would at once put a number of the blast furnaces on slack 
blast, and thus very considerably reduce the consumption 
of fuel. Should the strike continue it is likely that certain 
blast furnaces will be blown out entirely. For months 
past the ironmasters have been endeavouring collectively 
to persuade each other that it would be for their benefit to 
reduce the total output of pig iron, but none of them would 
individually blow out their furnaces. Now circumstances 
have arisen which compel them to take the action they 
desired, but which each of them hesitated taking. 








NOTES FROM SOUTH YORKSHIRE. 
Swinton and Kaottingley Railooy.—lt is expected that 
winton and Knotting ilway.—It is ex 

this line will be opened on May 1 for goods sche ana on 
June 1 for direct through passenger communication north 
and south. The contractors have been much delayed by 
the severe weather, otherwise it is thought the line would 
have been opened at the beginning of the year. 


ld Water Scheme.—At Dronfield, a most im- 








Dronfie 
portant industrial centre, both mining and manufacturing, 





there has for years past been a dreadful scarcity of water. 
The inhabitants have had to drink water of a very foul 
description, and fever has been greatly prevalent, together 
with smallpox. The Local Board is now taking measures 
to.obtain an adequate supply.of good water, and is acting 
in conjunction with the Chesterfield Rural Sanitary Au- 
thority. Mr. Frith, the engineer of the scheme, has allo- 
cated 35007. as the proportion of the cost to the Dronfield 
Board for the supply of their district, exclusive of the cost 
of relaying the pipes, an estimate of which will be shortly 
supplied. The money for carrying out the work is to be 
borrowed from the Public Works Loan Commissioners, 
and is to be repayable in thirty years. 


4 Town and its Water Supply.—Curious Case.—A 
short time ago some gentlemen were boring for coal ina 
field near Retford, when they discovered a valuable spring 
of water. They relinquished the coal scheme and float 
a company to supply Retford with water, Mr. C. Tomlinson, 
of Rotherham, being the engineer. The Retford Council re- 
fused to let the company break up the streets of the town, 
so the latter persons introduced a Bill into Parliament. The 
Council thereupon started a counter scheme, purchas 
land to the south-east of the town and commenced boring 
under the direction of Mr. Fairbank, engineer, London. 
They have now reached a depth of 170 ft. and hope to meet 
with a supply of water. The question of who shall supply 
the town with water will be fought out in Parliament. 


Tue Borter INsuRANCE AND StgAmM PowER Com- 
PANY.—In our last number we noticed the appointment of 
Mr. Niel McDougal as engineer-in-chief of this company. 
We should also mention that Mr. J. F. L. Crossland has 
been appointed as assistant engineer. Mr. Crossland has 
been 15 years in the service of the company, and the 
appointment will we think give much satisfaction to their 
local clients, to whom he his well known. 


Srext Raits 1In GeRMANY.—Some recent statements of 
French ironmasters before a German Commission on the 
causes of industrial depression, throw some light on the ques- 
tion of the cost of steel rails in Germany. M. Jordan, a 
director of the Marseilles Blast Furnaces Company, stated 
that it was possible at Krupp’s works to turn out a ton of 
Bessemer pig for 2l. 12s. to 2. 16s., and a ton of steel rails 
for 51. 4s., first cost. The representative of Krupp’s firm 
before the German Commission declined to give any in- 
formation as to the cost of production. The other German 
rail manufacturers exami ted their cost of pro- 
ducing steel rails at 











61. 6s. per ton, exclusive of general ex- 








ined, estima 
penses. 




















G, Apri 18, 1879. 





ENG 








BLAST FURNACE, BLOWING ENGINES, AND BOILERS, AT THE works 


(For Deseriptify 



































Py ee Se 














-_— 
pe ~ Q* --eneeeend ge ab 





+L. 








fees 0 OF aoe 














Ss 
a 



































SOs 















































Ps ee 
~ 

















ay aa 


jell es ee 4 













































20-4 = 
? 








= 





ul yond 74 s7eaut ‘aged %% 





Bolts %; ros 3,'on top of 6"pipe 


amp 3” Iron Cast Iron Plate to be bolted 


Lo? ow 





€2.f..2.¢ 





* p+ Centre Wind pipe 
. 


















OF THE MEIER IRON COMPANY, ST. CLAIR COUNTY, ILL, U.S.A. 
see Page 315.) 


ep 2s4se7ese 
et esl Ett 



























































pom--—-—-——-- 38.6" to Wall of Engine Hoase 





bars 17'6" x 2% 











| The Butler hus a fall of 2" from the Frént tothe Rear oud 
aul the floor arise, 2 nm ° e e . 
Ld ip 20 Lid 


























22'e 















































ApriL 18, 1879.] 





ENGINEERING. 


315 





AMERICAN IRON AND STEEL WORKS. 
By A. L. Houiey and Lenox Sara. 


No, XXXVI—TueE Works of THE Meter Iron 
Company. 

TuHeEse works are situated at Bessemer Station, 
St. Clair County, Illinois, on the East St. Louis and 
Carondelet Railway, opposite South St. Louis, aloca- 
tion convenient to the famous iron ores of Missouri, 
and commanding the navigation of the Lower 
Mississippi and excellent railroad facilities for 
obtaining raw matcrials and for the distribution of 
the product. The works areshown in general plan 
in the engraving, Fig. 1, on page 318, and consist of 
two blast furnaces with their appliances and acces- 
sories, the plant combining many improvements of 
assured value. There are also highly improved coal 
washing and coke works, to which we shall further 
refer hereafter. 





foundations have been already described, rises from 
a bed of concrete 45 ft. in diameter, a distance of 
9 ft., in three offsets of rubble, and one of hard 
brick in cement, then follows a hollow octagon 
18 ft, in the clear, 5 ft. 6in. walls, 18 ft. high, then 
a conical shaft 25 ft. 6 in. at the base, 12 ft. at 
the top, and 180 ft. high, capped by a plain cast- 
iron ring. The walls are four bricks in thickness 
at the bottom, and one brick thick at the top, 
and the firebrick lining is entirely separate and is 
83 ft, in height. 

The engine and boiler-house, Figs. 5 to 7 of our 
two-page engraving, is of brick with a basement of 
rubble stone walls, which start with the engine 
foundations from a layer of concrete 1 ft. thick. 
These foundations are very solid, being built of 
hard brick in cement, and capped by cut stone. 
The cellar contains a large reservoir for clarified 
water. The engine-house is 41 ft. by 73 ft., and 





is 140 ft. 6 in. long and 26 ft. wide, and consists of 
two I beams supported on columns, all of wrought 
iron. It is traversed by a double track, on which 
run two four-wheeled cars, each carrying four 
buggies of ore or coke. The railway is Nero by 
means of wire ropes wound upon two by a 
pair of hoisting engines having each two cylinders, 
12 in. by 18 in., the engines being so arranged that 
each may be used separately, each may turn both 
drums, or they may be used jointly. The tracks 
terminate in the middle of the bridge between the 
furnaces, which is 72} ft. long by 18 ft. wide, rest- 
ing on columns in the middle, and on the 
brackets at the ends; it is built of wrought iron. 
Around the bridge and galleries, which are 34 ft. in 
diameter, a fence is built 44 ft. high.* 

The works are accessible in every part by means 
of a standard gauge railway which traverses them. 
As these works, although completed, are at the 
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Owing to the limited bearing capacity of the soil, 
the subfoundations of the more important construc- 
tions, such as the furnaces, hot-blast stoves, and 
chimney were formed by driving white-oak piles, 
22 ft. long, by 10 in. to 15 in, in diameter, upon 
which was placed a grillage of two courses of 19-in. 
by 12-in. oak encased in 3}-ft. hydraulic concrete, 
while on this was placed hammer-dressed rubble, 
hard brick, and brick arches. The foundations 
are shown in section and plan by Fig. 2 on page 318. 
The casting-house, stock-house, and engine-house 
have wide concrete bases under rubble foundation 
walls, as have also the boiler walls and boiler shed. 

The construction of one of the blast furnaces is 
shown in detail by Figs. 3 and 4 of the two-page 
engraving which we publish this week. The fur- 
naces have closed tops worked by hydraulic power, 
the rams below being controlled by means of wire 
cords from the gallery. They are of uniform dimen- 
sions, 60 ft. high and 17 ft. in diameter at the boshes. 
The outer shells are of red brick braced with iron 
bands, the in-walls being of Laclede (Missouri) fire- 
brick, and the bottoms of Stourbridge firebrick. 
One furnace has a hearth and bosh of Stourbridge 
and the other of Mount Savage (Maryland) firebrick. 
The outer shells and in-walls are each supported by 
sets of cast-iron columns, eight in each set. 

_ The stoves are of the Whitwell type, and are 
eight in number, 22 ft. in diameter, and 28 ft. high. 
They are constructed of one-half Stourbridge, and 
one-half Missouri firebrick, and encased in plate 
iron. 

. The chimney stack is 204 ft. high and 10 ft. 6 in. 
in clear diameter at the top, the dimensions bein 
such as would suffice for a third furnace shoul 
another be erected. The stack, of which the sub- 








31 ft. high, and contains three blowing engines, 
shown by Figs. 5 and 6, each having a 38 in. 
steam, and 8(in. blowing cylinder, and 4 ft. 6 in. 
stroke. The engines have each two flywheels, 
14ft. in diameter, and weighing 10 tons, 

The boiler-house is 82 ft. by 83 ft., and contains 
five batteries of two boilers each, with room for 
as many more if required. In front of each batte 
a firebrick combustion chamber is built. Eac 
battery communicates by means of an 8 in. pipe 
with the 20 in. main steam pipe, from which an 
18 in. pipe leads to the engine-house, branching 
there into two 15 in. pipes. The water is to be 
purified by lime precipitation before entering the 
boilers. The boilers are shown by Figs. 8 to 13, 
and are 42 in. in diameter by 60 ft. long. They 
have a fall of 2in. from the front to the rear 
end, and the floor of the boiler-house rises 2 in, 
from the front to the rear end, The smoke and 
gases are all carried in underground flues of. red 
brick with firebrick lining, and varying in section 
from 8 ft. by 4 ft. to 6} ft. by 7 ft. 

The stock-house is 200 ft. by 95 ft., with two ore 
and two coke tracks. <A retaining wall is built on 
one side to retain the filling about the furnaces on 
which the main smoke flue and slag tracks rest, 
The four tracks which traverse the stock-house are 
upon trestles to facilitate the convenient dumping 
of the ore and coke into the r receptacles. 
The stock-house floor is about level with natura 
ground, and sécure from all ordinary high water, a 
temporary floor 10ft. higher being contemplated 
for unusually high water, and which can be erected 
at a few hours’ notice. 

The inclined ing plane extends from the 


time of our writing not yet in operation, no mention 
can be made of experience or peculiarities of practice. 
The estimated consumption is 160 tons of ore, 
120 tons of coke, and 30 tons of limestone, with 
production of 100 tons pig metal per day. It is 
the intention to use coke as a fuel, with the addi- 
tion of a small amount of ‘ Big Muddy” (Illinois) 
block coal in order to get an abundance of gas 
for the hot blast stoves and boilers. 

In connexion with the iron works, the many 
has one, wari East St. engl bee at gian 
ovens and appliances for purifying the coal by sizing 
and Mag From a f sewo read by Mr. E. D. 
Meier, M.E., before the Engineers’ Club of St. 
Louis in June, 1876, we glean some interesting re- 
sults of the process. e jig used: was invented 
by Mr. Peter Osterspey, of Yrechernich, Rhenish 
Prussia, and was ada to operating upon Belle- 
ville (Illinois) coal after a series of interesting ex- 

eriments. ‘To insure good results the coal should 

e crushed sufficiently to render possible a me- 
chanical ny gies of the components, and prevent 
the large flat pieces of the lighter material from 
floating small and heavier pieces. The crushing 
should be so arranged as to break the material into 
grains whose three dimensions constitute tolerably 
regular polyhedrons, the grains having been sepa- 
rated according to size by previous screening. 
Suction in the jigs must be prevented, as it interferes 
with the action of specific gravity. The process is 
analogous to that used in the Saarbriicken district 
of Rhenish Prussia, the coals of which region con- 





* Two tw full details of the 
3 wo pues earns ot te 
Tron Works appeared in EnGiwEeRING of July 2 | 





centre of the stock-house to the charging level ; it 
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tain fewer kinds of impurities and are richer in 
carbon than the Belleville coal, a reduction of the 
ntage of ash in the former from 19 to 9 suffic- 
ing to make merchantable coke. The Illinois coal 
was found to contain six different components me- 
chanically mixed, and easily to be distinguished and 
by -— or hand, and with different specific 

—— as follows: 
coal .... 1.29 specific gravity, 3 per cent. to 

5 cent. ash. 

Bituminous shale ... 1.935 ae gravity, 72.25 per cent. 


aoe 


an about = 

ic spar . a 

— dé 4.90 
, about 


we 2.67 

The bituminous shale contains a great deal of gas, 
and hence is useful in boiler coal, but the excess of 
ash contained renders.it injurious in coke, while it is 
difficult to separate it from pure coal on account of 
its small specific gravity. The calc spar reveals its 
om mag so plainly that it is easily dealt with. The 

lay is difficult to treat owing to its clogging 
the meshes of the screens, choking the elevator 
buckets, and settling in a film over the washed coal. 
The flaky structure of many of the impurities renders 
suction almost certain to prevent accurate washing. 
Regarding the size of _— treated, the washing of 
lin, grains was found to be impracticable because 
of the thin lamellar structure of the coal, and 
although it was attempted to wash grains measuring 
0.5 in.,it was found necessary to reduce the maximum 
to 0.42in., which caused a reduction of quantity in 
greater ratio than it improved the quality. 

The jig as finally adapted to working on Belle- 
ville coal is shown err 14, 15, and 16, page 315. 
The upper box A B is composed of 2 in. plank 
feathered at the joints, and bolted to a stout bottom 
frame of 4 iv. by 8in.scantling, and an upper frame 
3 in. by 6 in. e bottom frame serves to rest the 
box on floor timbers, either lengthwise or crosswise 
as most convenient. The lower box C, also of 2 in. 
=. fits into the other one, and is secured by 

eavy feathers and bolts, It is pointed towards the 
bottom to cause the fireclay, &c., to settle around 
the mud valve M through which it is discharged. 

The upper box has arear chamber B with plunger 
P, and is separated from the forward chamber A with 
the screen bottom g oy means of the diaphragm E. 
This is double, anf mits the water supply pipe 
W, and the mud-valve rod r, both of which pass 
through thecross platee, which forms a fulcrum forthe 
mud-valve lever m, and a support for the housing H 
carrying the two shafts. e forward shaft carries 
a pulley S and a slotted crosshead T, in which a 
tee-handed bolt I is clamped at a point giving the 
desired stroke. A sleeve on the bolt I works in 
boxes sliding freely on the guides G attached to 
the rear shaft, thus giving a quick downstroke and 
slow upstroke to the arm K and the plunger P. 

The g is made of fine wire cloth supported on 
coarser nétting or on ane enero plates ‘of’ iron, 
braced by six small angle irons crosswise and two 
heavier ones lengthwise, held down by keybolts a a, 
and resting on @ narrow cast-iron frame //f By 
driving back the keys and unshipping the six bolts 
aathe whole bed can be lifted out and replaced in 
ten minutes. By having a few extra bed screens on 
hand, delays are avoided iu case of choking up with 
fireclay, or in repairing the screens, 

The coal is fed through a hopper F, and under 
the slide J, which regulates the quantity. It is 


jigged along the whole length of the screen g, the 
washed pm discharging over the bridge through the 
hopper D. The slates and dross pass through a 


slot flush with the bed screen and through the valve 
V and drop into a pocket, from which they are oc- 
casionally drawn by means of the slate valve O. 

The main valve V (Fig. 14) consists of part of 
the periphery of a cylindrical roller, which has been 
perforated by a number of el triangular prisms. 

is presents to the di slots a number of 
triangular openings, giving equally distributed over 
its entire width just as much free area as is required 
to continuously discharge the drossas it accumulates 
on the bed g. When it becomes n to open 
the valve O the valve V is momentarily closed b 
turning the lever » until V presents its smoot 
cylindrical surface to the disc slot. Then O 
is thrown suddenly open, the dross washes out, O is 
as rapidly closed, and V slowly returned to the posi- 
tion previously determined as giving the required 
discharged area. The plunger has the valves ¢ ¢ of 
such opening as to prevent any posibility of suction. 

The feed-pipe w supplies water when needed to 
fill the jig, or tosupply the waste when V is closed 


and © is open, The value of having the lower 
i as far as possible from the feed, and of 
= width of the ng ep in weting 
or concentrating ores, wi aj upon 
reflection, and it is fully domenateatod in the work- 
ing of the jig. 

A certain number of strokes are necessary to 
create regular layers of materials of different 
gravities. These layers will, in the uniform action 
of the upward currents of water, be of equal 
thickness across the jig, i.c., ee age to the 
line of travel.. The lower or heavier icles, as 
well as the upper or lighter ones, should be removed 
without disturbing that equilibriam whieh has been 
so carefully established, and which is expressed in 
their uniform thickness, Hence they should be re- 
moved on the side ee the feed hopper, and 
in even layers of. the full width above as below. 
The overflow over the bridge is regulated in this 
sense by the regular parallel valves; the discharge 
through the oe eg rs! valve is of a constant thick- 
ness, andis evenly distributed over the whole width of 
the front. 

The sizing in the jig as originally used was 
effected by means of a series of rectangular screens 
horizontally shaken A cam motion, but this was 
discontinued as it failed to remove the dust, choked 
frequently, and sized imperfectly. A dust drum 
was substituted, which removed everything of less 
than 4, in., amounting to 13.8 per cent of the whole 
quantity and containing 26 per cent of ash ; the 86.2 
per cent remaining contained 17 per cent, ash out 
of slack varying from 18 to 22 per cent. ash. The 
washed product contained an average of only 11.2 
per cent ash. A large classifying drum was then 
putin, which gave four sizes as follows: 


in. Per Cent. 


in, 
L. aes 0.10 to 0.20 containing 7.25 te g 
2. _- ——-.hlt.lCre 
8. a  . a. . 
4 . oe | op 


After an experience of some months duration, it 
was found necessary to abandon using the largest 
size above given, and having put in sufficient jigs to 
meet the deficiency in quantity, it was decided to 
use grains of , in. to 0.42 in. in size and to use four 
sizes, all of which were double washed. The four 
sizes used were as follows : 

I. 0.06 in. to 0.10 in. 


II. 0.10 ,, 0.20 in. 
IIT. 0.20 ,, 0.30 in. 
IV. 0.30 ,, 0.42 in. 


The ash was now reduced in the average result to 
54 or 6} per cent,, and everything over 0.42 in. 
was first passed through a coarse jig and there re- 
crushed, sized, and sent to the jigs. 


Recapitulation. 
Total reduc- 
Per Cent. Ash. tion in Per 
, Cent. Ash. 
Slack coal as received 18 to 22 
After passing dust drum 16.5 ,, 17.5 
A reduction of ... ons » 45 1.5 to 4.5 
After single washing 
without sizing... eee 11.2 
A farther reduction of... 5.3 ,, 63 6.8 ,, 10.8 
After single washing with 
pond ond sal ~»- 9.0 
A farther reduction of... 2.2 9.0 ,, 13.0 
After double washing 
with sizi iss ws 5.5 5, 7.0 
A further reduction of ... 2.0 ,, 35 12.5 ,, 15.0 


Or in round numbers the reduction in the per- 
centage of ash was from 20 to 6, accomplished with 
a loss of 34 per cent. in weight, i.e., 100 Ib. slack 
furnish 66 Ib. of washed having respectively 
20 per cent. and 6 per cent. of ash. Hence in these 
66 Ib. of washed coal there are 4 ib. of ash 
leaving in the 34 Ib. lost 16 Ib. of ash i.c., the dross 
discard ed has 47 per cent. ash and holds most of 
the sulphur of the original mass. This result was 
much better than was obtained in the original experi- 
ments, since it was obtained without saving the mid- 
dlings, which would give if saved much too fine grain 
for treatment on a jig. 

By relaxing the limits of quality the quantity of 
slack treated can easily be doubled or trebled, but 
in cases in which the addition of 2 per cent: of 
ash may add nearly 1 per cent. of sulphur, as in the 
case of Belleville coal, of course this is out of the 
question. The quantities washed preserving the 
quality above described, varied from 30 Ib. for the 
smallest size I., to 223 Ib. for size IV. per hour per 
inch of width, the total capacity being 21,200 1b. of 
slack per hour. With coals of Pennsylvania the same 








machinery could easily furnish 60,000 lb. per hour. 


CIVIL ENGINEERING AT THE PARIS 
EXHIBITION.—No. VIII. 
THE TovuLon GRAVING Docks, 
(Continued from page 289.) 

THE ifenies are os calculations for different 
degrees of immersion ; for ter. simplicity th 
tenn hana Sadie iabndeinaastes dined 

]. Calculations for immersion. 

2. Calculations of resistances properly so called, 
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I. Line of Flotation 6 m. (4.10 m. of Displacement),— 
The cube of water displaced having to balance the 
weight of caisson and masonry. 


Caisson 144x41=5904 sq. m.—( 27.40 x Be 
=5800 sq. m. X 4.10=23,780 tons of 2200 kilos.—10.800 


cube metres of water. 
Caisson and Masonry: Cube Metres. 
Lower caisson 1800 tons of 2100 kilos. 813 
Inner wall 3.10 1.50 x34 ... ose .599 


Longitudinal intermediate girder 2x 
141X2x1.50 


aon oo 17X35 2 x 1.5... 1.785 
Flooring X1m.... eve a 5.800 


Total ... 10.843 


IL. Line of Flotation 12 m. (10.10 m. of Displacement). 
—The cube of water dis having to balance 
the weight of caisson and masonry. 


Cube Metres. 
Caisson 5800 x 10.10=58,580 equiva- 
lent to aie ose on «» 26.627 
Entrance caisson 5.75 x 27.5 x 1.50= 
237, equivalent £0 oe aoe eee 108 
Total ... 26.735 
Caisson and Mason 


Caisson 1800 x 360 = 2150 equiva- 








lent to ose aia “ie on 977 
Lateral portion for a length of 8 m. : 
Floor 13.66xX8x4 ... eco ae 48712 
Walls x a x6.10 .., .26840 
Total ... — ‘id ae -70552 
Deduction to be made for one bay ... -18087 
Net in one of 8 m. 52465 
For 30 such bays 524.65 x 30 ° 15.73950 
Central portion for one bay 13.66 » 8 
x4 ave a een eco pom 43712 
Deduction oe -11700 
Net total for one ood eee 82012 
For 16 such bays 320.12 16 5.12192 
ce: 
Lower portion 41 x 8 x 4 1.31200 
Wall 46.00% 4*7 x 6.10 1.54330 
orion 2.85530 
Deduct ... -46962 
Total 2.38568 
End of caisson : 
Lower portion ax2%I6 x 18.66X4.00 1.36600 
13.66 x 8 x & os. 43712 
Wall 50x = x 6.10 1.67750 
3.48062 
Deduct aoe 60500 
_ Net total cube metres 2.87562 
ummary : 
Sides : of caisson 15.73950 
Central portion 5.12192 
End... ie Ao pan ose 2.87562 
Total ... out om $60 26.12272 
Il. Flotation 17.5. m. (15.60 m.- Displacement).— 
The cube of water displaced required to balance the 
weight of the caisson and masonry being: 
sey 
Caisson 5.800 x 15.60=90.480 ...  — ».- . 
Movable alien at end 11.25 x 28.75 
x 150 “4 one one aoe oe -220 
Total =... 41.347 
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aisson and Masonry : Cube Metres. | its area is a little ter than that of the caisson.| Different establishments are equi with ex- 
“Caisson 2500 tons equivalent tow. 1.196 The material por scarer consists of made ground | pensive or cheap machines and implements, as the 
Sides: t 52465 | near the surface, ey. made up from the excava-| nature of the work or the means at hand will 
ae ea i edatiian “Sasi | tion of the old Castignaux dock ; beneath the soil| allow. Industries are too new to have old worn- 
, a RGAE : is alluvial, the side slopes are paved with stone. | out omlometie, as with us, held on to pag oval 
Upper wall 8x ———5=50= 148 The springs met with involve pumping to an amount | they should be thrown out and replaced, so as 
Deduct voids _, |e of about 7000 gallons per hour. remarked the difference is one of class rather than 
— quality, in eo far as these two things can be sepa- 
et «4 ‘ 8774 rated. One may buy in America a mortising ma- 
Net total £ be "90620 ENGLISH INDUSTRIES AND AMERICAN | chine for woodwork for 75/., or another of 
—.. te ial Sow mel y - = ae COMPETITION. —" in ——- — endurance excepted, — 
Central portion: One bay=13.66 x 8 (Continued from page 209.) ). Here such a difference would be impossible 
or ao a INVESTED CAPITAL. without the machine being old, out of date, 
For 16 bays=.43712 x 16 a 6.99392 In nearly all American aye especially | or insufficient for the purpose intended. ‘The market 
Entrance : Net total cube metres 2.68666 in wood and metal working, to which our remarks|io America ds both the cheapest and the 
End : = og > iia - , gly f dock 8.66562 mostly apply, there seems to be some way of| most expensive implements, and both are made to 
Eats "3 <7 —* going on with much less invested capital than in| meet this demand. A low investment may indicate 
120 x == x68 5.400 this country. We will not say less in other| cheap equipment but never inefficient equipment, 
other European countries, for there are some where|the want of excellence in machinery and tools 
Summary : 1.136 the investment to each man employed ranks even | generally being provided for in the skill to operate 
— * 20.886 below America ; compared with England, however, | and keep them in order. 
Central portion re 699392 ‘| the difference is very great. An engineer's fitting shop, as an example, includ- 
Entrance oo 2.68666 It must be admitted that there are in this| ing buildings, steam power, a good equipment of 
eae mi 3.66582 country some establishments wherein the invest- | tools, the premises warmed, and everything in good 
Ballast = « one 5. ment is no more or is even less than in similar| order, can be pre in America for the sum of 
Total 4.76820. | Works in America, and where too American in- | 200/. for each workman employed, where the whole 
: oe Bonn ce Le _ | genuity, as well as economy, is equalled if not sur-| number exceeds fifty. Ev is planned for 
IV. Sinking below 17.50 m.—The additional bal d, but their number is not many and their| economy. There is generally no architect, masons 
last corresponding to the displacement of the water | influence in shaping modern practice has not been | or joiners furnish specifications for such buildings, 
in one-half of the working chambers=120 x 20x | much felt in a general way. and custom provides for a hundred small details 
5=12,000=6.600 cube metres. Our remarks must, as said at the outset, apply to| which with us are minutely described ; in many cases 
Calculations for Resistances.—By referring to the | the general conditions of skilled industry, employing | it is best to leave a considerable of detail to a 
previous investigation these will easily be found; | specific examples only where they are required in| contractor, who, if respectable, will perhaps exceed 
they are given in the tabular form annexed. illustration ; otherwise there would be no trouble|in the quality of his work and material what a 





CALCULATIONS FOR RESISTANCES WITH DIFFERENT DEPTHS OF IMMERSION. 


1. With an immersion of 6 metres or 4.10 m. 
Pint = 4.10 m. x 2.05 


4Pf =20.50x4.10 
4 P; =0 = 06 
__ 1800 
iP, rT 
4 =6.35 m. X 20.5 m. X 2200 k.==65.670 k. 








pt 
pb=3.10 m.x1.55 2200k.=10.230 M 


displacement. “<a 
om = . 
= 8.405 k.Mp r= 8.405 « = ee 11.510 


= 6.250 My p= 6.250x10.25= 6.460 7 


My, s=85.670x 10.25=673.168 } ~204.8 


— pb =10.230x 9.50= 97.090 J 





=M —*38.700 
Wines Ra B70 178.400, or .478 k. per square millimetre 
R,=28-702_349 000, or .342 k. per square millimetre 
2. With an immersion of 12 m. (10.10 m. of displacement). 
Pl=10.10m. x 5.05= 50.105 M,p, = 50.105x 1010 = 171,894) 
} P f=20.50 x 10.10 =207.050 My p ¢ =207.050x 10.25 =2,121.750 | 9.998.584 
}Pl= 0 = 0 Min = = 0 
+P, =6.250k.atl025—H39= 205 My, = 64.060-49.600 = 14.460 
bof = gg m.X2200= 48.500k. My, ¢ = 43.500X 3.415 m= 148,552 ~2,298.260 
p b=——e. m. x 2200=144.276 M, b 144,276 x 14.700 wetisenmeeed 
Under these conditions equilibrium is maintained. 
8. With an immersion of 17.50 (displacement= 15.60). 
P 1=15.60 x 7.80 m. =121.680k. M, p, =121.680 x 40 = 698.796) | ss 186 
3 P f=20.50 x 15.60 =319.800 M4 p -=819.800 x 10.25 =3,277.450 : 
ipl =e 2.200 = 49.500 My, = 49.500x 2.50 = 128,150 
¢pe= 0 My pe = 0 4 = 14,460 —3,339.920 
4 pf =13.66X2 m. x 2200 kilos= 60.104 Mins = 60.104x 3.415= 205,354 
p ass =191.866 M,,, =191.866%15.62 =2,996.946 
+ 571.266 


Whence R—571.266 


pi. 571.266 


9808 7,050.000, or 7.05 k. per square millimetre. 


——- = 5,050.000, or 5.05 k. per square millimetre. 


-1136 


_ The construction of the caisson, and sinking it 
it in the water, required careful consideration, be- 
cause of the risks attending the building of such a 
structure, and afterwards launching it. It was 
finally determined to form a temporary basin near 
the site of the dock, to erect the caisson therein, 
and afterwards float it into position, The excava- 
tion of this basin was in itself a considerable work, 
aud the constant pumping required, added largely 
to the cost, but it greatly facilitated operations, and 
insured safety during the construction. As soon as 
the caisson is complete it will be floated out, 
and the entrance again closed by means of a dam 
for the second caisson. Finally the basin will be 
filled up. This basin is shown on the general plan 
(see page 503 of our last volume) ; the ho of the 
bottom is about 7 ft. 3 in. below that of high tide, 





in giving examples which would show thatinnearlyall 
branches there are here people who are not wanting 
in either enterprise or knowledge, and have kept 
abreast with the progress made in a!l parts of the 
world. In comparing industrial investments in 
America and Europe we will, in the first place, re- 
vert to one general difference, withoutsome explana. 
tion of which such comparisons would seem unfair. 
In respect to what may be called equipment, or 
lant, in America it differs in class, while in 
urope it differs in quality. To illustrate by an 
example, an engine lathe of any given size is sold in 
England for a price which is tolerably uniform, 
there being no very great difference in quality, or, 
at least none to speak of compared to America, 
where the value of a lathe of si capacity would 
vary in commercial value as two to one. 





specification would include, 

The buildings, however, are not where the main 
difference exists. It is in the fittings as they may 
be called. Erecting and fixing steam engine shafts, 
steam or water pipes, heating apparatus, and so on, 
is in nearly all cases done by those who use them, 
and usually at a small part of the expense which 
the same work costs here. 

Wrought-iron pipes are screwed to a uniform 
standard, the ends tapered and the screw threads 
carefully made as to angle and smoothness ; any one 
erects such pipes and fixes hundreds of feet without 
expecting leaks even under high pressure, Of such 
pipes something more has been said under another 


Next, in respect to shafts for transmitting power; 
we scarcely know how to comment on this matter 
without passing some very severe criticisms on Euro- 
pean practice. At present we are speaking of invested 
capital, and if a particular example had to be selected 
to show where American practice had the greatest ad- 
vantage in this respect, line shafts would be that 
example. The cost of fastening to ceilings—where 
such shafts are usually fixed in that country—does 
not, we think, exceed 2 per cent. upon the value of 
the shafts, whereas under old methods this expense 
often equalled, and sometimes exceeded, the whole 
value of shafts, even when they with their fittings 
were furnished at a rate per hundredweight. 

There is perhaps no better place than the present 
one to enter somewhat fully into the subject of 
shafts and their details as a part of American equip- 
ment. The subject is as much an economical as it 
is « mechanical one, and as well considered here as 
elsewhere. In the first , the fittings as we will 
call them, such as brackets, plummer-blocks, con- 
necting couplings, keys, andso on, are made uniform 
and interchangeable, so that except a ‘ i 
length,” which is usually made longer than the other 
pieces, the shafts and all that belong to them are 
interchangeable. There is no fitting certain coup- 
lings or bearings to laces. Shafts are 
made and sold as an article of merchandise, and can 
be erected under any combination desired so long as 
the diameter is the same. 

In respect to diameter, however, there is a fault 
which is at strange variance with other things. The 
sizes are usually by odd sixteenths, that is, 144 in. 
or 275 in., instead of 2 in. and 24 in, in diameter. ‘The 
only reason given for this is that merchant bars 
are generally rolled to eighths and quarters of 
inches in diameter, and the turned are one- 
sixteenth of an inch less, The idea of accommo- 
dating the finished dimensions of shafts to the 
convenience of rolling mills is one which English 


engineers will be slow to com d, 
A similar feature of American ice is makin, 
small shafts to vary by eighths of an inch 


of by quarters, as with us. To vary by quarters 
above an inch in diameter, and by eighths for lesser 





diameters, certainly meets all practical require- 
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ments, besides saving a large number of extra tools 
required when shafts 1,5 in., ly in., 1,% in., and 
litin. diameter are used. 
_ Returning to the subject of line shafts, the bear. 
ings are generally made of cast iron, as the most hard 
and durable material. To prevent danger of ‘ pull- 
ing,” these bearings are made very long, so as to 
diminish the pressure on the surfaces, and because 
made long they must be pivotted, that is, they must 
be free to yield with the irregularities of the shafts 
as to straightness, or from deflection caused by the 
strain of bands or gearing. 

Theoretically, shafts run true; practically, they 
do not ; and unless their vibrations are provided for 
by pivoting the bearings so that they may oscillate, 


(For Description, see Page 324.) 
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such bearings must be made short, and because short 
they are liable to wear and abrasion, and must be of 
brass or soft material of some kind to avoid danger 
of * pulling,” or “‘ cutting” the shafts. , 
Pivotted bearings, after scores of modifications, 
have finally settled down into a standard type, 
and by employing special machine tools for fit- 
ting them, the price has been so far reduced that 
they are supplied for the same or nearly the same 
cost as those made rigid, to say nothing of erecting ; 
but if this is included the oscillating bearings are 
much cheaper, because no time is lost in ‘ adjusting 
them to line.” In respect to couplings for connect- 
shafts, as well as brackets and bearings, there 
appeared in ENGINEERING of May 14th and 28th, 





and July 30th, of 1875, illustrated articles 
on “American Line Shaft. Fittings,” by Mr. J. 
Richards, to which our readers may be referred. 
These couplings are of several forms, but all with 
one general object, to be interchangeable and capable 
of being removed and replaced without damage and 
without trouble. In fitting up a mill or factory in 
America the shafting with its fittings are bought 
at a specific price per foot of length for the rods, 
and for each bracket pedestal or coupling, so that 
the exact expense is known beforehand. Erecting, 
as before said, is so simple a matter as to not require 
special skill, and does not often exceed 2 per cent. 
on the value of the machinery. Those who prepare 
shafts and fittings rarely ever erect them, as it would 
cost more to send men and tools to do the work 
than tne erecting is worth. Even steam engines, 
except of large size, are generally set up by those 
who buy them, and that heavy expense of fixing so 
common in Europe is in most cases avoided, 

There is no doubt that those who make machines 
best understand how to erect them, if the erecting 
is to be done where the machines are made, but in 
a strange place, and when the familiar appliances are 
wanting, men sent out do but little, and the 
American plan of helping oneself is an economical 
one, or at least keeps down investments far below 
what they would be under our system. 

In the manufacture of woodwork, such as joinery, 
cabinet-work, carriage- making, and so on, the 
invested capital in America compared with produc- 
tion is certainly not more than one-half it is in this 
country. This is a bold statement, but it is not 
made without some knowledge of the matter. Taking 
three of our modern railway carriage works, which 
we have in mind, the equipment in shafts, founda- 
tions, and machines for wood-working alone, we will, 
at a guess, place at not less than 15,000/. for each, In 
one case the invested capital in wood-cutting ap- 
pliances alone must be equal to 20/. for each carriage 
and wagon owned by the line, while judging from 
careful observation we are inclined to place the in- 
vestment for the same amount of work in an 
American establishment of equal capacity at one- 
third as much, There are exceptions in our practice, 
itis true, and some of our railway and other wagon 
and carriage-making establishments are economically 
fitted and arranged, but, on the whole, comparing 
the two countries together, we incline to the opinion 
that the proportion of investment rated on the 
work done, measured as to either amount or value, 
is as two to one. Some of the reasons for this may 
be stated as follows: The shafts for transmittting 
power in American wood-working establishments 
rarely ever exceed one-tenth of the investment in 
machinery, not counting the motive power. These 
shafts are light, the pulleys carefully balanced, the 
speed high, the bearings or supports placed overhead 
instead of in a cellar on masonry. In this way there 
are no foundations to make, the shafts are in view, 
and the expense is not more than one-fourth as 
much, while the machines which require founda- 
tions a great deal more than shafts do, are set on 
the ground, where they are firm, 

We are well aware of all the arguments used in 
respect to making cellars beneath wood-cuttin 
machines to accommodate shafts, but after a carefu 
examination of both plans, we incline to the opinion 
that the method greatly increases investment and 
nothing is gained ; on the contrary, much is lost, be- 
cause, as before said, the machines, instead of shafts, 
should have foundations, and if shafts are madeas they 
ought to be, they would work as well when suspended 
from ceilings as when me in cellars on masonry. 
This matter, which belongs to the arrangement of 
such factories, is one of the principal causes of large 
investments. Secondly, there is the character of 
the machines employed, but we can here scarcel 
go into the detail required to point out how suc 
investments are kept down in America. 

In regard to wood-working, however, it may be 
remarked here that the adaptation of machines to 
their purposes has progressed exceedingly fast to 
America, because of the uniformity of these pur- 
poses throughout the country, and from the co- 
operative system before explained. Assuming a 
period of twenty years past, European practice in 
this line has diverged from the American system to a 
degree which can scarcely be believed except after a 
thorough investigation of the matter. Our machines 
have been growing stronger, heavier, better made, 
more expensive, and with a tendency to one uniform 
class. ‘I‘heir working efficiency has not advanced 
in the same proportion; indeed some of the most 
effective and durable machines of the kind which we 
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can now refer to were made near fifty years ago for 
block-making at Portsmouth, and for that long time, 
near half a century, have been very constantly at 
work performing their duty with an economic effect 
perhaps greater than in my other single example 
the kingdom will furnish. The machines employed 
at Enfield for making gunstocks are examples of 
the similar kind, most of them are, however, of 
American make. 

If we contrast these machines at Portsmouth and 
Enfield with what rome of our modern engineers 
would make for the same purpose, and without ex- 
amples before them, some idea may be formed of the 
point we are trying to present, 

One other example may be named. In the Lan- 
cashire and Yorkshire Railway new carriage works 
at Newton Heath, Manchester, is a machine for 
routing, boring, and mortising the sills or main 
beams of wagons. ‘This machine in its arrangement 
corresponds in many respects to one made by Messrs. 
Perin, Panhard, and Co., of Paris, also in a more 
improved form by American makers, but the capacity 
of the Manchester machine bears but little compari- 
eon. It weighs at least two tons; there is no power 
feed for moving the timber; no arrangement for 
gauging the work, and the speed of the routing 
spindle is about as many hundreds of revolutions in 
a minute as the American or French machines run 
thousands of revolutions in the same time. Every 
mortise or hole to be bored must be laid out by means 
of templates, and the workmen must watch for 
marks and lines to work to. , 

‘The cost of a French or American machine for 
this purpose would be much less, perhaps not 
more than one-half; the timber would be moved 
by power when required, and the cutting would be 
gauged by stops, so that no laying out would be 
required except for the first of a series of uniform 
pieces. We might also mention, as before pointed 
out, that instead of placing a machine on a floor, and 
tie shaft to drive it on masonry in a cellar, the ma- 
chine would, in America, most likely have been set 
on a ground floor, and the driving shafts overhead. 
At any rate, of one thing we are certain, the invest- 
ment in the machine and its appurtenances would 
not be more than one-half what it has been in the 
case alluded to, 

(To be continued.) 








ON SIR W. THOMSON’S NAVIGATIONAL 
SOUNDING MACHINE.* 
By P. M. Swan, Member. 

Tue utility of soundings in practical navigation cannot 
be denied ; yet how often do navigators let hours go by 
without obtaining soundings, either because of the delay 
occasioned by the imperfect means at their command, or on 
account of the danger of rounding-to in heavy weather. 

Sir William Thomson, by his admirable invention, has 
put into the hands of the navigator the means of obtaining 
accurate soundings from a ship runningat full speed in water 
of any depth not exceeding 100 fathoms. The apparatus 
by which this is performed consists of a light drum 1 ft. in 
diameter, on which are coiled 300 fathoms of steel wire, 
weighing in air about 1} lb. per 100 fathoms, and capable 
of bearing when fresh from 230 Ib. to 240 lb. without 
breaking. ‘To the lower end of the wire is attached a cod- 
line 9 ft. long, to which the sinker is made fast. A brass 
tube a little over 2 ft. long, open at its lower end, and 
having a movable eap at its upper end, !is lashed to the 
cod-line. A glass tube 2 ft. long and yyth of an inch in 
diameter, coated inside with chromate ot silver, and closed 
at one end and open at the other, is placed with its open 
end down within the brass tube. A cord wound round the 
circumference of the drum is so arranged as to form a 
self-acting brake, which when the sinker is hanging over 
the stern offers enough of resistanee to prevent it from 
running down, bat whan it is being hauled in offers very 
little resistance to the turning of the drum. 

yhen a sounding is to be taken, the brake is released 
by the hand, so as to leave a force of about 7 Ib. pulling 
on the cord, by which a resistance of about 5 Ib. is opposed 
to the wire running out. When the sinker reaches the 
bottom the dram suddenly stops. The brake is then 
applied to prevent any more wire running out. The 
handles, which while the sinker was descending allowed the 
drum to revolve without being carried with it, are now 
shipped. The counter is read, and the process of hauling 
in is commenced. 

When the glass tube is brought on board again, it is 
found that the chromate of silver Las been decomposed by 
the action of the sea-water as far up as the water within 
the tube has been forced. This shows on a properly 
graduated scale the depth to which the tube has descended. 

To prevent any error arising from the difference of the 
temperature of the air and the sea into which the glass 
tube is immersed, the case in which the tubes are kept has 
double sides, so that the space between may be filled up 
with sea-water, thus allowing them to be kept at the same 
temperature as the sea. In using this machine for sounding 
there are two things to be observed : 


_* Read at the twentieth session of the Institution of 
Naval Architects. 


1. Not to let the wire kink. 

“2. Not to let the wire rust. <<) 
The proper use of the brake prevents kinking, and a tub 
with lime-water prevents rusting. To show how durable 
the wire is, I may mention that in one mail steamer the 
same piece of wire has been in use for nearly two years 
without a single sinker having been lost. This apparatus 
is now largely used in the merchant service. ? 

Referring to it, Captain Thomson, of the White Star 
steamer Britannic, says: ‘‘I have repeatedly sounded 


run without sights, we made Alesecom Light some seven 
minutes before the hour we stated to the passengers we 
should see it. It must be admitted that you have suc- 
ceeded in reducing to the simplest possible operation what 
used to be a very serious and troublesome job. I think 
our passengers took as much pleasure in the working of 
the sounding machine as we did, for in the daytime they 
would crowd round to witness the casts being taken, and 
great was their astonishment to see the whole thing done 
by two sailors and a quartermaster, with an officer stand- 


while crossing the ‘ Banks,’ going at the rate of 16 miles | ing 


er hour, two hands being only required to heave in the 

ine.”’ 

Captain Emdelle, of the Transatlantic steamer La France, 
says: ‘‘I have been able to make, during a violent gale 
of wind, exact soundings, easily obtained, and at a time 
when the use of any other methods would not have given 
me results in which I could have placed much trust.”’ 

Captain Leighton, late of the steamer Palm, who first 
brought this sounding machine into practical use, says: 
** During the voyage in the Palm steamship, I took frequent 
opportunities of testing the sounding machine when I had 
a chance of cross bearings, to verify the depths as shown 
by chart, and always found it most accurate. For instance, 
going up the Archipelago, and just after clearing the Zea 
Channel, I got a good position bearings, chart showin 
79 and 76 fathoms, two casts of your glass gave 78 an 
75 fathoms. In the Bosphorus also it gave capital results 
in 30 to 40 fathoms water. The first real use I made of the 
machine was in the Black Sea during a fog which obscured 
everything. Wishing to make sure of my position, I put 
the ship’s head for the land, and kept the machine at work. 
After running into 30 fathoms at full speed I slowed down 
and went in to 12 fathoms, then hauled out to a convenient 
depth, and put her on the course up the coast. When it 
became clear I found myself in a a 15 position, and no 
time had been lost by stopping to sound.”’ 

The following letter appeared in one of the Glasgow 
daily papers of date November 29, 1877 : 

Sir,— Having noticed about two months ago a letter in 
your paper containing some disparaging remarks on Sir 
William Thomson’s sounding machine, will you allow me 
space to give a sailor’s experience of it. On the 22nd in- 
stant, while scudding before a heavy westerly gale in a 
mineral-loaded steamer about forty miles 8.W. of Scilly, I 
obtained accurate soundings at noon with Sir William’s 
machine, which indicated 72 fathoms, fine sand, the ship 
going about 8} knots. This I verified by sighting Scilly at 
5 p.m. The soundings were taken by myself, with the 
assistance of the steward and carpenter, the sinker and 
tube being hove in by the two last-named without trouble, 
although the spray was flying heavily over the taffrail. 
Now, Sir, I venture to say, with no other apparatus could 
the soundings have been obtained with so few hands, and 
so little risk of being washed away from the winding gear. 
I have had the sounding machine on board for the last six 
months, but have refrained from giving an opinion till I 
had tested it, as on this occasion, in exceedingly bad 
weather.—I am, &c., 

A MARINER FOR Forty YEARS. 

On the chart of the English Channel on the wall is 
shown the track of the Lalla Rookh, a schooner yacht of 
126 tons, when running before a S.W. gale in thick 
weather. Referring to it Sir W. Thomson writes : 

** About 5 am. on the 6th (August, 1877), I took two 
casts, and found 98 fathoms (sand and red spots), and 101 
fathoms (sand and small shells). The mean, with a cor- 
rection of 2} futhoms to reduce to low water, according to 
the state of the tide at Ushant at the time, was 97 fathoms. 
Thenceforward I took a sounding every hour till eight in 
the evening. By writing these soundings on the edge of a 
piece of paper at distances equal, according to the scale of 
the chart, to the distances run in the intervals, with the 
edge of the paper always parallel to the course, according to 
the method of Sir James Anderson and Captain Moriarty, 
I had fixed accurately the line along which the vessel had 
sailed, and the point of it which had been reached with 
only a verification by a noon latitude. At six o’clock next 
morning by the soundings and course, with a proper 
allowance for the flood tide, I must have been about 13 
miles magnetic south of the Start, but nothing of the 
land was to be seen through the haze and ram; and 
with the assistance of about ten more casts of the lead (by 
which I was saved from passing south of St. Catherine’s) 
I made the Needles Lighthouse right ahead at a distance of 
about 3 miles at 2 p.m., having just had a glimpse of the 
high cliffs east of Portland, but no other sight of land since 
leaving Madeira and Porto Santo. In the course of the 
280 miles from the point where I struck the 100 fathom line, 
to the Needles, I took about thirty casts in depths of from 
100 fathoms to 19 fathoms without osce rounding to or 
reducing speed ; during some of the casts the s was 
10 knots, and the average rate of the last 220 miles was a 
little over 9 knots.’’ 

The other chart shows the track of the s.s. British 
Empire, while on a voyage from Liverpool to Philadelphia ; 
unfortunately it is not the original chart, as that has been 
returned to Captain Lecky, who commanded the vessel, 
and who made the very complete observations you see on 
o wall, from which the track has been laid down on the 
chart. 

In writing to Sir William Thomson, Captain Lecky 


says: 
“*Until this voyage, I had no good opportunity of put- 
ting the sounding machine thoroughly through its facings, 
but approaching the American coast during foggy weather 
gave me this time the chance I was seeking. Coming down 
inside Sable Island, we carried a continuous line of sound- 
ings 465 miles. without once slowing the vessel for this 
purpose. In all we took twenty-seven casts, or an average 
of one every 17 miles. On the chart which accompanies 





this letter, you will find plotted the position of the ship at 
every cast, and I can only say that after the above long 








‘ore concluding this paper. I would point out, that one 

ing by itself is of comparatively little use in practical 
navigation; a series of soundings is almost always neces- 
sary to determine a vessel’s position. With the ordinary 
sounding apparatus, to take a series of soundings such as 
those taken by Captain Leckey would involve an actual loss 
of time of about 4} hours, allowing the very moderate 
estimate of ten minutes for each sounding ; this becomes a 
serious matter ina run of thirty hours. ‘There is, besides, 
the chance of the vessel drifting out of her position while 
the sounding is being taken. 





MINE VENTILATORS. 
To THE EDITOR OF ENGINEERING. 

Srm,—Referring to a letter from Mr. Stokes, an assis- 
tant inspector of mines, in your last issue, I observe that 
he does not state whether the boiler fires had been ex- 
tinguished more than one or two hours, and he thus leaves 
uncomfortable Foaey eng as seem to have occurred 
previously to ‘‘ Useful ,”’ that with the quantity of 
air obtained, the heat of the mine and of the boilers and 
boiler fires had much to do. 

He seems to believe that a water gauge should be placed 
with its aperture at right angles to a current in order to 
obtain accurate results. But allow me to inform him that 
as he speaks of an unusually high velocity existing in the 
fan drift, where the water gauge was so placed, the water 

auge would read not less than in. (probably }in.) 
higher than truth from that cause alone (see discussion on 
Mr. Cochrane’s paper at the North of England Institute 
February, 1878). As pointed out by Mr. D. P. Morison 
and other practical experimenters on this subject, there is 
usually another 4; in. (presumably due to the expulsion of 
the air through the fan) difference found between the 
water gauge at the upcast and that at the fan as usually 
placed. This is due in most instances to ‘the high in- 
ternal resistance of a badly designed ventilator’’ spoken of 
by Mr. Davy. Add the in. occasioned by misplacing 
the direction of aperture to the ;’5 in. from the latter cause 
and we have the }in. more or less of difference which 
Messrs. Higson show to have existed in this case. 

It must be remembered that the velocities in the mine 
being low, no perceptible effect would be produced on the 
water gauge there from mere direction of aperture. 

The velocities in the fan drift would be very interesting, 
at least to some of your readers. Mr. Stokes should be 
referred to Hawksley’s formula for friction of air in shafts. 

April 15, 1879. ONE OF THE EIGHT. 





To THE EDITOR OF ENGINEERING. 

S1r,—As Mr. Stokes states that the experiments on the 
Leeds fan, taken by Mr. Gerrard and himself, were pub- 
lished by the makers under protest, I, therefore, discard 
the table altogether and refer only to his comments upon 
my letter. : 

With regard to the water gauge, as the height and posi- 
tion was identically the same in each case, the drag upon 
the mine must also have been the same. Mr. Stokes 
further states that the air was measured within a few 
yards from the upcast in each seam, and not at the top of 
the upcast shaft as stated in the tables sent by Messrs. W. 
Ackroyd and Brothers. ‘ 

Taking into consideration the altered position of the 
measurements of the air, this then brings us at once to the 
principle of continuity, viz.: ‘‘ When the motion of a 
fluid of constant density is considered relatively to an in- 
closed space of invariable volume which is always filled 
with the fluid, the flow into the space and the flow out of 
it, in any one given interval of time, must be equal.’ (Pro- 
fessor Rankine). , 

Therefore, the result mentioned by me required no 
modification. 


April 15, 1879. 


Yours truly, 
Joun CHATTO. 





To THE Epitor oF ENGINEERING. : 

Srr,—In the ventilation of this subject I must claim a 
high aerege ry of “useful effect,’”’ from the fact that m 
comments on Mr. Ackroyd’s letter in ENGINEERING, 14t 
of March, have drawn a communication from Mr. A. H. 
Stokes, one of the “‘ experimentalists’’ whose results are 
given. My remarks did not apply only to what Mr. 
Stokes and his colleague did, but to the whole of the 
tabulated experiments given by Mr. Ackroyd. The con- 
tradictions between the two sets are in themselves suffi- 
cient to excite suspicion ; for instance, the respective per- 
centages for the same revoiutions per minute in each case 
are, at 35 revolutions 61.7 and 50.5; at 45 revolutions 
$2.8 and 66; and at 50 revolutions 70.5 and 60. 

Sinee Mr. Stokes’ letter appeared I have procured a 
copy of the paper which should have checked me in pre- 
suming to ask “‘such dubious questions’ as I did when 
writing on 2ist of March. This paper of Mr. Stokes’ isa 
truly marvellous production; an although it contains 


much that I should like to transfer bodily to your ges 
to show what a reliable ‘‘ experimentalist’ one of - 
Majesty’s inspectors is likely to be, there is not a single 


i i it state the number of air- 
diagram of an airway, nor does it s ow wine velocities 


ways, or in how many places in each ] 
were taken. It is this want of care in not measuring the 
air in a sufficient number of points in the same air cours¢ 
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that so many errors have been made ina number of fan | not think,the Committee had selected the best plan. The|at a. reclamation works oiicising Szegedin, which we 
experiments. To take a case from my own experience, in | motion was carried by a large majority. supplied to the Sajfoki Inland Water tion Com- 


in 
one underground airway, 6 ft. 6 in. high by 5 ft. wide, the 
velocities varied between 160 ft. and 280 ft. per minute in 
different parts of the same transverse section. 

And now for a few reasons which Mr. Stokes’ letter and 
paper supply ‘‘ calculated to throw mistrust upon the ex- 
perimetalists.”” Why is it ‘difficult to obtain a correct 
measure of air with varying velocities,” and where is there 
an air course over which the velocity registered is uniform ? 
It is not difficult (for an experienced experimenter), there- 
fore if Mr. Stokes means that he only took measurements in 
one position for each drift, thinking it would be accurate for 
the whole of the section, such measurements would cer- 
tainly be worthless ‘‘for ascientific purpose.” On page 4 
of the paper “‘ the author would call attention to the work- 
ing of fans (!) by means of drop valves (Cornish valves) 
instead of slide valves ;’’ and page 5, ‘‘ the question now 
arises which takes the least power to work ? for considering 
that fan engines are constantly kept running, if only the 
eighth of a horse power per minute in any particular kind 
of valves be saved, this would amount to a large horse 

wer perday.”’ (How many horses? this is not a conun- 

rum.) ‘‘ From careful calculation of the slide valves of 
the 24 in. cylinder there appears to be about 180 square 
inches of rubbing surface of the slides (i.e. single surface) 
.... The rubbing surface of the slide valves is pressed 
against the face of the cylinder, with a pressure equal to the 
area of the valve, multiplied by the pressure of steam. In this 
ease we will take the area at 432 square inches, then 
432 x 60= 25920 Ib. ‘This pressure is again forced on; the 
180 square inches of rubbing surface.”’ This, I may re- 
mark, isa wonderful slide valve for a 24in. engine, but 
there are far more wonderful things in Mr. Stokes’ paper 
than are dreamt of in the philosophy of engineering. Con- 
tinuing (page 6), ‘‘ If we calculate the slide valve to travel, 
say, 374 ft. per minute, when the fan is going 50 revolutions 
per minute, then 25,920 x .084x7}—33,000—2.47 horse 
power per minute expended in working the slide valves.” 
Mr. Stokes, after taking these liberties with the slide 
yalve, goes on to speak of drop valves ; these he treats in a 
most unhandsome manner and calls them names; he 
says the Cornish valve “ consists of an annulus or bulging 
cylinder of brass” (the brazen thing)... . ‘‘its action 
is not seriously affected either by high or low-pressure 
steam,” &c. 

On one point I frankly admit, and apologise for, my 
error ; the inspectors were not at the top of the upcast to 
draw air from the pit, and so assist the ‘‘ Leeds’’ fan, as 
assumed by me in my letter of March 21. But it is pro- 
bable that the presence of one in the workings would be far 
more effective in forcing air out than two at the top ex- 
hausting it. Mr. Stokes will, I hope, pardon me in still 
doubting the accuracy of the air measurements given in his 
paper, suffering, as I am, from an undigested annulus; 
and while I have to thank him for the amusement it has 
afforded me in reading his paper, I do hope he will be able 
to keep his big slide valve well lubricated so as to geta 
still larger percentage of 

April 16, 1879. 


STOKE DRAINAGE AND SEWAGE 
DISPOSAL. 
To THE EDITOR OF ENGINEERING. 
S1r,—In your issue for March 28 is published the award 
of the Stoke Corporation in respect of the above competi- 
tion. To the eighteen engineers who were u ful, it 


Usrrut EFrrect. 








These facts need no comment; they carry their own con- 
demnation before them, to which no language could add 
emphasis. To one or two points, however, attention may 
be drawn, witha curious interest as to the possible answer : 

First, that the power of decision has practically been 
relegated to two individuals. : 

Second, the three or four years’ previous consideration, 
taken with the precipitate action shown by the decision 
upon the merits of a schemes in nine working days, 
and after sixteen hours deli 
Committee, or say fifty minutes per scheme. Is the one the 
first sequel of the other, and was there a danger that it 
only a needed little time to foil some project ? 

Third, the paragraph in ENGINEERING says that the 
Committee the assistance of an independent engineer 
to advise upon the different plans; but the Advertiser’s 
report gives not the slightest hint of this, but, on the con- 
trary chews that a suggestion to this effect was vetoed. 
What does this mean? Who is the independent engineer 
so modestly withdrawn from the gaze of the ra’ 
Stoke-upon-Trent, and yet flourished before your scientific 
readers? And why so withdrawn 'or so flourished? It is 
evident some explanation is needed here. 

Finally, paragraph 6 of the instructions issued to engi- 
neers declares : “ 4 the Town Council reserve to them- 
selves the right of calling in professional advice in i 
their selection of designs.’’ Was this inserted in 
faith, or as a lure to insure an apparent competition ? 

By the publicity you give to this account of a curious 
transaction my purpose is fulfilled. Whether the scheme 
sele will ever i 
but if so, it will be interesting to learn of the advantages 
to be derived from water power as against steam power in 
these days of cheap coal and cheap machinery, and under 
the circumstances which surround the drai of Stoke, I 
for one, will watch the experiment closely, and if successful 
will be content, like Brutus, to learn of better men. For 
the rest, Caveant ingluiores ! 

Matcoum PATERSON. 





SWING BRIDGES. 
To THE EprTor oF ENGINEERING. 

S1r,—You have so often and ably written in condemna- 
tion of all that is likely to be misleading to students of the 
profession, that perhaps I may be excused for calling your 
attention toa paragraph in T'he Engineer of the 21st March 
last. In describing a swing bridge at Dublin, your con- 
temporary says, ‘‘ Rigid exactness in assigning the strains 
in girders so subject, as in swing bridges, to varying con- 
ditions of strain is not attainable, and hence practical 
knowledge, guided by simple calculations for maximum 
strains, must finally be depended upon to assign the neces- 
sary sectional areas of the various parts.’’ Does the 
writer mean students to infer from this that it is impossible 
to arrive correctly at the strains in a swing bridge? If so, 
may I then ask him whether it was simply by “‘ practical 
knowledge,”’ &c., that some of our large swing bridges 
were designed ? 

The writer of the article also falls foul of lattice girders 
for swing bridges! What sort of erections would some of 
the bridges referred to have been if made with solid webs? 
I may point to the swing bridge at Newcastle as an example 
of what a swing bridge ought to be ; and may add that the 
strains on that structure were calculated with care and 





may be some little consolation to know under what circum- 
stances, and by whose judgment, they could be placed in 
this category; and it may further be of use to some of 
them in teaching them for the future to direct their energies 
into a more profitable channel than that of competitions, 
which in nine cases out of ten contain shoals and quick- 
sands, eddies and under-currents, puzzling to a more 
practised navigator than the ordinary plain-sailing engineer. 

Your own account is very concise, mine is taken from 
the Staffordshire Advertiser, which in giving a report of 
the Council meeting at which the matter was decided, 
enters more into details. I forward a copy of this that you 
may verify the following epitome of it. 

The schemes were sent in’ on or before March 8. On 
March 20, nine clear working days having intervened, the 
special Committee presented their report to the Council. 
In this report, which was read by Mr. Lynam, an architect, 
it was stated that twenty schemes had been sent in which 
were classified and a list submitted; and that the Com- 
mittee recommended that the premiums should be awarded 
as set forth in your report. So far as the Advertiser’s 
report is concerned, no detailed and comparative analysis 
of all the financial and engineering principles of the schemes 
was laid before the Council, nor is there ought to show 
that such had been prepared. 

Mr. Alderman Keary moved the adoption of the Com- 

mittee’s report, and in doing so gave credit to Messrs. 
Lynam and Turner for the very great amount of time and 
attention (during the nine days above mentioned) they had 
devoted to the question (i. o considering twenty engineer- 
ing schemes of a very complicated nature), and to the Com- 
mittee generally for haying deliberated altogether siwteen 
hours upon the plans. ‘ 
' Mr. Lynam seconded the motion in a speech, from which 
it appeared that the question, now so promptly decided, had 
previously occupied three or four years of fruitless con- 
sideration. 

The motion was opposed by Mr. Faram, who said that 
to come and ask the Council to decide off-hand in the 
manner proposed, was not treating the Council with due re- 
eect, and moved as an amendment that all the plans should 

submitted to a committee of the whole Council, and that 
an eminentengineer should be engaged to assist them in 
coming to a decision. 

Mr. Mellor seconded the “amendment, saying that he did 








There are several points about the bridge illustrated in 
the number of T'he Engineer, above referred to, and also 
in the number for March 7, which, if the drawings are cor- 
rect, show rather a want of “ practical knowledge’’ than 
otherwise ; but no doubt the “‘ simple calculations’ are all 
correct, and the bridge may a success so far as the 
opening and shutting of it goes, and may be able to carry 
the traffic over it; but I think the majority of bridge 
engineers would hardly hold it up as an example to young 
beginners. 

For instance, no man of experience would attach the 
cross girders to the underside of the main girders, and so 
throw all the strain on the rivet heads ; nor would he trust 
such a girder as the main girder without some more stiffen- 
ing than that shown ; this girder must be very deficient in 
lateral stiffness, and will very soon, if I am right, show 
signs of distress in this respect. Live rollers would have 
been a great improvement on the fixed ones shown; anda 
few more of less diameter, giving a consequent lowering of 
the bridge, and so allowing the cross girders to be rivetted 
to the webs, would have been a decided advantage. The 
roller path, also, has a very cranky appearance in the cross 
section of the pier, and must strain the masonry of the latter 
very much when the bridge is swinging. The locking gear 
is certainly very ingenious, and ought to be patented ; an 
the only thing showing real practical knowledge is the 
weathercock 2 Bay in detail), which seems to be beyond 
cavil. 

Really, Sir, The Engineer, ought to be more careful in 
what it writes for the benefit (?) of students, as a young 
engineer has quite enough to do in discriminating between 
what is valuable knowledge and what is utter rubbish 
without your contemporary making confusion worse con- 
founded 


March 31, 1879. Live Rouuer. 








THE DRAINAGE OF SZEGEDIN. 
To THE EpIToR OF ENGINEERING. 

Srr,—We see in your issue of the 5th inst. that Messrs. 
Merryweather are sending two large fire —_- to Szegedin 
for pumping the water from that town, and we think there 
must be some mistake about this, as it would be years 
before these engines could possibly accomplish the work. 
There is at present a pumping engine of our manufacture 


beration (?) by the body of the | would 


ers of ; 


be carried out in its entirety is doubtful, | PTO 





- This pumping engine is capable of discharging 
F500 tons of water rad hour, and 1 woul even require 
several engines of this size to get the water out in any- 
thing like a reasonable time; therefore it ap to us 
ridiculous for any one to suppose that a fire engine, capable 
of throwing a few hundred tons of water per con is suit- 
able for such gigantic work. 

m the data we have received we calculate the quantity 
of water to be pumped ont is 3,308,208,000 ons’; it 
is. cear ten geens, Sona iets 
engines over two years, working night and day without a 

ingle , to discharge the above quantity,.assumin 
that enck turovrs 402 tons an hour, which we very oe 4 
doubt from the size of the pipes. — 
_ If the Government really wish to take the work seriously 
in hand they will have to employ more powerful machines 
than steam fire engines. 
Yours faithfully, 


JOHN AND Henry GwyNNE. 
Hammersmith Iron Works, W., April 15, 1879. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tramways at Chesterfield.—The Chesterfield Town 
Council in mber last consented to the laying of the 
Chesterfield, Brampton, and Whittington tramway scheme. 
Now, however, they appear to have repented, for they 
threaten an opposition in Parliament to the scheme of the 
moters. In view of the expense which this would 
incur it is suggested that the difference should be settled 

by arbitration. It is a novelty in tramway experience. 


Pateley Bridge Water Supply.—The Government in- 
omet in ing as to the water supply at Pateley 

ridge, has found that the high land to the north of the 
north of that district is capped with millstone grit. From 
this a copious stream of water flows, suflicient to 
supply a large town, but it gets discoloured in its course. 
On the side of one of the hills stone is cut to a depth of 
150 ft. below the surface, but there is no water in the ex- 
cavation. The land below as wellas the quarries appear 
to have slipped down from the hillside, and thus to have 
dammed back the water, which presses upwards through 
the slips to the surface of the ground. The constant 
character of the spring proves that there is a large reser- 
voir of water below the surface, and extending northward 
probably for many miles. This is an important discovery, 
and will lead to other changes in the water supply of that 
important district. 





AucKLAND (N.Z ).—The reclamation of part of Auckland 
harbour enabling a railway to be brought to Queen-street, 
is about to be commenced, while the railway is being 
extended on the one side between Auckland and River- 
head, where it will connect with the Kaipara line, and on 
the other between Ohaupo and Te Awamutu. 





Soctzty or Arts.—The third course of ‘‘ Cantor Lec- 
tures’’ for the present session of the Society of Arts is by 
Mr. W. H. Preece, the Electrical Engineer of the Post 
Office, on ‘‘ Recent Advances on Telegraphy.’’ The course 
will commence on April 21. The first lecture will deal 
with definitions, electrical effects, and sources ; economical 
distribution of electric currents. The second will treat 
principally of the transference of electricity, and will in- 
clude also such subjects as wires, insulators, supports, 
grt er india-rubber, underground wires and cables. 

he third will be devoted to simple telegraphy, visual and 
aural signals, telephones, and telegraphic writing. ‘The 
fovrth will deal with duplex, quadruplex, multiplex, and 
harmonic telegraphy. ‘The fifth and last is to be devoted 
to automatic and fast-speed telegraphy. 





CocHIN AND TRAVANCORE Rattway.—By the last 
mails from India we learn that the extension of Cochin 
Harbour, in conjunction with the above projected line, were 
both to be carried out by a ay being formed for the 
purpose. The total length of the lino is to be 64 miles, 
forming a junction with the Madras Railway at Shoranore. 
The route proposed at present is through Mooloocary, 
Wutlakancherry, Trichoor, Ooragum, Chudamungalum, 
Paroor, Eyampuly, Narakel, and Cochin. Possibly toe line 
may run through Alwye, but this is to be definitely settled 
later on. The Cochin Argus states that Mr. H. W. 
Hudson, formerly attached to the engineers’ staff of the 
Great Northern Railway, England, but now chief engineer 
of the Cochin State, is to have charge of constructing the 


d | line and harbour works connected therewith. 





Tue Sewacse or TwickenHam.—Messrs. Hayward 
Tyler and Co. have just started the pumping and other 
machinery erected by them for dealing with the sewage of 
the Twickenham district. The machinery consists princi- 
pally of two high-pressure and condensing engines each 
16 in. in diameter of cylinder, and 30 in. stroke, driving by 
means of very strong gearing two sets of three-throw 14-in. 
plunger pumps lose in a well about 60ft. deep. The 
boilers are two in number, of the Lancashire type. Each 
set of engines, pumps, and boilers may be worked inde- 
pendently. There is also extensive machinery for mixing 
the chemical precipitants with the sewage after its arrival 
at the surface, before it flows into the settling tanks, and 
for the supply of water for the boilers, &c., for the latter 
purpose a patent “ universal’’ steam pump being employed. 
The work has been carried ont under the direction of Mr. 

M. Ramsay, the surveyor, the Twickenham Local rd, 
and Mr. James Mansergh, of Westminster, their con- 
sulting engineer. 











322 


ENGINEERING. 


[ApriL 18, 1879. 








THRASHING MACHINE FOR HOT CLIMATES. 
CONSTRUCTED BY MESSRS. RANSOMES, SIMS, AND HEAD, ENGINEERS, IPSWICH. 


(For Description, see opposite Page.) 
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PERMANENT WAY FOR TRAMWAYS. 
To THe Epiror or ENGINEERING. 

Srr,—I have read with considerable interest the letter 
of Mr. Vignoles published in your issue of 28th March last 
(page 265), and perfectly agree with him as to the necessity 
of a more perfect form of permanent way than the timber 
system now generally employed. Not only is it important in 
point of economy to the tramway companies, but it is 
especially important as a means of gg the incon- 
venience felt by the pons public from the imperfect 
systems at present employed. 

There are still advocates for wood sleepers who will tell 
you that timber bas stood for the last seven or eight years, 
and is just as good as when it was first laid ; and there are 
also men who still believe that it was a mistake ever to 
change from timber to iron ships of war. 

Not many years ago there were engineers who main- 
tained that iron rails were better than steel, and who 
would point to instances where iron rails had been in con- 
stant use for the last 20 years and were very slightly worn ; 
but it would be difficult, I think, now to find a man who 
would attempt to give fron rails the preference over steel. 

The contrast between a properly constructed iron per- 
manent way and a timber road is about the same as between 
wooden ships and iron ships, and iron rails as against steel 
rails; but it takes time to remove prejudices to gain ex- 
perience, and to convince a man that other people’s ideas 
are — than his -_ - perhaps 2 a time still to 
get people to see the vantage of spendi an extra 
shilling th order ultimately to save a pound. Time, how- 
ever, is doing all this, and iron permanent way, whether 
for or or tramways, is gradually taking the place of 
timber. 

First cost is the greatest difficulty to contend with. It is 
therefore, important in all designs that simplicity of con- 
struction with a due regard to strength and permanency 
should be considered. This can only safely arrived at 
after years of experience. Theoretically and on paper a 
permanent way may look everything that could be desired, 
and during twelve months’ trial it may be thought to 
answer well, but three or four years may prove it to be 
utterly worthless ; a properly constructed road ought to 
last from twenty to thirty years with very slight repairs. 

In nearly all cases the construction should be such as to 
admit of s being ultimately employed. This necessi- 
tates a little extra expense in first cost, but it is more than 
saved in the economy of maintenance, even if steam should 
not be used. 

The great complaint against tramways in the public 
street is the obstruction the rails offer to vehicles crossing 
and recrossing them, not, as people often imagine, on 
account of the groove in the rail itself, but owing to the 
pavement sinking below the rail level. It is therefore 
essential, above all things, to have a section of rail and 
sleeper foundation that will effectually support the adjoin- 


ang ote 
¢ T-section of rail shown by Mr. Vignoles has the ad- 
vantage of being convenient to deal with, and offers easy 
means of securing it to wrought or cast-iron standards, but 
it offers little support to the pavement on each side of it. 
Owing to the constant deflection cf the rail caused by the 
fous ic, and the accumulation of water, it is well known 
that the sand, concrete, or grouting near and under the 
rail, becomes er and the stones loose. It will 
therefore be seen that if the paving set sinks about an inch 
below the top of the rail ( this isa very small measure 
in comparison with what takes ) the stones can 
then fall in under the rail, and the whole adjoining pave- 
ment becomes loose, as shown in Fig. 7. This figure re- 
presents a section of rail and fastening, which I published 
in 1869, but whieh I never adopted for the practical reasons 
above stated. At the same time I illustrated several modi- 
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sided channel section of rail, which 


offers the best support to 
owever, much more diffi- 
cult to deal with as regards the joint, and securing it to the 





This latter section undoubted! 
the adjoining pavement. 





additional expense, would at once consult their own 
ieee, and the convenience and satisfaction of the 
public. 

It would occupy too much of your space to illustrate the 
rails secured to continuous, or virtually continuous, bear- 






















































































right supports, but it is better to overcome a difficulty 
this sort than accept an eas 
| During the last ten] years I 

thousand of tons of the grooved channel rail, and feel con- 
vinced there are few, if any other, sections, which offer so 
many permanent advantages. 

Fig. 5 is the section I have usually employed ; it obviates 
the necessity of punching the rail, and th 
jecting parts ; but the expense of rolli J 

A somewhat cheaper modification is shown in Figs. 1, 2, 
3, 4, and 6, with the approximate prices, which will 
favourable comparison with those shown by Mr. Vignoles. 
The rails are secured by means of a strai 
which on being driven is forced to assume the 
form of the hole which holds it firmly in position, but can 
be driven out by means of a drift. The joint is laid on 
wider blocks, and secured with two keys. 

The foundation plates are of wrought iron, and may be 
laid either longitudi ly I 
in Fig. 3 show a foundation plate sufficiently wide to carry 
| the paving sets adjoining the rail. ue 
called especial attention to the advantage of this in the 
satisfied that tramway companies, 
adoption of this system, although incurring a slight 


solution wrong in principle. 
ave designed and laid many 








ings, instead of independent supports, but this is easily ar- 
ranged cither for wrought or cast iron. 
Yours obediently, 
James LIVESEY, M. Inst. C.E. 
9, Victoria-chambers, Westminster. sits shiptaste Sins 
Approximate Estimate of the Cost per Mile of Singte 
. with Sengtatinal ee Sleepers. * 








s. d. 8. . 

Steel rails ... Btonsat 6-0 0 = 378 0 
Base plates... 18 00 = 168 0 0 
Cast-iron blocks 134 * 600 = 800 
tn. = 2 «29S 45° 
Cotters .. .. lWewtat15 00 = 710 0 
Steel keys 10, «25 0 0 = 1210 0 

Basebolts ..25 » 1600 = 2 0 
708 5 0 


verse ere used instead of longitudinal, 
ee meas path would be 7191. 10s. 


road in. thick ; if base plates 10in. broad, for sup- 
ee ge above, are ws the cost of the road with 
continuous sleepers would be 7851. 10s. 
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MILL FOR GRINDING MAIZE. 

In the usual operation of grinding maize, the stones 
have to be set so far apart that the meal is not delivered 
of sufficient fineness for human food at one operation, 
and therefore a double grinding is required. 

In a mill constructed by Messrs. Ransomes, Sims, 
and Head, of Ipswich, as shown in the engraving on page 
319, the maize is first cracked quite fine by the corn 
cracker which is placed over the mill, and therefore 
when it enters into the mill, being in pieces about the 
size of an ordinary kernel of wheat, the stones can be 
suitably dressed and set sufficiently close for producing 
meal for household purposes at one operation. The 
barrel of the corn cracker is hollow, and is formed by a 
number of separate triangular steel cutters arranged 
round the circumference of two end rings, and so they 
ean never choke; each tooth having three edges they can 
easily be successively used. The corn is cracked or cut 
between the edges of these teethand a cutting plate, the 
edge of which is adjusted by a screw until itis suffi- 
ciently close to produce the required degree of fineness 
inthe maize. 

These mills have been largely used and are very 
economical in their operation. They will grind wheat 
equally as well as maize; they are specially adapted for 
those districts where the food of the country consists of 
both maize and wheat. 








NOTES FROM THE SOUTH-WEST. 

Proposed Purchase of the Avonmouth Docks.—A meet- 
ing of the Bristol Dock Board was held on Monday at the 
offices in Queen-square, Mr. George Wills presiding, to 
consider a motion submitted by Mr. William Smith three 
weeks since, ‘‘ That it is desirable, in the interest of the 
ratepayers of Bristol, that the city should purchase the 
Avonmouth Docks, provided it can do so on equitable 
terms.”’ The chairman briefly alluded to the importance 
of the subject, and said that it must be considered with 
very great caution in the interests of the city. Mr. F. 
Girdlestone, secretary to the Dock Board, presented a 
lengthy statement in reply to the arguments lately advanced 
by Mr. Smith in favour of the purchase by the city of the 
docks on the terms mentioned by him. The purport of the 
document submitted by Mr. Girdlestone was that 200,0001. 
was the outside value of the undertaking, should it be 
determined to purchase the docks. Various other com- 
munications bearing on the subject were also presented, 
and it was resolved to print the whole of the papers re- 
lating to the question, the further consideration of which 
was adjourned. 


The Portishead Dock Gate.—Messrs. E. Finch and Co. 
(Limited), of Chepstow, have launched a large caisson in- 
tended for the dock-gate of a dry dock at the Portishead 
new docks, Bristol. The caisson, which was constructed 
of boiler plates, averaging about }in. in thickness, and 
woodwork, is 66ft. long, 38ft. deep, 18 ft. in width at the 
base, and 9 ft. at the top, and it is about 250 tons in weight, 
inclusive of a quantity of ballast inside. After its launch, 
the caisson was immediately taken in tow by two steam 
tugs, and started on its voyage towards Bristol. 


Harris’s New Navigation Pits.—At these new pits the 
6-ft. seam of steam coal has been struck at a depth of 
32 yards below the 4{t., which makes the depth about 
714 yards. The 6-ft. vein was sunk through at the end of 
the past week, and proves to be 6ft. 8in. thick, and of 
excellent quality. Thesinking operation will be continued 
down to the 9-ft. seam to afford sufficient lodge room for 
water. 


Portishead Dock.—It is now definitely settled that the 
Portishead Dock will be opened on the 15th of May. 


High Tides in the Severn.—Recent spring tides in the 
Severn have inflicted considerable injury on the con- 
tractor’s staging at the Severn bridge raised for the erec- 
tion of the last new span in mid-channel of the Severn. 
The staging in question has been in course of erection 
some few weeks, and at its base was 130ft. in length by 
32 ft. wide. It consisted of immense baulks of timber, 
braced and waled together, the timbers being 50 ft. high. 
In anticipation of the high tides, the utmost precaution 
was observed by Mr. Earle, the local manager. But on 
Sunday night one section was swept away by the up tide, 
and on Monday the remainder was carried off by the down 
tide. The loss to the contractors, as well as the delay, 
must be rather serious, inasmuch as, although it is sup- 
posed that a large portion of the baulks may be recovered 
in the river, many of them will, it is feared, be uncon- 
vertible, from the fact of the baulks having been broken to 
pieces as though they were dry twigs. 


The Sliding Scale.—The result of an adjourned meeting 
of miners’ delegates, held at Merthyr, on Monday, is that 
the offer of the associated masters will not be accepted by 
the men, and the notice for the abolition of the sliding 
scale will, in consequence, ran out. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLEsBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was, con- 
trary to expectation, a good attendance on ’Change at 
Middlesbrough. Prices were firmer owing to the Durham 
mincrs strike, and nominally the quotations of pig iron 
were based on No. 3 Cleveland selling at 37s. per ton less 
one per cent. Very httle business was transacted, intend- 
ing buyers hesitating until they ascertained more definite 
news as to the position of the employers and pitmen in the 
great fucl-producing county. It was found that Messrs, 








Connal and Co , the warrant storekeepers of Middlesbrough 
and Glasgow, had a stock of 84,300 tons of eland iron. 
They quoted their Middlesbrough f.o.b warrants 37s. net 
cash No. 3. Their Glasgow stock amounted to 243,248 
tons. Several of the pig makers stated that they had put 
their blast furnaces on to slack blast. 


The Finished Iron Trade.—There is nothing new to 
report in the finished iron trade. A large number of mills 
remain idle, and a great many men are out of employment. 


The Proposed Reduction of 15 per Cent.—Mr. David 
Dale, of Darlington, and president of the British Iron 
Trade, is to be asked to arbitrate on the question of the 

ro reduction of 15 per cent. in the wages the 
igher paid men in the iron trade of the North of Engiand. 


The Durham Miners’ Strike and the Cleveland Iron 
Trade.—Every day the aspect of affairs in Cleveland is 
becoming more serious, in consequence of the continuance 
of the strike of pitmen in the county of Durham. At the 
blast furnaces on Teesside the stocks of coke are being 
rapidly reduced, and already some of the furnaces are 
being prepared for damping down. Certainly before the 
end of this week, unless the strike terminates, several of the 
blast furnaces in Cleveland will be inoperative. Damping 
down is not only an expensive matter but is attended with 
great risk. It Frequently happens that in spite of all the 
care which is exercised in the process, the lining is damaged 
when preparations are being made for resuming work. In 
some cases a lining is required, and that involves heavy out- 
lay. Should the blast furnaces be stopped this week the 
Cleveland mineowners will close some of the ironstone 
mines, and a great number of men will be forced into idle- 
ness. Itis hoped that in the course of a few days the 
pitmen and the coalowners may mutually agree to some 
speedy arrangement which will prevent a great deal of 
suffering and pecuniary loss. 


Engineering and Shipbuilding.—On the northern 
rivers there is a good deal of activity. Some of the en- 
gineering establishments have as much work on hand as 
they can possibly manage. There are many fine steamers 
on the Tees in a forward condition. 


Cleveland and the Steel Question.—Messrs. Bolckow, 
Vaughan, and Co., of + amg gees are still diligently 
ursuing their investigations in making steel from Cleve- 
fand ore. Mr. Percy C. Gilchrist, who is associated with 
Mr. Thomas, whose patent lining of the Bessemer con- 
verter has made possible this great achievement, is super- 
intending the steel making. The dispute in Durham has 
not interfered with the splendid steel works of Messrs. 
Bolckow, Vaughan, and Co., which are very busy. 

The Coal and Coke Trades.—Owing to the strike the 
fuel trade is disorganised and prices depend altogether 
upon circumstances. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—The warrant market opened 
firm last Wednesday, owing to the increased forward de- 
mand brought out by the low prices ruling for a few days 

reviously. Prices went up to the extent of 5d. per ton. 
Sesinen was done during the forenoon at from 42s. 9d. to 
43s. cash, and at 43s. to 43s. 2d. one month, closing buyers 
at 42s. 94d. cash and 42s. 11d. one month. In the after- 
noon prices went up from 42s. 11d. to 43s. 1d. cash, and 
from 43s. to 43s. 3d. one month, and at the close there 
were buyers at 43s. 1d. and 43s. 3d. cash and one month 
respectively, and sellers asking 1d. per ton higher. 
Thursday’s market was also strong in the forenoon, and 
prices were at one time 3}d. better. But subsequently 
that advance was any all lost, and the close was about 
§d. over the previous day’s prices. There were transac- 
tions in the forenoon at 43s. 3d. to 43s. 44d. cash, and at 
43s. 5d. to 43s. 6d. one month, sellers at the close asking 
43s. 4d. and 43s. 54d. cash and one month respectively. 
Prices went back in the afternoon to 43s. 2d. and 43s. 14d. 
cash, and to 43s. 4d. and 43s. 3d. one month, the close being 
sellers at the higher and buyers at the lower prices. The 
market was closed on Friday and Monday, both of which 
were regarded as holidays by the local iron brokers. When 
business was resumed yesterday prices were 4d. per ton 
over those at the close last Thursday, and after several 
erratic movements the market finished dull, at 3}d. of a 
decline in prices. Some business was reported during the 
forenoon at 43s. 2d., 43s., and 43s. 3jd. cash, and at 
43s. 3d. to 43s. 5d. one month, the market closing with 
sellers at 43s. 4d. cash and 43s. 6d. one month, and buyers 
ld. per ton lower. Prices went back in the afternoon from 
433. 3d. to 42s. 10d. cash, and from 43s. 5d. to 43s. 04d. 
one month, and at the close they stood at 42s. 11d. cash 
and 43s. 14d. one month for sellers, and buyers near. The 
market was steady this forenoon, when business was done 
at 42s. 11d. and 42s. 10d. cash, also at 43s. 2d. and 43s. 1d. one 
month, sellers at the closeasking 42s. 104d. cash and 43s. 14d. 
one month, buyersashadeless. The afternoon market was 
steady at the forenoon closing quotations. There has been 
a considerable amount of business done in makers’ iron, 
resulting, doubtless, from the position of matters in the 
Cleveland district through the miners’ strike in the county 
of Darham. This demand was fully met by some of the 
local makers, who sold during last week at as low prices as 
have been touched since last October, which were them- 
selves lower than had previously been known for fully a 
quarter of a century. Coltness No. 1 was advan in 
price by the makers Is. per ton, but it was obtainable in 
second hands at less than the official quotation, prices 
generally being very irregular. Some other special brands 
are a shade firmer, but the prices of the lower-classed 
brands have again been reduced by the makers, as the de- 








mand for them is very limited, and re find their best 
market in the public warrant stores. A large quantity of 
iron was sent into the stores last week, the total stock with 


Messrs. Connal and Co. up till Friday night being 242,248 
tons, showing an increase for the wenk off 4572 cre There 
are now 85 b furnaces in operation, as compared with 
89 at this time last year. The total shipments of pig iron 
last week from all Seotch ports amounted to 12,913 tons, 
as against 9441 tons in the corresponding week of last year. 


The New Caledonian Railway Bridge over the Clyde.— 
Considerable talk has been occasioned in Glasgow by an 
unfortunate mistake which appears to have been made in 
laying down the rails on the large metal bridge which is to 
earry the Caledonian Railway trains across the Clyde to 
the new Gordon-street station. By some oversight the 
metals have been placed so as to leave between the double 
line a space of only 5ft. 9 in. instead of the regulation 6 ft, 
Such an arrangement of the rails does not, of course, conform 
to Act of Parliament, and it is understood that the whole of 
the longitudinal sleepers bearing the rails, and the rails 
themselves, will have to be taken up and relaid, a process 
which will involve some expenditure of time and money. 


Oban Railway Contract.—Messrs. James Watson and 
Co., contractors, Glasgow, have secured the contract for 
the construction of the railway harbour works and the 
terminal station at Oban. It is understood that the work 
will be commenced almost immediately. 


Callander and Oban Railway Extension.—The line 
between Dalmally and Oban is making rapid progress. 
The bridge or viaduct across Loch Awe is expected to be so 
far advanced by July next as to admit of traffic being ex- 
tended from Dalmally to Letterwood, Loch Awe, thereby 
shortening the journey to Oban by fully one hour. 


The Highland a ea mae | to the half-yearly 
report just issued by the directors of the Highland Rail- 
way Company, besides the 68 engines used in working the 
line, together with the carriages, wagons, &c., there are 
included in the roiling stock, no fewer than 15 snow 
ploughs. Of course, during the past winter there was a 
vast amount of work for them to do, far more than was 
ever previously known, and the results is that the dividend 
is very materially affected, the directors recommending 
3} per cent., instead of 5 per cent., for the corresponding 
half year of 1877-78. It is now a matter for consideration 
whether in some districts the Highland line should not be 
protected by snow fences, or even snow sheds, like those of 
the Central Pacific Railway. Snow blocks generally occur 
at the same parts of the line, but the question is whether 
they occur sufficiently often to warrant the expense of erect- 
ing snow sheds. 


Fairfield Association.—The usual meeting of this 
Association was held last Wednesday evening, Mr. Robert 
Wyllie, president, in the chair, when a paper was read by 
Mr. A. Shute on “‘ The Efficiency of the Steam Engine.” 
The concluding meeting of the association for the session 
will be held on April 23, when a paper on “‘ Hot Air En- 
gines’’ will be read. 


Mr. James Reid and the Glasgow Tramway System.— 
It is stated that Mr. James Reid, of Messrs. Neilson and 
Co., Hyde Park Locomotive Works, has joined the board 
of directors of the Glasgow Tramway and Omnibus Com- 
pany (Limited). The effect of the accession of a gentle- 
man of such eminently practical ability as Mr. Reid is well 
known to possess, will doubtless soon be seen in a variety of 
directions. 


Dunbar Harbour.—It is reported that the fine harbour 
of Dunbar, in connexion with which there was at one time 
a splendid herring fishing trade, and which was built at a 
cost of 30,0001. of public money, is being allowed to become 
a useless ruin, and all the money hitherto expended on its 
construction completely lost. There isa valuable white 
fishery still carried on there, and it boasts of having the 
largest crab fishery on the coast. Not unlikely the ques- 
tion of the dilapidated condition of the piers will soon 
brought under the notice of the ‘* powers that be.” 








Locomorives IN France.—The Northern of France 
Railway Company has just let a contract for locomotives 
at 501. per ton delivered at Dunkerque. These terms are 
probably unprecedentedly low. 





Bapen Rattwayrs.—The Grand Duchy of Baden has a 
railway system, the head-quarters of which is at Karls- 
ruhe, and the extent of which is 740 miles, of which 240 
are double track lines. This system is worked with 386 
locomotives, 1006 passenger carriages (with an average 
seating capacity of 40 each), 192 baggage cars, and 5746 
goods trucks. 


Lonpon AssocIATION OF FoREMEN ENGINEERS AND 
DRAUGHTSMEN.—The ordinary monthly meeting was held 
at the Cannon-street Hotel on Saturday the 5th inst., Mr. 
Newton, C.E., president, in the chair. After the reading 
and confirmation of minutes, the chairman proposed as 
life honorary members Mr. John Henry Puleston, M.P., 
and Captain John Davis, 2nd Royal Surrey Militia, and 
their election was carried unanimously. Three candidates 
for ordinary membership were also pro osed, and Mr. 
Newton announced the fact that nine o the associated 
foremen were unemployed, and required situations. At the 
request of the chairman, Mr. A. H. Bateman, of a 
Greenwich, next proceeded to propound a plan, originally 
suggested by Mr. Evans, a foreman engineer, for a 
ing the taking out of patents, and to be designated the 
“Mutual Patent Fund.” This fund, he said, should be 
raised by periodical contributions, say one shilling weekly, 
of the members of that Association, the amount thus ob- 
tained to be, at the end of the year, invested in paying the 
patent fees for meritorious inventions brought forward by 
subscribing members. The scheme of Mr. Bateman seeme 
to be greatly relished by those present, and a resolution in 








its favour was carried nem. con, The meeting closed soon 
afterwards 
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NOTICE TO AMERICAN SUBSCRIBEBS. 

We beg to announce that we have appointed Mr. Lenox 
Smith, 239, Broadway, New York, the sole agent for EnGi- 
NEERING in the United States, and all subscriptions for the 
United States will in future be payable to him. Mr, Lenox 
Smith is also prepared to receive advertisements for ENGI- 
NEERING, and will afford full information as to terms, &c., on 
application. The annual subscription for ENGINEERING de- 
livered post free in the United States is 10 dols, U.S. currency 
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NOTICE OF MEETINGS. 

INSTITUTION OF CrvIL ENGINEERS,—Tuesday, April 22nd, at 
8 p.m. “Dioptric Apparatus in Lighthouses for the Electric 
Light,” by James T. Chance, M.A., Assoc. Inst. 0.E. 

THE Socrsty OF TELEGRAPH ENGINEERS.— Wednesday, 
April 28rd, at the Institution of Civil Engineers. Council meet- 
ing at 7 p.m. Ordinary general meeting at 8 p.m. Recent im- 
provements in Professor Bell's telephone. Illustrated by experi- 
ments. By Adam Scott. 

PHYSICAL SocretTy.—Saturday, April 26th, at 3 = “On Selec- 
tive Reflection,” by Captain Abney. “Onsome Phenomena con- 
nected with Magneto-electric Induction,” by C. Boys. “ Notes from 
the Physical Laboratory of University College,’ Bristol, by Dr. 8. P. 
Thompson, 
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SHIPOWNERS v. THE BOARD 
OF TRADE. 

Tue case, Kain and another v. Farrer and others, 
which was decided by a special jury in the Court of 
Common Pleas on the 4th inst., is, perhaps, the 
most important action that has yet arisen in the 
litigations of shipowners and the Board of Trade. 
If the verdict arrived at in this case is to stand 
good, and if the opinions expressed by the judge, 
Lord Coleridge, are to become henceforth precedents 
in law, we have no hesitation in saying that, practi- 
cally, the entire functions of the Board of Trade 
are at an end, and the recent salutary acts of legis- 
lation against unseaworthy ships are become wholly 
inoperative. The result must ultimately be, a rectifi- 
cation of the imperfections, the misunderstandings, 
or the blunders which on one side or the other, or 
on both sides, have, in the meantime, produced the 
state of deadlock which it is our business now to 
explain to our readers, 

In this journal we have all through the Plimsoll 
agitation consistently advocated the compulsory 
classification of all merchant ships.* We urged for 
this work the adoption of the existing machinery of 
Lloyd’s Registry, as well as that of Liverpool, on the 
ground that the staff of the Board of Trade was 
inadequate to undertake the duty, and also because 


* See pages 275, 319, and 401, vol. xvi., &e, 








the existing registries are in possession of docu- 
ments that would enable their surveyors to trace 
almost every ship up from her construction. Not- 
withstanding the obvious reasonableness of these 
views, and the professional eminence of the witnesses 
by whom they were supported before the Royal 
Commission, it is well known to our readers that 
Parliament did not adopt the principle of com- 
pulsory classification, or even that of the regular 
survey of every unclassed ship, and that none of the 
Acts of Parliament relating to merchant shipping 
have as yet given to Lloyd’s that accredited position 
in salutary inspection which we claimed for it, and 
which shipowners and merchants over the whole 
world have long unanimously recognised. 

These Acts of Parliament have all been framed 
on what we have called the policy of the Board of 
Trade, to stop all unseaworthy ships when they find 
them, and leave the others alone. Our policy would 
have been the compulsory classification of all mer- 
chant ships, on the principle that a vessel which 
would not stand a survey by Lloyd’s ought not to 
be allowed to go to sea, and this system of survey 
would, no doubt, stop many unseaworthy ships. 

As all classification is voluntary, and all Board of 
Trade surveying of sailing ships is police action on 
suspicion, it is obvious that the Board’s officers occupy 
a most invidious position, and we need not be sur- 
prised, therefore, if on every occasion there are 
complaints against them by the shipowners, who 
would naturally enough be likely to find fault even 
with angels from Heaven if they were sent to inspect 
their ships on suspicion of unseaworthiness. Lloyd’s 
surveyors are not at all in the same sce. they 
are always invited on board a ship, and there is 
therefore seldom any complaint heard against them, 
If universal survey were enforced no owner could 
then feel himself aggrieved by any vessel of his 
being invidiously singled out for survey. In carry- 
ing out the duties of inspection of suspected vessels, 
the Board of Trade necessarily have, or ought to 
have, tried to avoid waiting until the last moment 
when a vessel is putting to sea. Evidently, the best 
time to begin a survey of a suspected vessel is at the 
beginning of repairs, so that as the ship is opened 
up in parts for the owners’ satisfaction, the officers 
appointed to this duty may also, at the same time, 
see the state of the ship, and so prevent unnecessary 
reopening of hidden parts at great additional ex- 
pense. It is not the frequency but the thorough- 
ness of repairs that constitutes the seaworthiness of 
aship. We should like to see the order established 
that on every occasion that an unclassed ship is put 
into dry dock a Board of Trade surveyor or other 
surveyor recognised by Government should be called 
in to examine the hull and to make a general survey 
of the equipments, After these prefatory remarks 
to remind our readers of our views of inspection 
against unseaworthiness, we will now lay before 
them the particulars of the important case just 
mentioned—a case which we think bears out so 
fully all we have argued to be the right policy in 
dealing with the surveys of merchant ships. 

The case was for improper detention of the barque 
Dora; it was tried before Lord Coleridge in the 
Court of Common Pleas, and ‘it occupied five days 
in hearing. ‘The eminent counsel, Mr. Watkin 
Williams, Q.C., M.P., Mr. Cohen, Q.C., and Mr. 
Hilbery were for the plaintiffs, Kain and others, the 
owners of the Dora; while the Attorney-General, 
the Solicitor-General, and Mr. Bowen, the Counsel 
of the Treasury, were for the Board of Trade, who 
were actually the defendants. The case was origi- 
nally tried as against Mr. Farrer, the Secretary of 
the Board of Trade, and it was then decided that 
there was no case against him, and the trial was 
afterwards continued against ‘the others,” viz., Mr. 
Gray, the Assistant-Secretary of the Marine Depart- 
ment of the Board of Trade; Mr. Wilson, the prin- 
cipal officer of surveying of the Board of Trade for 
the port and district of London, and Messrs, 
Abbott, Waterson, Magowan, and Geary, ship- 
wright surveyors of the Board of Trade. A verdict 
was given against Messrs. Gray, Wilson, and Abbott, 
personally ; they have to pay 1600/. damages to the 
owners of the Dora, and the expenses in the case, 
which having lasted five days, will amount to quite 
as much more. 

Lord Coleridge was careful to entirely exonerate 
Mr. Gray and Mr. Wilson from all blame, morally ; 
there is only a technical liability in their case, the 
Board of ‘Trade having, apparently, done through 
them an illegal act of which they have personally to 
take the blame. Their responsibility is therefore 
only an official responsibility. The case of Mr. 





Abbott is unfortunately rysran the judgment is 
against him personally and individually. 

The case was at once appealed, and an order was 
given by Lord Coleridge, on the 7th inst., to stay 
execution until after Easter. It is quite possible 
that the whole trial will have to be gone over 
again, de novo, because of certain irregularities 
which were found to have been created in the pro- 
cedure before the termination of the trial. 

The pleading of the plaintiffs is just the opposite 
of all we have been urging as reasonable in the 
survey of vessels suspected of unseaworthiness. 
They say, by their counsel, a vessel ought not to be 
detained for survey until she is quite ready for sea, 
not until her crew are all shipped, her stores all on 
board, even her chronometer in its place, and the 
vessel cleared at the Customs. They also plead 
that the Act of Parliament at the time of detention 
of the vessel empowered only the Board of Trade 
to stop a ship, and that the stopping of the Dora 
was the act of Mr. Gray, of itehall, and Mr, 
Wilson, of St. Katharine Dockhouse, who are not 
the Board of Trade, and that, therefore, the 
surveyors acting under that order were trespassers 
on board the Dora, The verdict is for the plaintiffs, 
on these grounds, 

This week we cannot do more than discuss the 
legal questions involved, and the initiatory inter. 
view in reference to the detention ; we hope in our 
next issue to enter fully into the details of the 
allegations made against the surveyors, involving 
questions of great importance to many of our 
readers, 

That the Government should be burdened with 
the damages and expenses in this case is, we think, 
avery great injustice to tax-payers already sufli- 
ciently burdened. ‘There seems to usto have been a 
great want of practical knowledge of the technicalities 
of the case on the part of the counsel for the defen- 
dants, and a want of the energy which so distinguishes 
the speeches of the opposing counsel, Mr. Watkin 
Williams kept crying all through “cocoa nuts,” 
that the Dora was going to fetch ‘‘ a very light cargo, 
pean the lightest that any vessel could possibly 

ave, a charter to go out in ballast to Trinidad and 
bring home a cargo of cocoa nuts.” ‘The de- 
fendants appear to have only once or twice mildly 
stated that it was asphalte she was going for, 
but that seems to have taken none of the wind 
out of Mr. Williams’ sails, he went on as bravely 
as ever for ‘‘cocoa nuts” to the end of the 
chapter. Lord Coleridge in summing up is so im- 
90 with the reverberations of the cry of Mr. 
illiams about ‘‘ cocoa nuts” that he puts it into his 
summing up as the statement of the plaintiffs that 
the vessel was going for a cargo of cocoa nuts, and 
he omits to add on the side of the defendants that 
the charter-party produced in court stated it to be a 
cargo of asphalte, called pitch blocks by the owner 
himself in his evidence—pitch blocks at 25s, a ton 
for 375 tons, and to fill up with cocoa nuts at 40s, 
per thousand. The vessel being only 379 tons re- 
gister, an estimate can easily be formed of the 
proportion which the pitch blocks would form of the 
whole cargo. ‘These cocoa nuts are an admirable 
illustration of Mr, Williams’ system of loading; he 
actually made up a cargo of pitch without any 
pitch ; the cocoa nuts for filling up being all that he 
ut on board. His charges against the Board of 
Trade and the surveyors, in all the daily papers, on 
Mr. Williams’ authority supposed to be a cargo of 
pitch, will, when examined, be also found to be 
made up in the same way of only “cocoa nuts,” 
filled in by Mr. Williams at so much the thousand, 
and according to the charter-party, we think the 
damages ought to have been about 40s. 

The British barque Dora was chartered on June 7, 
1876, as above. On June 13 the vessel is put into 
Dowson and Worth’s dock for overhauling and 
repairs. On the 15th she comes out of dock and 
is moored at buoys in the river off Fletcher's 
dock. On the 19th a new captain is engaged, and 
on the 23rd he and the sailor portion of the crew, 
but not the mate, the carpenter, or the cook, 
sign articles for the voyage to ‘Trinidad, the 
crew to be on board on the 26th, the duplicate of 
the articles left at the shipping office being noted 
‘* voyage to commence in June.” 

About the same time as the articles were being 
signed another party had been making a communica- 
tion to the Board of Trade to the effect that the 
Dora was unfit to proceed to sea without serious 
danger to human life. 

The detaining officer, Mr. Wilson, with one of 
the surveying staff belonging to his department, 
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visited the Dora on Saturday, June 24, and the re- 
sult of their inspection was, that Mr. Wilson, the 
detaining officer, communicated to the assistant 
secretary of the Board of Trade that the Dora was, 
in respect to her equipments, unseaworthy ; and he, 
the detaining officer, desired that the Dora should 
therefore be prevented from proceeding to sea, on 
the authority of his inspection and opinion. 

A detention order can be enforced only by the 
Customs, and as communications between different 
Government departments must be made through 
their respective secretaries or assistant secretaries, 
this detention order, authorised by Mr. Wilson, bad 
of course to be forwarded through the assistant 

of the Marine Department of the Board of 
Trade, to which Mr. Wilson belongs. 

The counsel for the plaintiffs have gone to the very 
foundation of the constitution of the Board of Trade ; 
they produced the original commision in court. It 
seems that the Board of Trade is a most anomalous 
body; it consists of'about two dozen officers of State, 
amongst them the Bishop of London. In the constitu- 
tion of the Board occurs a clause to the effect that 
three members of the Board are necessary to form a 
quorum. ‘The plaintiffs’ contention is that, the Acts 
of Parliament known as the Merchant Shipping 
Acts give certain powers to the Board of Trade and 
that no act done by fewer than three members 
of the Board is legally an act of the Board of 
Trade. 

They led evidence to prove that the stopping of 
the Dora was not the act of three members at all, 
but of only Mr. 'Fhomas Gray, and that, therefore, 
Mr. Wilson and Mr. Abbott were trespassers on 
board the Dora. This is the view taken also by 
Lord Coleridge. It was no doubt for good reasons 
that the Solicitor-General and the Attorney- 
General decided not to put Mr. Gray in the wit- 
ness box. These high law officers were defending 
the department, and the three individuals were as 
the judge in effect stated, not represented at all by 
counsel, 

The counsel for the defendants appear to have 
counted on there being no evidence to show that the 
stopping notice was not issued by the authority of 
the rd of Trade. The various Acts of Parlia- 
ment seem to have been framed to guard against 
such a contingency as this. The Merchant Shipping 
Act provides that “all documents whatever, pur- 
porting to be issued or written by or under the di- 
rection of the Board of Trade, and purporting either 
to be sealed with the seal of such Board, or to be 
signed by one of the secretaries or assistant secre- 
taries to such Board, shall be received in evidence, 
and shall be deemed to be issued or written by or 
under the direction of the said Board, without further 
proof, unless the contrary be shown.” The fact 
that the owner says he saw Mr. Gray sign it, and 
no quorum of the Board of Trade directing him, is 
ruled by Lord Coleridge to be good evidence to 
show the contrary. If Mr. Gray has been autho- 
rised by those over him in office to forward the 
action of detention originating from a detaining 
office, his signing the paper is quite in accordance 
with that direction, and it appears to us that the 
contrary is not thereby shown, and therefore that 
the documents ought not to have been rejected as 
unauthorised. 

Lord Coleridge considers the authority of the 
Board of Trade in this matter an authority that 
cannot be delegated by the Board to any secretary 
or any other person than those named in the com- 
mission, that is, the Bishop of London and his 
colleagues in the constitution of the Board. The 
law, as explained by Lord Coleridge, is that, accord- 
ing to the Act of 1873, the Board of Trade have the 
power to provisionally detain suspected vessels for 
survey ; but, he holds it proved that the detention 
of the Dora was not an act of the Board of Trade at 
all, but one by Mr. Gray and Mr. Wilson. He 
said: ‘Of the assistant secretary to the Beard of 
Trade this Act of Parliament knows nothing, and 
the power which this Act of Parlisment alone deals 
with has not—and does not appear to have—acted 
upon the face of the p ings.” He goes on then 
to state that he does not think ‘that any of the 
documents 2 ig to be issued by or under the 
direction of the Board of Trade.” The detention 
order read in court begins with the words, “I am 
directed by the Board of ” and it reads as 
signed by an assistant-secretary of the Board. 

_ We have given first the _— of the point in 
dispute as we suppose the law officers of the Crown 
meant it to be taken. With all due to the 
galaxy of legal stars shining at this trial, we beg to 





differ from their view of the law on the question at 
issue, and we do so on the following grounds. 

The summing up appears to be entirely a mis- 
understanding on the part of Lord Coleridge. He 
is very clear that “this is really rather matter in- 
teresting in this case than interesting for the future, 
because by the Act of Parliament passed in 1876 
the Board of Trade have power to create detaining 
officers, and any officer so appointed shall have the 
same power as the Board of Trade have under this 
section of provisionally ordering the detention of a 
ship for the purpose of being surveyed,” &c. He 
thinks that this Act came into force only in 1876, 
some months after the detention of the Dora, 
whereas that section of the Act of 1876 is only a 
continuation of a similar section of the temporary 
Act of 1875 which expired on the lst of October, 
1876, the same day that the Act of 1876 came in 
force. Lord Coleridge never once referred to that 
Act, the one under which Mr. Wilson had been 
appointed detaining officer with power to detain 
any suspected vessel for the purpose of survey. The 
words of the Act are, ‘ Any officer so appointed 
may order that the ship be detained for the purpose 
of being surveyed. Any such order shgll have the 
same effect as if it were an order of the Board of 
Trade under section twelve of the Merchant Shipping 
Act, 1873.” Ignoring this altogether, indeed, being 
evidently not aware that such a provision existed, 
his lordship maintained that the stopping of the 
Dora was the act of Mr, Gray and Mr. Wilson, and 
because they are not the Board of Trade their act is 
illegal; while by the Act of 1875 Mr. Wilson’s 
order is made to “have the same effect as if it 
were an order of the Board of Trade.” Surely it 
cannot be maintained that Mr. Wilson’s order be- 
came illegal by being transmitted through the 
assistant-secretary of the department of which Mr. 
Wilson is an executive officer. 

Lord Coleridge has evidently inadvertently over- 
looked the Act of 1875. He mentions the Acts of 
1854, 1872, 1873, and 1876, but he never mentions 
the Act of 1875 in his summing up. To apply 
his own language about the Act of 1873, we might 
say, the power which the Act of 1875 alone deals 
with is the power of the detaining officer, and it 
appears upon the face of those documents that it 
was that power which acted through the assistant- 
secretary in this case, the ‘‘ detaining officer having 
reason to believe upon inspection or otherwise” 
that the Dora was then unfit to proceed to sea with- 
out serious danger to human life. 

The first thing the ownersaid in court about his 
interview with Mr. Gray was, “I asked Mr. Gray 
if a report had been received from Captain Wilson, 
and he said there had.” The owner had previously 
stated that he knew Mr. Wilson to be ‘‘a detaining 
officer.” Instead of pointing out these admissions 
to the jury, and showing how they constitute a 
chain of authority between the Dora and the Act 
of 1875, Lord Coleridge, we find, comments 
upon it in these words: ‘‘ Mr. Gray said he was using 
no discretion and he signed the document without 
any report at all. Gentlemen, I must say that this 
is the stronger because it came out from one of the 
law officers that Mr, Gray has been several hours 
in court,” &c. 

We think it is the stronger because Lord Coleridge 
had just before quoted the owner’s words that Mr. 
Gray was atins on a report he had received from 
Mr. Wilson, The case has a ently been decided 
altogether on misdirection. r, Wilson by the Act 
of 1875 is made equal in power to the Board of 
Trade in respect to the detention of vessels, and he 
cannot theselen’ be indicted for acting in 1876 with- 
out a special order of the Board in this case. 
These law officers in the confusion of multitude have 
oy the cart before the horse, they have looked at 

. Wilson carrying out Mr. Gray’s order instead 
of, as the Act directs, Mr. Wilson’s authority 
moving Mr. Gray. 

In Mr. Watkin Williams’ opening speech he gives 
a version of an interview which Mr. Kain had with 
Mr, Gray at Whitehall. Mr. Williams introduced 
his own comments on what he said were Mr. Gray’s 
words insuch a way as to mix by Nyame quite 
unintentionally, what he meant as Mr. Gray's words, 
and what was an expansion of the sentiment at- 
tributed to Mr. Gray. The result of this was that 
most of the daily quoted from Mr. Williams 
that Mr. Gray had tald the owner that he, Mr. Gray, 
“might as well be a doctor or a midwife; he was 
called up at all times of the night to stop these 
wretched ships.” There is not, however, in the 


evidence afterwards tendered one word about “a 





doctor or midwife.” These words seem therefore 
to be merely some of Mr. Williams’ “cocoa nuts” 
filled in to make up the cargo of pitch. 

The case was, as we have already said, actually 
against the Board of Trade, the nominal defendants 
against whom judgment was taken were not really 
represented by counsel or these glaring assumptions 
would not have been allowed to pass without com- 
ment as they did. 

In the same groove Lord Coleridge followed in 
the summing up. He says, ‘‘ Mr. Gray said he was 
using no discretion, and he signed the documents 
without any report at all.” ‘The word discretion, 
like many other words in the English language, has 
two meanings. Originally the word meant a parting 
or separation by sifting, hence disjunction or a 
break in a rule or series, and as such it stands in 
science, pronounced with ‘‘e” long. As the power 
or authority to make such a break in a regular 
course of action should be exercised always with 
gpa and judgment, the word has come to 

ave a secondary and more common meaning as 
equivalent to prudence or judgment. That the 
primitive meaning still lurks in the word is obvious 
in many cases where it could not be changed into 
either of these words without injury to the sense. 
For instance, turning to the papers of to-day we 
find the following in a speech of Colonel Stanley on 
courts-martial in the House of Commons. ‘ Unless 
Parliament was prepared to give an officer a 
statutory right in his commission there must be 
allowed the exercise of a discretion by the Crown 
in removing him from the service.” ‘The word here 
does not mean either judgment or prudence, although 
it implies the use of both in an act of discretion. 
When Mr. Cross refuses to exercise his discre- 
tionary power in favour of any criminal it would be 
gross perversion of language to say that he was 
therefore using no discretion. By the Act of Parlia- 
ment neither Mr. Gray, nor even the commissioned 
Board of Trade, are in possession of any discre- 
tionary power to set aside the decision of a detain- 
ing officer, and in refusing to exercise any discretion, 
Mr. Gray was merely obeying the law. Itis probable 
that if Mr. Gray had appeared in the witness box such 
an explanation as this might have been given of the 
word, if indeed the word had ever been used at all. 
Why was Mr. Gray not put into the witness box ? 
A —_— of the evidehce renders this question not 
a difficult one to answer. 

There is another somewhat similar case which has 
been decided before the Wreck Commissioner in 
Glasgow last week; the Board of Trade refused 
altogether to t a certificate to a certain river 
steamer which has plied in the Clyde for thirty-seven 
years. The decision is that the Board must grant 
a certificate after certain necessary repairs, and as 
both parties have been in the wrong they have each 
to pay their own expenses in the trial. This is 
another case to show how unworkable these powers 
of the Board of Trade are in the hands of a Govern- 
ment department, rhaps not because they act 
differently to what Lloyd’s would do, but because 
their action is a police action and invidious. 








A SIXPENNY PHONOGRAPH. 

WHEN a great scientific discovery or invention is 
announced to the world, such, for example, as the 
telephone of Professor Graham Bell, the microphone 
of Professor Hughes, orthe phonograph of Mr. Edison, 
itis pretty certain in a short time to be followed first 
by spurious and unauthorised imitations, which, if 
the invention be protected, are nothing more or less 
than direct infringements of the patent, and after 
that by highly interesting modifications of the ap- 
paratus either for the extension of the principle, 
developing further physical facts, or to analyse 
those ly discovered ; or else for the reduction 
of the instrument to its simplest ible form, so 
as to place in the hands of the teacher as well as in 
those of the million a scientific toy which can illus- 
trate and render familiar the principle which lies at 
the base of the more important and typical ap- 

tus. 

There are few who can have failed to see that 
both the telephone and the microphone have gone 
through both these stages; and the phonograph, 
after Caine been imitated by amateurs and copied 
by unlicensed manufacturers, has led to the very 
beautiful analytical and synthetical apparatus of Mr. 
Stroh, and has quite recently reap as & 
curious and most interesting scientific toy, and one 
which we would hestitate to say could not be made 
applicable to some useful purposes. 
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The very simple apparatus which we illustrate 
below is a speaking phonograph that can be made 
and sold for sixpence or even less, and yet leave a 

rofit to the manufacturer. It is the invention of 
i Lambrigot, an inspector of telegraphs at 
Albi, in the Department of Tarn, in the south of 


France, and has been brought to this country by M. 
Hospitalier, whose name is well known in connexion 
with physical and electrical science. 





The whole apparatus which is represented in 
Fig. 1, consists, first, of a hollow cone of pasteboard 
about 1} in, in diameter, whose apex is connected to 
the centre of a similar sized pasteboard disc by means 
of a lead wire about 16in. long; and, second, of a 
small board or tablet, on which is fixed one, or a 
larger number of sbort lengths of lead wire, each of 
which bears upon its upper surface a phonographic 
embossed record corresponding to a certain word or 
sentence, by which it was originally produced by a 
process to be described further on. ; 

To those who are familiar with the construction 
of the phonograph in the form in which it was first 
shown in this country, and which was fully described 
in these columns more than a year ago,* it would 
appear necessary in order to reproduce the sounds 


recorded on the tablet, for the edge of the disc to| Pp 


be held in an annular frame so as to convert itintoa 
diaphragm, and for its centre to be'thro to vibra- 
tion by means of a point or style projecting from it 
and drawn over the undulatory surface of the record. 
But the method of using the apparatus is far simpler 
than that; all that is necessary is to hold the paper 
cone against the ear with one hand and with the 
other to take hold of the cardboard disc, drawing 
its edge along the record with a steady scraping 
motion, and the mechanical vibrations thus set up 
in the dise being communicated by the wire to the 
conical ear-piece which serves as a resonator and 
concentrator, produce in the organs of hearing the 
sensation of the articulate sound by which the mark- 
ings on the leaden record were originally produced. 
We should have thought that a stout thread or a 
lighter wire would have formedamore efficient as well 
as a cheaper connexion for the ay ve than the 
lead wire, but we are infomed that M. brigot has 
found the lead to answer the purpose better than 
anything else; it does not require to be kept 
stretched between the cone and the disc, and being 
of a very inelastic nature it does not spring about 
and — disturbing sounds by clashing against 
itself or against neighbouring objects. Again, it 
would naturally be expected that the ear-piece 
would be more perfectly adapted to its purpose if it 





* See ENGINEERING, vol. xxv., page 186. 








were in the form of that used in the ordinary thread 
telephone, that is to say if it consisted of a cylin- 
drical cardboard box closed at one end with a 
stretched paper diaphragm, to the centre of which 
the connecting wire were attached, but simple as it 
is, this would undoubtedly be a more complex form 
of construction than the cardboard cones, and 
would be far more liable to be destroyed by the 
weight of the connecting wire. The employment 





of cardboard as the material of which the principal 
parts of the apparatus are constructed is, in the 
case of the cone, for cheapness, and in that of the 
disc partly for cheapness, but chiefly to protect the 
markings on the lead record from being destroyed, 
as they soon would be if a harder material than 
card were employed. 

The most interesting point connected with this 
very simple apparatus is the method by which the 
leaden records are produced, which is as follows: 
The upper surface of a rectangular prism of glass, 
or other hard and rigid material, is thickly coated 
with stearine wax, which is then scraped into a 
convex form, as shown in the diagram Fig. 2, in 
which @ represents the glass bar and 4 the 
convex coating of stearine. This bar is then fixed 
into a simple phonographic instrument, which, by 
means of a screw or other mechanical contrivance, 
traverses it at a suitable speed below a diaphragm. 
This diaphragm is rigidly held around its circum. 
ference by an annular framework (not shown in the 

i ), and is in every respect exactly similar to 
the diaphragm of an ordinary phonograph. To the 
centre of this diaphragm is attached a thin flat plate, 
whose lower end is cut out to a concave curve to 
fit the convex surface of the stearine 4. When all 
is properly adjusted, and the temperature is so 
arranged as to give to the stearine surface the 
roper degree of hardness to insure the best results, 
the handle of the instriment is turned, and at the 
same time words are spoken against the diaphragm, 
which immediately set up in it vibrations, which are 
communicated to the plate or style. While this is 
moving up and down, following the vibrations of the 
diaphragm caused by the voice, the stearine coating 
of the bar a 4 is steadily drawn in the direction of 
the arrow below the vibrating bar, receiving from 
it a phonogram similar to that produced on the tin- 
foil of an ordinary phonograph. 

The stearine bar is then coated with a fine surface 
of plumbago so as to give to it an electrically con- 
ducting surface, and it is then electro-plated with 
copper by the ordinary process. Out of the copper 
coating so formed the stearine is removed, and a 
rigid backing of lead or other metal having been 
run over the outside convex surface of the copper, 
a firm copper-lined matrix or mould is formed, the 
whole presenting the appearance shown in Fig, 3, 
and consisting of a rectangular block having along the 
centre of one of its sides a semi-cylindrical groove c 
of copper which bears upon its surface certain 
raised striations corresponding to the depres- 
sions which were made by the diaphragm on the 
surface of the stearine. Into this groove is laid a pieoe 
lead wire of about 3 or 4 millimetres in diameter, and 
the two being put into pe and squeezed together 
the surface of the lead wire receives a ent 
impression which is an exact reproduction of the 





original impression made uponthe stearine bar. From 
one copper matrix a very large number of lead im- 
pressions may be made, and we are told that the 
whole process can be gone through and lead wires, 
each containing the record of a short sentence, can 
be a and sold with a profit for one halfpenny 
each, 

It is an interesting fact that if a small stick of wood 
such as the stem of a common match, be substituted 
for the disc shown in Fig. 1, and its end be drawn 
along the copper groove of one of the matrix moulds 
shown in Fig. 3, articulate is communicated 
oa well to the ear-piece, although the mo- 
tion of the point is the reverse of that of the disc; 
and this bears a very close analogy to the fact that 
in the ordinary Bell telephone a message is trans- 
mitted with equal distinctness whether the poles 
of the receiving instrument be reversed or not, 

We have an opportunity of testing this simple 
little instrument, and the words come out of it with 
remarkable distinctness, though of course with but 
feeble power ; and among the following words, all 
of which we have heard it utter, some were unmis- 
takably clear: ‘‘Mon cher ami,” ‘“‘ Louis Quatorze,” 
‘Victor Hugo,” ‘La République,” ‘ Octavie,” 
‘“¢ Bonjour,” ‘‘ Lambrigot,” “‘ Miserable,” and ** Mi- 
racle,” and it is a curious fact that while in the 
phonograph the words ‘‘ Phonograph” and ‘“ How 
do you do?” come out with exceptional distinctness, 
so in this instrument the words “ Bonjour,” and the 
name of the inventor, “ Lambrigot, ’ are the clearest 
of those we have heard. 

It is only fair to Mr. Edison, the inventor of the 
phonograph itself, to point out that the plan of 
producing a phono; on a stearine surface, and 
afterw reproducing it in copper by the process 
of electrolysis, was sug by him long ago, 
but we do not understand that M. Lambrigot 
claims any novelty for that portion of the invention, 
but more ially for having produced a little in- 
strument at the cost of a few pence, which can 
demonstrate the action of the phonograph and illus- 
trate some of the most beautiful phenomena con- 
nected with the science of acoustics. We must 
congratulate M. Lambrigot on his success, and upon 
the very beautiful methods by which he has brought 
it about, and we hope before long his very interest- 
ing little instruments may find their way in large 
numbers to this country, for it is by the cheapest 
and simplest apparatus that some the greatest dis- 
coveries of science are made, not on account of any 
intrinsic merit in cheapness, but because popular in- 
struments, accessible to thousands, often give to 
individuals a first taste for scientific investigation, 
starting them on a research which may lead tu great 
things, and out of the multitude of workers which 
such inventions instigate, some discoveries are well- 
nigh certain to be made, 





THE LONDON GAS COMPANIES. 

It is satisfactory to find that at least one branch 
of industry has escaped that depression affecting 
most of the trades of this country. During the 
early part of the present month numerous meetings 
took place of the shareholders of gas companies, but 
of these we shall only call attention to five serving 
the metropolis, viz., the London, the Phoenix, the 
Surrey Consumers, the Commercial, and the South 
Metropolitan, which stand next in importance to 
the Gas Light and Coke Company, that embraces 
about two-thirds of the supply of London, and 
a about an equal ratio of metropolitan gas 
capital. 


‘The accounts of the London Gas-Light Company 
showed an increase of rental notwithstanding a re- 
duction in price. After providing for the interest 
and for the dividends on the preference capital, 
there was a balance of profit for the half-year end- 
ing December, 1878, of 26,482/., giving a dividend 
at the rate of 10 per cent. per annum on the 
ordinary stock. As might be supposed, the chair- 
man thought little of the danger from competition by 
the electric light. It appeared that the shareholders 
of this company had not been influenced by the 
** electric scare,” for out of a total of 500,000/. share 
capital only about 14,000/. had changed hands. The 
chairman denied that there was any intention of 
amalgamating with the Gas-Light and Coke Com- 
pany unless remy! favourable terms were 
offered. Mr, Robert Rawlinson, C.B., the well- 
known engineer of the Local Government Board, 
and a director of the company, stated that while the 





electric light might be of service in open it 
was too costly. He ridiculed the idea of subdivid. 
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ing the light for domestic purposes, prophesyin§ 
that no living person would ever see such a result 
practically carried out. Mr, Rawlinson has made 
perhaps a rash. prophecy. It is only about sixty 
years ago that Davy condemned gas as absolutely 
dangerous for house lighting—he was wrong. On 
the other hand, we heard an eminent deceased 
philosopher declare about thirty years ago that 
electricity would be laid down our streets. In the 
event this proved true as regards the telegraph and 
may become more so in regard to artificial illumi- 
nation. 

The operations of the Phenix Company come 
next, The balance of net revenue for the half-year 
was about 58,000/., and a 10 per cent, annual divi- 
«lend was declared. The rental had increased at 
about the rate of 7 per cent. including also minor 
items, Although the directors had no intention of 
competing with electricity, they had resolved to 
attempt an improvement on the present state of 
street-lighting in London. They therefore made the 
experiment in the Waterloo-road and at the 
Waterloo Station, and it was shown (he said) that 
sufficient light could be provided at a considerable 
less cost than by electricity. 

In respect to the Surrey Consumers’ Gas Com- 

ny, the report showed that the revenue for the 
Ralkonen gave a profit of 18,250/., allowing of a 
10 per cent. annual dividend, The directors were 
favourable to amalgamation with the South Metro- 
politan provided good terms were offered. The 
electric light of course came in for strong opposition, 
but the directors were jubilant on the subject, and 
had no fear of danger from that source. 

Next we have to notice the Commercial Gas 
Company. ‘The report tor the half-year showed a 
net profit of about 44,0007, which allowed a divi- 
dend of 10/. 10s. on the old stock, and 7/, 10s. on 
the new, with, as in preceding cases, a balance to 
carry forward, The chairman stated that the trials 
of the electric light had done all the gas companies 
much good, and placed them in a more powerful 
osition, ‘The sale of gas and of residual products 
ad both improved during the past half-year. He 
added that the company was in such a prosperous 
condition that they could reduce the price of to 
consumers from 3s. 5d, to 3s. 3d, per thousand feet, 
and yet maintain their dividends to 114 per cent, on 
the old stock. 

Last in order we have to notice the half-yearly 
meeting of the South Metropolitan Gas Light and 
Coke Company. The report showed an increased 
business of about 8 per cent. in 1878 over 1877, 
which was partly due to the increase of the use of 
gas for cooking and heating purposes. The con- 
sumption of this company’s gas had largely in- 
creased during the past half-year, consequently 
more capital had to be raised, so that additional 
works might be erected to meet the demand. The 
accounts showed that the profit was sufficient to pay 
a dividend of 114 per cent. per annum, to which, 
under the sliding scale, the shareholders were 
entitled to add 1 per cent. to the insuring fund, and 

also to carry a balance forward to the credit of next 
half-year. 

These five reports prove that gas shares are 
among the most profitable class of investment. 
We might have added reports of meetings of foreign 
companies recently held, and showing the same re- 
sults, Of course the low prices of coal and iron 
may largely account for this favourable state of 
things, An increase in the quantity of gas sold, 
and better prices obtained for residual products, also 
assisted. No doubt but that the ratio of improve- 
ment would have been still greater had it not been 
for the bad state of trade. This improvement of 
the position of the metropolitan gas companies 
render still more remote their chance of their 
becoming under one central authority by purchase. 
But, to some extent, there seems an inclination 
among them to further amalgamate. It only remains, 
therefore, for the local and Government authorities 
so to supervise the operations of these companies 
as to secure to the consumers, ‘‘ by due care and 
management,” gas of good quality an1 at a reason- 
able price, while the interest of the shareholders 
also shall be equitably attended to. In one respect 
the gas companies are acting greatly to the advan- 
tage of the public, namely, in endeavouring to extend 
the use of gas for cooking purposes, and for heating 
dwellings. In Paris these objects have long added 
to the prosperity of the gas company, and will 


doubtless have the same result here when, by im- 


THE MANUFACTORE OF SANITARY 
PAINTS. 


Tue recent opening of the new works of the 
Silicate Paint Company, at Charlton, affords another 
instance of the substantial progress of invention 
when applied in a practical direction. Originally 
commenced in Liverpool on a very small scale some 
ten years since by the company, this manufacture 
gradually extended itself there until the further ex- 
tension of the works became impossible, and the 
acquisition of waterside premises near London was 
found to be an absolute necessity. About twoacres 
of ground were therefore taken on the banks of the 
Thames, at Charlton, and the present extensive 
premises were built by the company. The gist of 
the invention consists in the substitution of sulphide 
of zinc for white lead in the manufacture of the 
paints, and the excellent results which have attended 
the use of this pigment, both as regards appearance 
and surfacing rege and not less its innocuous 





nature, have led to the increasing success which has 
attended its manufacture. Having recently visited 
the works in question, we are enabled to place 
particulars of the various manufactures there 
carried on before our readers, The chief products 
of the works are Griffiths’ patent white paint, the 
silicate paints, enamel paints, or petrifying liquid 
for waterproofing and distempering walls, and marine 
paints. ‘The substance known as Griffiths’ white is 
the most important article of manufacture, and to 
this, therefore, we shall give prominence, the nature 
of the other manufactures being more or less gene- 
rally known, 

Ascending to the roof of one of the wings of 
the works we find six tanks each capable of hold- 
ing two tons of liquid. In these scrap zinc is dis- 
solved in acid, the zine liquor being run off at 
intervals into tanks in a room beneath, where the 
sediment is pressed to obtain from it all the zinc 
liquor, the sediment consisting of iron and other 
waste matter. On this floor are two iron tanks, in 
which soluble sulphides are boiled by direct steam 
heat, jets being introduced into the liquor. The 
sulphides and the zinc liquor are run into large 
wooden tanks, of which there are three, placed on 
the floor below. Here the two liquors combine, and 
form the sulphide of zinc, which is the base of most 
of the paints made at these works, Still descending, 
this mixture is run down to a room below, where it 
is treated in filter presses. The press cake is re- 
moved to the drying room, where it is dried on hot 
plates, after which it is calcined in ©-shaped retorts 
in a furnace. Having there been raised to a cherry 
red heat, it is next thrown fresh from the retort into 
cold water in order to soften it down for grinding. 
It is then placed under edge runners and ground, 
after which it is placed in levigating tanks and 
washed several times over until the water comes 
away perfectly pure. From the levigating tanks it 
is taken to another set of presses, and the press cake 
is finally dried in a drying room capable of holding 
70 tongs under the influence of hot air, and when so 
dried it forms the finished pigment. 

It will be seen that a great number of processes 
are involved in the production of this pigment, and 
it may be supposed that the present perfection was 
not arrived at without long and patient investiga- 
tion. As a result, however, we here have a base for 
paints which, while possessing none of the in- 
jurious qualities of white lead, has special properties 
of its own which render it invaluable as applied to 
the various purposes for which paints are used. 
This pigment is packed for the market in a dry 
condition, and is also ground with oil in a machine 
room. This room is about 150 ft. long by 25 ft. 
wide and is situated in the eastern wing of the 
building. In it are a number of pugs or mixing 
mills, flat stones, and roller mills. ‘There are also 
several pairs of edge runners used for crushing pur- 
poses. ‘The dry powders and the oil are supplied 
from the floor above to the mixing mills, and when 
these have been properly incorporated they are put 
either through the flat stones or the three roller 
mills. These latter are Clarke’s patent, and consist 
of three granite rollers about 12 in, in diameter and 
2 ft. in length, the paint being fed between the first 
and second rolls and ing afterwards between 
the second and third. e roljs revolve at different 
speeds and turn their work out well and quickly. 
In this department variously coloured paints are 
prepared, a bright green free from arsenical in- 
gredients being very prominent. Adjoining this 
room is another, where the manufacture of the petri- 





roved apparatus, certain prejudices against gas have 
n overcome. 


fying liquid for the preservation of stone and 





other similar constructive materials, and for damp 
walls, is carried on. In another direction is a de- 
partment for the preparation of enamel paints in 
all colours, and which give a hard glazed surface, 
These paints are used amongst other things for pro- 
tecting the iron plates of salt and sugar carrying 
ships. The remaining departments, which are situated 
in the western wing of the building, consist of pack. 
ing and storing rooms, a room in which the various 
colours are manufactured—all of ‘which colours are 
non-poisonous—a varnish room, and a_ chemical 
laboratory. 

The various machines in the eastern wing are 
driven by a 40 horse power horizontal engine by 
Messrs. Clayton and Sons, of Preston. Steam is 
obtained from three Cornish boilers 20 ft. by 6 ft. 
with 2 ft. 6 in. flues, one of which is kept in reserve, 
Near the engine-house is the oil-boiling plant, which 
consists of a sunk tank into which the linseed oil is 
delivered, and from whence it is pumped up into a 
tank fitted with a steam coil and an air-blowing 
apparatus, Having been boiled the oil is stored for 
use in a tank capable of holding 3000 gallons. 

Before leaving the works we were shown several 
experiments in which the Griffiths’ patent white was 
put to crucial tests, which it successfully withstood. 
‘T'wo pieces of iron, one coated with this paint, and 
the other with the best white lead paint, were put 
into a furnace. In a few minutes the Griffiths’ paint 
came out white and to all appearance uninjured, 
whilst the white lead was completely destroyed. 
Samples of the two paints were then subjected to 
the action of sulphuretted hydrogen gas. ‘The 
Griffith pigment remained unaffected, but the lead 
paint was instantly discoloured. These experiments 
demonstrated first the stability of the paint and its 
fitness for use in hot climates, and secondly its per- 
mancy of colour in the vicinity of sewers. The com- 
parative surfacing properties were demonstrated 
clearly by an experiment made a short time since, the 
results remaining for inspection. Here four boards 
painted black, and each having an area of 46 square 
feet, were coated, one with lead paint, and the other 
three with three kinds of Griffiths’ patent white. 
Of the white lead paint it required 9 ounces to cover 
the surface, whilst of the other paints it only took 
54, 5, and 44 ounces respectively to cover the same 
area. In each case these weights include oil. The pure 
white lead being taken as 100 the percentages of 
covering with the Griffiths white were 180, 189, and 
236 respectively, thus showing one kind of the latter 
pigment to possess 136 per cent. greater surfacing 
power than the lead. As regards opacity the lead 
paint was inferior to any of the other three samples, 
Upon all points, therefore, it was satisfactorily 
demonstrated that Griffiths’ patent white possesses 
all the qualities and requirements of a good paint, 
which, while equal to white lead in working, does 
not affect the health either of makers or users. 


LITERATURE. 


The Problem of Human Life, embracing the Evolution of 
Sound, and Evolution Evolved. By Witrorp. New 
York : Hall and Co. 

A Book of five hundred pages, half of it written in 

unrhymed octosyllabic measure, and which besides 

demolishing Darwin, Huxley, ‘Tyndall, and Haeckel, 
and the whole doctrine of evolution, contrives, while 
nominally discussing the problem of human life, to 
devote two hundred and sixty pages to refuting 
the accepted theory of sound in order to advance 
the counter-theory that sound isa material substance, 
must be a marvellous book indeed. Yet this is, 
in brief, the contents of the work before us. Hidden 
behind the shield of this chosen nom de plume, the 
author sets out on a gallant tilt against scientific 
men in general, and a few evolutionists in particular. 
It must be confessed, however, that the warfare is 
but a sorry exhibition, for unfortunately the prin- 
cipal part of that which is self-designated argument 
appears to consist of a rather clever tissue of pro- 
positions framed on the immemorial ad hominem 
principle so dear to disputants who have a bad case. 
So far as we are able to gather from this most in- 
genious but very unequal work, the position taken 
by the author is somewhat as follows, The conflict 
between the doctrines of popular theology and that of 
evolution has arrived at such a point that it 1s 
needful to disprove either one or the other. The 
author tells us that he, therefore, after calm de- 
liberation, intends to attack the doctrine of evolu- 











tion fairly and fully, for (he modestly assures us on 
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e 26), if he does not succeed in overwhelming 

it, ** there is not the slightest question, 

But that modern evolution 

Will continue on expanding, 

Till it has exterminated 

Every vestige of religion, 

And all social institutions, 

Based on teleologic ideas, 

Or a Christian revelation.” 
Since then nothing but the arguments of one living 
man, and that man the author of this extraordinary 
work, can save the world ‘from drifting into Dar- 
winism and materialism, the author finds it neces- 
sary to prove the substantial nature of the soul and 
of mind, and (asa preliminary) of the physical forces 
in general. He is sure at the outset that there is 
no need to prove the material nature, for instance, 
of magnetic force, for on page 61 he informs us 
quite gravely that the currents from a magnet are 
proved to be substantial fluid since they move corporeal 
bodies. A very few pages suffice for our author to 
demolish with a few giant strokes the undulatory 
theory of light, and to once more establish trium- 
phantly that light consists of corpuscles shot out from 
luminous bodies. Of course heat is also to be con- 
sidered as a substance or kind of attenuated matter. 
The chief argument, so far as any appears, is that 
since the simile with which Professor ‘Tyndall once 
illustrated the undulatory theory of light, when he 
likened the ether of space to a “jelly,” is untenable 
as a representation of fact, it follows that the ether 
of space being uathinkable does not exist. Hence 
the undulatory theory falls to the ground for want 
of amedium in which the vibrations can take place. 
Light being thus proved to be necessarily a sub- 
stance, it only remains to attack the undulatory 
theory of sound, the last stronghold of science, and 
to prove that sound waves are impossible and 
monstrous fictions imposed upon us by scientific 
men who really are aware of their impossibility. 
‘‘ While maintaining as I do, that the wave-theory is 
a most transparent and unmitigated scientific fallacy, 
I as strongly insist that, such fact being clearly es- 
tablished, there is nothing else left for sound to be 
but substantial emissions.” This being satisfactorily 
proved from facts and figures drawn from the 
works of Helmholtz, Tyndall, and Mayer, it only 
remains to wind up the book by abruptly changing 
the subject and appending five disjointed chapters 
on Darwin, Haeckel, and Huxley, and on evolution 
in general, which is proved by choice scraps half 
quoted from those eminent men of science to be im- 
possible and absurd. 

So much for the general plan of a book which 
has, we understand, met with great favour in 
literary and theological circles across the Atlantic, 
and now appears in its second edition. The author 
possesses a remarkable facility in versifying, and 
in shaping to the requirements of his verse the 
most difficult technical terms, though his work is 
not too melodious, as the following samples will 
show: 

** Thus electrical discharges, 

As an entity substantial, 

May be readily converted 

Into heat and magnetism— 
Gravitation into motion ; 

Motion then becomes, by friction, 
Electricity, caloric, 

Light and sound, and every other 
Force of which we form cognition.” 
** All our troubles in conceiving 
Gravitation, maguetism, 

Electricity, caloric, 

Light, and even life, as matter 

Of unknown attenuation, 

Are our superficial ideas, 

And our usual gross conceptions 

Of the substances around us.’”’—page 69. 

In the parts of the work where no attempt at 
metrical effect is made, the style is eminently 
graphic, and the points are taken with all the keen- 
ness of a practised debater ; so much so that an un- 
suspecting and unscientific reader would probably 
never notice the many cunningly hidden fallacies of 
the portions where figures are adduced, and scientific 
propositions are discussed. A good example of this 
species of writing occurs in the paragraphs on the 
acceleration of a sound wave by the heat evolved in 
the condensed portion of the wave. It is, however, 
when the author descends from poetic vagueness to 
prosaic details of matters really within the province 
of physical science that the fallacies on which his 
work is built peep forth, To collect the whole of 
the scientific inaccuracies and blunders would take 
along time. We are told, for example (page 126), 


that the velocity of sound in a substance is the exact 
ratio of density to elasticity; that (page 69) the 








torsion exerted by elastic threads diminishes in the 
ratio of their elongation ; that (page 91) elasticity 
can be generated by the motion of a tuning-fork ; that 
(page 131)—still more astounding fact—the produc- 
tion of a certain sound ‘cost the expenditure of 
fifteen pounds of mechanical force per second.” 
This is not the only blunder in the first principles 
of dynamics, for the author tells us that (page 132) 
he ‘reduced the vis viva required to produce the 
rapid vibratory motion of a single inch column of 
air for a mile high to one pound a second;” and 
having accomplished that remarkable process, 
thus giving vis viva as the quotient of a mass by a 
time, he then proved from it that the “ physical and 
mechanical effect” (on the wave theory) of the 
sound of a locust, audible two miles away, is ‘‘ equal 
to six thousand pounds!” This unfortunate insect, 
sometimes under the denomination of a locust, at 
others under that of a cricket, is made to do duty 
over and over again throughout the book, being 
dragged in to disprove (!) point after point in the 
wave theory whenever no other argument turns up. 
There is such a thing as having too much of an 
amusing and harmless fallacy. Of such words as 
‘‘ force,” ‘*energy,” “velocity,” the most reckless 
use is made, and any careful reader will not fail to 
notice that the author appears not to know the 
exact meaning of those terms. Nor does he appear 
to have the faintest conception of such necessary 
matters in dealing with acoustical problems as 
simple harmonic motion and specific heat, We select 
one final example of the absolute ignorance displayed 
by the author of the simple elementary facts of 
physics. ‘‘ Thus (page 142) one-half of the entire 
atmosphere throughout four cubic miles is heated all 
the time, and the other half cooled all the time, 
while the locust is stridulating, though there is a 
transition and a transference of heat from one to the 
other half constantly taking place, according to the 
wave theory . But here I meet with a 
difficulty in my calculation, and the only one [ have 
yet encountered. Professor Tyndall does not tell 
us what amount of ‘pressure’ to the square inch is 
necessary to generate a definite amount of heat, or 
to raise the mercury in a centigrade thermometer, 
say, one degree.” ‘The notion of equivalence between 
certain amounts of “pressure” and ‘ heat” is too 
delicious. Will it be believed that there follows 
nearly a page of downright abuse levelled at Pro- 
fessor Tyndall for having been so ignorant as not to 
know or so base as to withhold -‘ this small piece of 
information” ? Still more incredible, the author 
proceeds to describe an experiment to supply the 
deficiency caused by this ‘‘ inexcusable neglect,” and 
found the heat actually generated by a pressure of 
fifteen pounds to be five degrees! After this climax, 
the task of a scientific reviewer must end, The 
work is not without some literary merits, and we 
extract, in conclusion, as an example of the author’s 
facility of style, a description of Edison’s phono- 
graph, which for compactness and fullness is pro- 
bably unequalled. 

‘* By properly attaching a steel point to the centre 
of a telephone membrane, so adjusted as to press 
into the delicate spiral groove of a revolving cy- 
linder enwrapped with tiafoil, the vibration of the 
membrane, acted on by the waves which accompany 
spoken words, is made to record a corresponding 
variety of impressions on the foil, in the form of 
delicate indentations of varying depths and undula- 
tory lengths. Then, by re-revolving the cylinder in 
the same direction with the point in the same line 
of indentations, the membrane is, of course, furced 
through the same variety of movements which produced 
the record, and is thus made to regenerate the 
original words exactly the same as when spoken; 
and this same thing can, of course, be done any 
number of times by retaining the foil record, and at 
any future dates desired, thus preserving the speech 
of friends, as we now preserve their photographs, 
for future generations.” 








American Locomorive BurLp1na.—The Rhode Island 
Locomotive Works, Providence, have completed, some 
time since, a contract for 30 locomotive engines for the 
New York Elevated Railroad Company, and are now en- 
gaged on another contract for 20 more engines for the 
same company. Within the last fortnight contracts have 
also been closed for the construction of 25 locomotives for 
the New York and New England, Detroit, Grand Haven, 
and Milwaukee, and St. Louis, Kansas City, and Northern 
Railroads, making in all 50 engines under contract to be 
built at these works. The three locomotive shops of Pater- 
son, New Jersey, are all running on full time, and within 
the last five months they have turned out 50 new narrow- 

auge freight a for the New York, Lake Erie, and 
Western Railroad. 





THE STEAM TRIALS OF H.M.S. “IRIS,”* 
By J. Wriaut, Vice-President. 

Iw the paper on the comparative efficiency of twin screw 
propellers in deep draught ships, read by Mr. White at last 
year’s meeting of the Institution, some particulars were 
given of the t trials of H.M. despatch vessel Iris, and 
in the discussion which followed a promise was given to 
communicate to the Institution the results of some further 
trials intended to be made with her with screw propellers 
of modified forms and dimensions. I now propose to re- 
deem that promise, so far as Iam able to do so. 

The trials were not so complete and extensive as it was 
then hoped that «Bt have been, for the ing of 
the original screw es and the construction of a of 
new two-bladed screws occupied a considerable Tongth 
of time, and as the “" had to be completed ready for ser- 
vice by a given date, the proposed series of trials had to be 
curtailed. However, the result of the trials which were 
made are interesting and instructive, and will, it is hoped, 
assist somewhat in throwing light on the hitherto hittle 
prin, «09 subject, the application of twin screws to fast 
steamships. 

T have pprentes to the paper a list of the principal di- 
mensions of the Iris, and her engines and boilers, but as 
the chief subject of this oy wig the performance of the 
screw propellers, I will not up time by reading these 


particulars. 
The first official trial, made on the 14th December, 1877, 

was what is known as the contractors’ trial, of six hours 

duration, at full power, at sea, to test the efficiency of the 

remy id generally. The following are the particulars of 
is trial ; 


Draught of water { in ard 15 ft. g in. 
one ” 39 
Area of midship section ove 702 sq. ft. 
Displacement ... eee o» a 8300 tons 
Mean pressure in cylinders { Figs 7 ; Ib. 
Po “ged 
Average revolutions per minute 90.318 
B: indicated horse power... 7060 
Speed of ship, about ... .. 16.4 knots 


On this trial, and ona preliminary trial made just before, 
it was seen that the s of the ship was about a knot an 
hour below what was expected her designer, the 
Director of Naval Construction, whose estimate of the 
speed was confirmed by the result obtained in Mr. Froude’s 
experiments with her model, and it was determined, as had 
been done from time to time before, to make several series 
of progressive measured mile ‘trials, to ascertain her per- 
formance correctly, and from the results to try and find 
out the cause of the deficiency of speed. 

I can — from personal attendance at the trials, that 
they were all most carefully made by the experienced 
officers at Portsmouth, but you will, pias find in analys- 
ing the results of the trials at the lowest speeds, that in 
spite of all the care taken some discrepancies ap . These 
probably have arisen from the difficulty of obtaining the 
indicated horse power with sufficient accuracy, and from 
some variation in the amount of the friction of the engines 
on the several days of the trials. The two pairs of engines 
have eight cylinders, four high and four low pressure ; at 
low powers the indicated pressures are very small, ‘and the 
increments of error which may arise from the friction of 
the indicators and the measurement of the di ms, where 
the top and bottom lines are very close together, will tell 
much more than at the higher powers. 

The hull of the Iris, as you are aware, is of Landore 
steel, and the bottom was coated with Sims’s composition. 
The state of the hull, both above and below water, was as 
nearly as possible the same on all the measured mile trials, 
and they were all made at about the same draught of water, 
viz., 15ft. 8in. forward, and 20 ft. Gin. aft. Fortunately 
also the force of the wind and the state of the sea were so 
nearly similar on the days of the trials that these influences 
on speed may be left out of account in considering the 
results of the trials. 

At the above draught of water the midship section is 
700 square feet; the displacement, 3290 tons; and the 
wetted surface, 18,600 square feet. 

The original screws of the Iris were four-bladed, as shown 
in Figs. 1, 4, and 7 (see next page); diameter, 18 ft. 64 in. ; 
the pitch at the leading edge was 17 ft. 2 in., at the after 
edge 19 ft.2in., and the mean pitch, as measured, 18 ft. 2 in. 
The disc area of the blades is about the usual osoriee 
for four-bladed screws, viz., ;4;ths of the whole disc. This 
type of screw had given very good results in a number of 
single-screw ships, and gprs by the Himalaya, where it 
gave the best results of any she has had during her long 
career. The case of the Iris shows, however, that a pro- 
peller which has proved very efficient for a single-screw 
ship may not be well suited for a twin-screw ship. 

he particulars of the s trials with the original 
screws are given in the Table under first series, and the 
indicated horse power curve is shown on Fig. 10. It will 
be observed that the highest speed obtained with 7503 
indicated horse power was only 16.577 knots, or about a 
knot below what was expected. These screws will be re- 
ferred to as No. 1. ; 

The second series of progressive trial was made with the 
same screws, with two of the blades of each removed, but 
no alteration was made in the pitch of the blades left in 
place. ‘This was considered to be the simplest and 
readiest method of proving, as was supposed, that the 
blade area of the screws with four blades was largely in 
excess. 

The particulars of these trials are given in the Table 
under second series, and the indicated horse power curve, 
Fig. 10, shows a great improvement in the performance as 
compared. with the previous trials. It was not considered 
desirable to put a very high power on these two-bladed 


* Paper read at the twentieth session of the Institution 
of Naval Architects. 
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of the No. 1 screws was much too large, it could not be 
accepted as proving that two-bladed screws were better than 
four-bladed, and as it was desired to retain four blades for 
the working screws, on account of the less amount of 
vibration, and of the ter uniformity of action to be 
obtained in h weather, the original blades were recast 
Messrs. Mausalay, and made to the form and dimensions 
wn in Figs. 2, 5, a ’ 
reduced diameter is 16ft. 3}in., or 2ft. 3in. less 
before, but, as will be seen on comparing the forms of 
old and new blades, the effective diameter is reduced in 
ther larger ratio than the actual diameter. The pitch 
the forward edge of the blades is 18 ft. 11} in., at the 

20 ft. 114 in., and the mean pitch, as measured, 

is 19 ft. 114 in., or an increase of 1 ft. 9} in. on the No. 1 
disc area of the blades is .288 of the whole 
blades are curved aft a little towards the tips, 
view of keeping the points rather further away 
brackets, and of checking, in some d , any 
i tendency of the water acted on. e blades 
were poli on both — pede mec esa oe = _ 
edges were made sharp. e orig’ bosses to whic 
new blades were attached had each a conical tail-piece added. 
These screws will be referred to as No. 3. 

The particulars of the trials are given in the Table under 
third series, and the indicated horse power curve is shown 
in Fig. 10. This shows an improvement on No. 2 screws 
with two blades, and, as compared with No. 1 screws, an 
increase at full speed of 2 knots, with only 211 indicated 
horse power more. The maximum speed was 18.57 knots, 
or about a knot more than the original estimated =. 
The vibration was very moderate comstiutes, Se rge 


S7LRs Shae eS 
reoagtter® 
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e fineness 


shafting, was 398, and this converted into equivalent thrust 
for No. 1 screws gives 3.78 tons. When this is deducted 
from the 5.3 tons shown by the curve there is left 1.52 tons, 
as the amount due to the friction of the screw shafting. 
From this we find that the horse power to overcome the 
resistance, Or initial friction of the screw shafting alone at 











amount of power put through the screws, and 
of the stern of the —_. 

As the full power of the engines could not 
be exerted on the No. 2 screws with two 
blades, a pair of full strength two-bladed 
screws of the usual well-known Griffiths’ 
shape were made. The blades were polished 
on both sides, like those of No. 3 screws, and 
the edges were made s) ; the boss was 
spherical, and bad a conical tail-piece. The 
diameter is 18 ft. léin., the pitch at the 
ang edge 20 ft. 32 in., at the after edge 
22 ft. 34in , and the mean pitch as measured 
21 ft. 3tin. The disc area of the blades is 
-19 of the whole disc. These screws will be 
referred to as No. 4. They are shown in 
Figs. 3, 6, and 9. 

e particulars of this series of trials are 

iven in the Table under fourth series, and 

the indicated horse power curve, the best 

of all, is shown in Fig. 10. The highest 

speed given by these screws was 18.587 knots, 
with 7556 indicated horse power. 

The vibration set up in the vessel with 
these screws in use was greater at all s 
than with either of the four-bladed screws. At the 
124 knots speed the vibration was very moderate, but 
it increased tly up to the 15} knots speed, and 
from this it decreased in until the maximum speed 
of 18} knots was reached, when it was nothing unusual. 
After this series of trials was it was determined 
to retain the No. 3 screws for use on the vessel, although 
their performance on the meas mile was not quite so 
gor It was intended to reduce the diameter and increase 
the Dey of No. 3 and No. 4 screws, and try them again, 
but time did not permit of this being done. The mean 
pitch at which each screw was set was determined by the 
revolutions the engines were required to make to develop at 
least the specified indicated horse power, 7000. ‘The 
engines being compound, it was n to run them at 
fully 90 revolutions to get them to take enough steam of 
60 lb. pressure to produce the a omer power. 

You will observe that the blades of all the screws were 
made with a small increase of pitch, 2 ft. on the width of 
the blade, with the view of diminishing shock at the leading 
a. All the screws were made of gun-metal, as usual in 
the Navy. 

It had been suggested that the engines of the Iris, having 
four high and a genes cylinders — — pocem 
panying number of movi Ee wie rb more 
wer than usual in dead load riction. In order to test 

his by aétual trials, the screw uhafting was disconnected 

at the first coupling, and the engines run at various speeds 
from 18 up to 90 revolutions per minute. At the low speeds 

the top and bottom lines of the indicator di s, taken 

with the weakest springs available at the time, were so 

close together that the mean pressure could not be obtained 

with sufficient accuracy to wamant me in giving the | 
results as reliable. At the highest speeds, however, | 
I believe the diagrams may be taken as fairly trust- | 


worthy. 

Each set of engines was kept ranning steadily while two 
sets of diagrams were taken. The port engines running at 
87.5 revolutions per minute gave 202 ind cated horse power, | 
and the starboard engines at 90.5 revolutions gave 196 in- | 
dicated horse power, or together 398 indicated horse | 
power, in dead load friction. The trials at all speeds | 
showed that the starboard engines worked with the least 


friction. 
oe 11 are shown the indicated thrust curves for the 
meas: mile trials with the several screws. The indicated 
thrusts have been calculated by 
iain: 6 athoest 
mean pitch of screw X revs. 3 
The base line shows the speeds in knots, and the ordinates 
the thrast in tons. The curves have been completed in the 























90.5 revolutions would be 170. The ag te initial fric- 
tion of the engines alone at 90.5 revolutions absorbs 
400 horse power, and the sum for the engines and shaftin 
400 + 170 = 570 horse power. The developed indica 
horse power with the same s of — and the original 
screws would amount to and therefore the power 
expended on dead load friction was only about 8 per cent. 
of the gross power. This shows that the engines were so 
well made and the i so well adjusted that th 
worked with unusually little friction. They compare well 
in this with machi of those single screw 
vessels mercantile i ive trials of 
which‘were 


marine, progressi 
by Mr. Froude and explained at the 
meeting of 1876. 
of this loss to be about 13 


In these he found the average value 
Ee cent. of the indicated 
Saas GHNDEs, ate he assigns this as the probably general 
ue. 
I come now to the question why was the performance of 
No. 1 screws with four blades so much inferior to the per- 
formances of all the others? 














will act on the largest possible quantities of water. In- 
deed, it has been said that if it oe not for the objection- 
able element “‘ surface friction,” there would theoretically 
be no objection to an indefinite extension of blade area. 
Tn short, it has been always considered as essential to the 
efficient performance of screws generally, that their blade 






































area should be large, and that the water must be permitted 
to flow freely to them. 

Now, No. 1 screws with four blades to fulfil the 
above conditions very completely ; for the blade area is 
undoubtedly very large, and as the run of the Iris is very 
fine, there is no obstruction to an ample supply of water 
for the screws. Nothwithstanding this, however, the re- 
sults of the trials appear to show that on account of the 

diameter of the screws, the shape, and the large area 
of the blades, combined with a fine pitch and consequent 
high rotary velocit; rdinarily large amount of 


» an extraordi 

peat seed in the surface friction of the blades. 

ut seeing what a large amount of power appears to have 
been wasted at the highest speeds with No. 1 screws, it 1s 
difficult to believe that it can be all credited to this cause, 
and it is interesting to form an estimate of the amount 
absorbed in the surface friction of the blades. In our 
present state of knowledge it is difficult to determine this 
with even approximate accuracy, but the elaborate and 
valuable experiments made by Mr. Froude, in 1872, on the 
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friction of planes, with surfaces of various kinds, travelling | trials with the several screws, but in this case the deducted, P will be same for each screw to produce the 
edgeways t rough water, furnish data which at all events | expended in the friction of the screw blades, as obtained same speed of ship. . 
enable us to form an estimate of the friction of screw blades, | from the above calculations, has been deducted from the 6080—P=1.689 F 
under certain conditions and with certain reasonable as- | total indicated horse power as { 4870—P=  F 
sumptions. The following are the results of the calculations | It will be seen at a that the performance of No. 1 6080—P=1.689 (4870—P 
which have been made: . screws is still much the worst,, and that on the above 689 P1300 ) 

For Nos. 1 and 2 screws, which were coated with Sims’s | assumptions respecting friction a large amount of y P= 1890 
composition, the co-efficient of friction has been taken as a | power still remains to be accounted for. But it may be 
mean of those given by Mr. Froude fora surface of varnish, | said the co-efficient of friction taken for these screws was | The relation between the amount of power absorbed by 


and one of fine sand. For a mean length of surface | 
3 ) AN 
of ding aay: cent. for edge resistance the co-efficient be- 


ft., the width of the blades, this amounts to .00564, 


comes for these screws. 


The polished surfaces of No. 3 screws were probably less 
Mr. Froude’s tinfoil surface, and about inter- 


smooth than 
mediate between it and the varnished surface. 
10 per cent. added as before would 


mean width of blade being 4 ft. the co-efficient beco 
.00365, inclusive «f 10 per cent. for edge resistance. 
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Scale of Ships Speed~Knots 


Scale of Indicated Thrust Trs 


Scale of Ships 
Time will not admit of the details of. the calcula- 


tions being given, but the results showing the horse 
* power expended on blade friction are as follows : 
No. 1 ScREws. 

At 91.04 revolutions per minute=1120 horse power 
3» 82.148 io ye = §20 ,, ”9 
” 65-105 ” ”? = 410 ” ” 
9, 43.358 ” ” = 120 ,, ” 

No. 2 Screws. 
»» 88.89 “ pa = 590 - 
9 2 9 ” = 400 ,, ” 
», 65.08 a es ss 210 : ,, os 
” 45.07 rT = 7 5, ” 
No. 3 ScrEws. 
” 97.189 ” ” = 420 ” ” 
” 85 388 ” 9 = 280 ” ” 
> 61.343 PP ” =110 ,, ” 
” > 39 = 30 99 %” 
No. 4 ScrEws. 
»9 98.25 ” ” = 330 ,, ” 
% 76.93 ” ” = 200 ” ” 
+> 09.385 ” ” = 90 ” ” 
” 39.15 = 30 ” ” 


” 

_Norr.—It must be remembered that the powers above 
given as actually expended at the screws on blade friction, 
are less than the indicated horse powers which must neces- 
tarily be developed at the engines to overcome these resist- 
ances. As the proportion in which the indicated horse 
power exceeds the power actually expended on friction 
at the screws is not obtainable, no estimate of it has been 
attempted in the paper. 

To admit of the results being more clearly apprehended 
curves are given in Fig. 12 showing the calculated surface 
friction for the several screws at the various speeds of the 
progressive trials. The base line gives the revolutions 
minute, and the ordinates show the horse power absor 
in the surface friction of the blades, obtained as ex- 
plained above. 

In Fig. 13 are drawn the horse power curves for the 





For a mean 
width of blade of 3 ft. the co-efficient for this screw with 


©. 4 screws had a similarly smooth surface, but the 
mes 








too small. To go to extremes, let us find the co-efficient 
of friction on the supposition that the whole of the dif- 
ference of the power as expended on the four blades of 
No. 1 screws, and the two blades of No. 2 screws was 
absorbed in surface friction, and we shall then find the 
power remaining available for the propulsion of the 
—_ and to ——— be Pango — — 
this appears enough. question of augmen 
resistance will be considered further on. 
The trial of No. 2 screws at the 15.726 knots’ speed gives 
a ready means of making the comparison. e iye 
veined to obtain this speed was 4370 with 88.9 revola- 


x 


“ 





Soale of Horse Power 


0 


Scale of Ships Speed) —Knots 
tions, and the power which would be required with No. 1 
screws to give the same speed of ship would be 6080, with 
86.85 revolutions. 

The blade friction of No. 2 screws with the co-efficient 
of .0062 was shown to be equivalent to 530 indicated horse 
power, and similarly with the same co-efficient No. 1 
screws to give the same s' of ship would absorb 895 
indicated horse power. The latter power divided by the 
former gives a ratio of 1.689. ire 

If F taken to represent the indicated fhorse power 
absorbed in the surface friction of No. 2 screws at 15.726 
knots speed of ship, then whatever the co-efficient may be 
1.689 F will represent the indicated horse power 
on the surface friction of the No. 1 screws at the same s 
of ship. If P be taken to represent the indicated horse 
power left after the assumed screw blade friction has been 





blade friction of No. 1 and No. 2 screws at any speed of s 
is Nap gr hrs proportion of the peteonones — 
nates (a a’: of the respective curves shown in Fig. 

Te the case of No. 1 screws 6080—1890=4190 inficcsea 
horse power would thus be absorbed in friction, and in the 
case of No. 2 screws 4370—1890=2480 indicated horse 
power. This would correspond to a co-efficient of friction 
=.0288, or about 4.65 times that of the co-efficient taken 
in the first calculations. 

It is evident that this latter estimate of the blade fric- 
tion is far too great, for, as shown by the above calcula- 
tions, it would absorb all the power developed by the engines 
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PE et Se ee a ee 
Scale of Ships Speed — Knots 


envent 1890, and this small amount which is left 
would have to overcome— 

1, The initial or dead load friction of the machinery. 

2. The working load friction of the machinery and 
pump resistances. 

3. The slip of the screws. 

4. The resistance of the ship at 15.726 knots’ speed. 

5. The augment of resistance due jto the action of 
the screws. 

Now, according to Mr. Froude’s experiments with 
the model of the Iris, the I.HP. necessary to over- 
come the resistance of the hull alone—i.e., the E.HP. 
—would be 2160 at 15.726 knots’ .. We see, 
therefore, that blade friction cannot be taken to 
account for x 5-4 like the whole of the bad per- 
formance of the No. 1 screws, and we must look for 
other sources of loss. 

1, It is probable that the four broad-pointed blades 
of No. 1 screws were more fruitful in ebay mealies 
than the others, and encountered more loss from this 
cause ; then, as the blades followed so closely on each 
other, taking, as it were, slices of water about 44 ft. 
thick, they might disturb rege the water for each 

other. Thatis, each blade probably came in contact with 
eddies set up by the blade which ed it, particularly 
towards the points of the blades, w they were 

and the velocity — The eddies would, no doubt be 
worse where the eqprenenen the sides of the ship, 
and the heads of the A kets which carry the screw 


As the blades of No. 2 screws followed each other at 
intervals about twice as long, ~ eddies set . Bal one 
blade would probably be left behind before the o could 
sweep round upon them. oe bee 

It may be said in objection to this view, then why was 
the o. 3 screws, which had also oom 
blades, so good? These screws were diameter 
area, ‘and of rather more pitch; the bades had narrow 
points, and they did not approach so close to the sides of 








332 





ENGINEERING. 


[Aprit 18, 1879. 





the ship by 1 ft. 14 in. The blades did notattain the same 
width as those of No. 1 screws until a distance of 6 ft. 3 in. 
from the sides of the ship was reached, and such blades 
would probably suffer much less rotary obstruction from 
disturbed water. 

The second source of loss with the No. 1 screws must be, 


iron are 154 in. diameter. The length 
the . Two brackets 20 ft. 6 in. apart are 
fitted on each side of the sbip to support the shafts, which 
are co with thin plate-iron casings to prevent ropes, 
&c., from fouling them. 


H.MS. “IRIS.".—EXPER{MENTAL TRIALS. 


have been suggested by Mr. C. M. Norwood, M.P., who 


le of wrought D 81 >. M. i 
of shafti outside the ship is 53 ft. 6 in. tothe centres of | stated his intention of proposing it to Parliament when 
bosses 


some remarks on the load line, at our meeting of 

March 18th, 1875, which will be found in volume xyvi., 
44, of the Transactions. And whatever credit 

be due to Mr. Plimsoll for the marvellous energy by whieh 












































— F inst Serigs, SscoND SERIES, THIRD SERigs. FouRTH SERIES. 
1. | 2. 3. | 4. | 5. | 6 | 1. | 2. | 3. | ad. | 2 | 3. | 4. | “‘ga' | a2tala | 5. 
Date of trial wee February 4, 1878. |Pebroary 5, 1878.| February 15, 1878. July 3, 1878. August 1, 1878, 
of water Forward 15 ,, 15 ,, 7% x 15 ,, 8 
Dreaght Aft we RD 20 ”” 6} 20 5, 6} s ri 
Immersed mid section oe OQ ft 700 700 700 7 
t ot «. tons 3290 3290 3290 8290 
Revolutions per minute 91.04 , 82.148) 65.105, 43.358 | 24.25 | 18.0 | 88.89/81.175} 65.07 [45.075 |97.189 (85,388.| 61.343 |40.963| 21.6 |93.25 {76.93 )59.385| 39.15 | 19.2 
Indicated horse power eve oe | ~=— 7008 | «-<S26L_ | «2560 755 217 143 | 4368 | 3306 | 1637 | 571 | 7714 | 5108 | 1833 | 606 | 184 | 7556 | 3953 | 1765| 596 | 1636 
Speed ha és ... knots} 16.577} 15.128] 12.064] 8.187 to vee 415.726 114.517 | 11.58] 7.95 |18.573 |16.564| 12.279 | 7.797 18.587 |15,746 |12.475| 8.321 
(Speed)*x mid section 
Ta? | 425.0 | 461.1 | 480.1 | 506.6 623.3| 647.8] 664.0] 616.6 |581.4 |628.8 | 707.0 [547.5 ‘ [soe 690.5 |770.0 | 676.7 
4) * (displacement)? : | 
Sh x a = 1343 | 145.7 | 151.7 | 160.1 197.0| 204.7| 209.8} 194,6|183.7 |196.8 | 23.4 |173.0 . |183.0 [218.2 |243.3 | 213.8 
f D Same screws as before, | 
escription Coramon with four parallel blades. with twoalternate blades Modified GriMiths,4 blades | Modified Griffiths, 2 blades. 
removed from } 
Diameter 18 ,, 64 18 ,, 6} 16,, 3} 18 ,, 14 
gf | Mean pitch “ «18 8 18}, 2 19 }, 11} 21 5, 3 
® { Slip per cent. * oo. eee nog.|2.69 neg.|3 36 neg.|5.33 neg.| iis | 1.99 | 0.93 | 1.41 | 2.29 | 2.97 1.50 |1.63 neg.| 3.36 | we | 5.04 | 2.49 | 0.07 |1.25 neg.| 
& | Expanded area of all blad «+. 8q. ft : 194.4 97.2 144 | 112 
Disc area of all the blades ove 9Q ft. 160.0 80.0 120.0 93.0 
Disc area " . 
(Area of circle swept by tips of blades +296 148 .288 .190 














1 think, in the greater augmentation of resistance with them 
than with the other screws. The four broad-pointed 
blades of large area set so nearly square to the line of 
motion of the ship, wy te each other so quickly, and 
approaching so near to the sides of the ship, must interfere 
much more than the other screws with the stream line 
motions of the water closing in at the stern to balance 
the head resistance. 

Mr. Froude estimates that the disturbance of stream 
line motions by the screw in well-formed single screw 
ships is equal to from 40 to 50 per cent. of increase upon 
the resistance of the ship, when towed at the same speed. 
With twin screws there is good reason to believe that the 
augment of resistance has a less tage than with 
oa screws, but on the other heal, theve is the drag of 
the brackets or struts and the shaft tubes to be overcome, 
and in the Iris this is known to be exceptionally 

. The run of the Iris is, however, very fine (as you 
will see by the section at the screws, Figs. 1, 2, and 3), 
and the screws may exercise less than the usual influence 
on the stream line motions, as compared with most 
twin screw ships. Still the amount of influence exer- 
cised must in itself be » and a consideration of this 
may help us to unders why the original screws of 
the Iris gave so much worse ts than the others. 

The great amount of attention which has of late years 
been given to the improvement of the designs of ships and 
engines has, it is feared, for a time, prevented such full 
consideration from being given to the improvement and 
proper adaptation of the screw propeller as such an im- 
portant subject deserves. It is understood that cases 
similar to that of the Iris have occurred in the mercantile 
marine, and if t who have had experience of any such 
am — la Mo gop eer J — before = Institu- 
m, they would he uci a subject on which much 
has yet to be a I ee 


H.M.’s. Twrn-Sorew Srext Desratcu Vasset “ Iris.” 
Principal Particulars of Ship and Machinery. 


Length... ft. 
Breadth ee Kee ose : 46 ft. 1 in. 
Dis ment at trial draught _.. 3290 tons 
al capacity ... ove eee eee 750 tons 
Engines.—The two sets of engi are in inde- 
— engine-rooms, transverse water-tight 
ulkhead. Each set consists of four cylinders, two high 
ressure, 41 in. in diameter, and low pressure 75 in. in 
iameter. The high-pressure cylinders are bolted to the 
fronts of the low- 


, which are of solid wrought iron, are made hollow, 


itworth’s fluid com: 
inside the ship are 14} in. 
in the stern tubes, 


Boilers.—There are twelve boilers, placed in two boiler- 
rooms, which are separated by a transverse water-tight 
bulkhead. The boilers face each other, and are fired from 
middle line boiler-rooms. The shells of the boilers are 
made of the same material as the hull of the ship, viz., 
Landore steel. 

The following are the dimensions of the boilers: In after 
boiler-room, six three-furnace boilers, 12ft. Gin. wide, 
18 ft. 6 in. high, 9ft. 7in. long. In the forward boiler- 
room, two three-furnace boilers, 12 ft. 6in. wide, 13 ft. 3 in. 
high, 9ft. 7in. long; and four two-furnace boilers, 
12 ft. 2in. in diameter, 9ft. Gin. long. Diameter of the 
furnaces, 3ft. lin. Length of firegrates, 7ft. Total 
area of grate, 690 square feet. Diameter of boiler tubes, 
Shin. h of boiler tubes, 6ft. 54in. Total tube 
surface, 15, mare feet. Load on safety valves 65 lb. 
There are two fixed funnels, with ventilating pipes up 
their centres. The diameter of the forward funnel is 
7 ft. 8 in., and of the after funnel 8 ft.4in. The height of 
ee above the dead plates of the lower furnaces 
is 4 





THE LEGAL LOAD LINE. 
The Legal Load Line, and some Remarks relating to 
the Principles of Safe Freeboard.* 
By N. E. Porter, Associate. 

Members of this Institution will be generally aware that, 
following on the public agitation concerning the over- 
loading of vessels, clausest were inserted in the Merchant 
Shipping Act, 1875, which compelled the owner to mark the 
| line on his vessel’s side. It has now become the 
custom to call this mark ‘‘Plimsoll,”’ but it appears to 





he forced the subject of over-loading to ag notice, he, 
wisely or unwisely, declined to accept this proposal as a 
means of stopping it, or at least accepted it under protest. 

The law allows the shipowner to put the mark as low, 
or as high, as he pleases; the freeboard being measured 
amidships from the yer surface of the deck, at the side 
to the centre of it. And unless its position is challe 
by the Board of Trade as unsafe, it becomes for that 
particular ship the legal limit of immersion. It may pos- 
sibly be said that these disc centres are often placed much 
above the point to which it is intended to load. When 
the law first came into operation this certainly appeared to 
be the case, and at present instances may be found of 
their being put 6 in. higher than it is intended to load to, 
possibly to avoid a dispute with a grumbling crew as to its 
exact position when the vessel is not in smooth water, or 
to allow of extra immersion should the vessel when abroad 
be offered{a freight between ports situated in a tropical 
region. So far, however, as I have observed, in the great 
majority of cases it is now the custom to load down to the 
dise centres when the weight of the cargo requires it. 

Shipowners having been thus called upon to practically 
illustrate their ideas in to minimum freeboard, [ 
have taken the opportunity to measure the sides of a 
number of vessels, and now place before you the results, 
in the hope that reliable information of this description 
may prove of some use to those who take an interest in such 
matters. 

There are 90 we 83 steam vessels, in all 173. 
Particulars of deck-plan, under-deck tonnage, and dimen- 
sions are given to afford an idea of the vessel, and columns 
are added showing the freeboards with coefficients of finess 
worked out by Mr. Martell’s method. This will be found 


Woop Vessets (Frxst Crass). 























R&SGISTERED. -o FREEBOARD. 
efficient 
No. DE:CRIPTION OF VESSEL. Under oaniiut as required x 
. _ Length.|Breadth.| Depth.| by Disc | 47” cail's eas 
nage. Contre. Tables. 
ft. ft. ft. ft. in. ft in. 

1 | Poop 66 ft., forecastle 40 ft. a 1159 211.0 35.3 220 5 6 5 Ng -70 
a » GL ft, » = oe ae 1033 184.4 | 31,7 21.1 4 3 5 2 62 
3 | Raised quarter-deck 58 ft., forecastle 15 ft... 853 186.5 33.5 22.0 4 65 5 OF 62 
4 | Flush with deck houses . $2 ee 839 | 1802 | 32.3 22.5 4h 5 9% 64 
5 | Poop 48 ft, forecastle 34 ft, eis 826 | 162.9 | 34.6 22.5 a 6 6 11 66 
er Ret oe | See 771 | 1804 |° 33.6 20.8 4 0 5 Of 61 
7 | Raised quarter-deck 59 ft., forecastle, 23 ft. 744 186.4 32.4 20.8 4 9 4 11 59 
8 pa a ae 738 | 186.0 | 30.5 20.8 4 4 5 63 
9 | Poop 68ft... 721 175.0 | 32.0 21.0 4 8 5’ 61 
10 | Flush with deck houses... 699 | 170.0 | 303 19.3 4 6 5 OF .70 
11 | Poop 45 {t,, forecastle 34 ft. 698 | 182.0 | 310 19.0 4 0 4 8 65 
12 » 50 ft, mi 29 ft. 642 151.0 | 318 20.7 5 0 5 4 64 
13 | Flush with deck - 489 | 1482 | 29.6 17.7 ia 4 3 63 
aps SS) Se a a 476 | 138.0 | 29,0 18.7 4 9 4 6 63 
15 o 15 ft, forecastle 17 ft. ... i 469 141.0 29.5 17.9 4 5 4 33 .63 
16 | Raised q 30 ft., forecastle 30 ft. 468 146.3 | 29.0 18.4 3 10} 4 3 .60 
17 | Break 15 tons NEN! ie.) gti 449 | 140.9 | 27.0 182 SS 4 6 65 

18 | Poop 25 ft... ... see 438 | 145.6 | 30.1 16.5 3 0 4 2% a 
19 | Raised quarter-deck 30 ft. 406 | 137.0 | 27.9 17.2 3 41 62 
20 ee e Sees .-\.0@ an i oe’ - cep 60 136.1 27.6 17.1 4 0 4 62 
21 ” ve a eters as, Se 131.5 | 26.5 17.9 ‘8 4 i 64 
22 ” ” — hee 381 129.0 | 28.0 17.2 ee 4 0 61 
23 " » «BO ft, 378 | 1260 | 266 16.9 21 4 % 66 
24 w te 27 ft: 378 | 129.0 | 28.1 17.3 &:.7 3 118 60 
25 ” @ 24 ft. 362 133.2 | 25.1 16.3 2 0 4 67 
26 * ae? 6° Oe 361 1305 | 27.3 17.0 3 4 3 11 .60 
27 ° ” 32tons ... 350 130,0 | 27.0 16.0 3 6 3 9 62 
28 ” “ 44 ft, 340 148.5 | 29.9 12.3 2 11 2 8 62 
SS ae 325 | 1306 | 27.2 14.1 2 11 3 3 65 
30 | Break deck 18 tons 310 | 134.3 | 263 143 2 7 3 23 6h 
31 /| F “ ose 305 lll 275 15.9 &..9 3 9 63 
32 | Break deck 11 tons 286 114 | 26.5 16.2 2 9 3 li} 65 
83 | Flush anaehitoai 304 | 1184 | 25.7 150 3 3 3 9 69 
al +984 | 1134] 261 15,7 8 6 3 7 61 




















16 in. outside and 10 in. inside; of the lengths outside the 
vessel, 15}-in. outside and 9} in. invside. The aftermost 
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in volume xv. of the Transactions, page 102, and being 
certainly the most thorough, consistent, and practical plan 
yet published —particularly by the way in which provision 
is made for the various forms and types of v —ap- 

red especially suited for a standard of comparison. 

anting precise information respecting the sheer of these 
vessels, I have been vnable to reduce the freeboards in 
accordance with the tables, but they are mostly of the 
ordinary sheer, and the few instances in which the reduc- 
tion could be claimed would not diminish the freeboard 
more than from 3 in. to 6 in. 

It will be noted there are six spar-decked and one awn- 
ing-deck t s, numbers 163 to 169. In computing 
the freeboards for these I have treated them as such be- 
cause they are so-called in Lloyd’s Register, but being a 
class of vessels that vary much in the strength of their 
upper structure the freeboards given by this method must | 
not be too rigidly relied upon, and I have no doubt Mr. 
Martell could explain and modify the discrepancies which 
ap) bad he an opportunity of seeing the vessels. 

This remark would probabl apply to some other of the 
instances given, for it is only fair to bear in mind the 
author of these tables intended them principally for re- 
ference, apparently basing the more exact apportionment 
of the height of side required on ical considerations | 
of the particular build and type of each vessel. A care- | 
fal comparison of these two columns of freeboards, viz., | 
those as marked by the disc centre and those required by ' 
Mr. Marteli’s tables, will afford an opportunity 
to all who honour them with an inspection, of 
drawing their own conclusions as to how far 
the present law has checked overloading. My 
own conclusion is that it has not, and that 
there are many instances here given of vessels 
marked with a side which a few years ago 
would have been thought by practical men in- 
adequate for safety. 

To discuss all the causes which have brought 
this about, to the custom—not to say the law 
—that appears to sanction it, might tend to 
wake up an agitation that would do well for a 
time to rest. I cannot, however, refrain from 
expressing an opinion that the present accepted 
principle of freeboard, which implies that a 
percentage of 25 to 30 per cent. spare buoy- 
ancy alone suffices for safety, is, when appiied 
to certain types of vessels, likely to favour 
deep loading. Beyond doubt spare buoyancy 
is an essential element of seaworthiness. It 
secures a certain specific gravity or relative 
lightness of ship, and in proportion to its 
amount prolongs the life of a foundering ship. But its | 
power to lift, or even to sustain, may he neutralised when 
a long vessel is unequally borne amongst waves, and her | 
movements princi governed by their vertical and 
horizontal impulse. Practical experience appears to sug- | 
gest that the pri object in sqoutionng freeboard | 





should be to secure a height of platform above the water 
sufficient to prevent the decks being swept by heavy seas, 
for when this occurs it frequently is the commencement of | 
a chapter of accidents which ends in disablement and | 
abandonment. I am well aware there are vessels of good | 
form that may be loaded down very near the water, and 
if carefully stowed and judiciously handled will pass through | 
the heaviest seas without shipping much water. This | 
would not, however, be the case with, say, the ordinar 
long flush-decked —~ steamers of eight beams’ lengt 
and over, loaded with heavy ca , the weights of which 
are most unequally distributed, and having centres of 
gravity and metacentres nobody knows where. 
In making these remarks I do not forget that the tables of 
freeboards here attached, furnish evidence of vessels load- | 
ing to a much less side than that represented by a spare 
buoyancy of 25 per cent., and that it may fairly be inferred | 
the greater number of them succeed in making their | 
Those who understand the subject will know 
experience does not justify the inference that because a 
vessel is deep she must be lost. By bringing steamers well | 
up head to sea and going dead slow with the engines they | 
may be nursed through very dirty weather, but there is 
always the risk of an insufficient freeboard bringing about 
disaster, and contributing to their loss. 








| 





ON TWIN-SHIP PROPULSION.* 
By G. C. Mackrow, Member. 

In the year 1873, when the Channel Steamship Company 
applied to the Thames Iron Works and Shipbuilding Com- 
pany to construct a steamer cn Captain Dicey’s twin-ship 
principle, we endeavoured to obtain some particulars of 
previous vessels built upon this plan, but nothing could be 
obtained but a most meagre account of the Gemini, a 
wooden vessel which had been built some thirty years ago, 
and had plied for a short time upon the Thames ; others 
had been built in Scotland, but no reliable data could be | 
obtained as to power, speed, &c. ; consequently the results | 
to be realised in the new ship were always felt by most 
concerned in her construction to be of a doubtful nature. | 

The vessel, as you are no doubt aware, has been built, | 
and I have thought the particulars of so novel a vessel, | 
with a few remarks upon some ph ec ted with | 
the movements of the of water about ber bull, | 
should have a place in the records of this Institution ; and | 
the more so when I bear in mind the fact, no system of | 
construction has perhaps been the subject of so much | 
criticism, both in the daily and scientific journals. | 
It is needless to dwell u the object Captain Dicey had 
in view in proposing type of vessel, viz., for the pur- 
pose of reducing the horrors of the Channel passage to a | 


“© Paper read at the twentieth session of the Institation 
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minimam, bat let it suffice to say that, having been a cap- 
tain in the Indian Navy, he constant opportunities of 
witnessing the behaviour of the flying proas or sailing craft 
of the Indian seas, as well as the double canoes of the 
South Pacific; which craft, in order to their carrying a 
large amount of sail, have in the first case, a pointed baulk 
of timber held at some distance from the vessel, by means 
of two spars, to act as a counterpoise when the wind tends 
to heel the vessel, as seen in the model on the table. In the 
second case, the natives build two complete canoes, and 
connect them together, and these craft skim along the 
water at a t 5 , and heel but little through the in- 
fluence of the wind. 

From this, Captain Dicey conceived the idea of two 
vessels secured side by side, the one acting as a counter- 
poise to the other, each in its turn preventing its fellow 
from rolli The question then arose as to the desira- 
bility or not of constructing two complete hulls, or two 
halves of one hull, and it was eventually decided to build 
two halves, as in the model on the table, these half hulls to 
be connected by a system of cross girders, the four engine 
and boiler-room bulkheads forming the main transverse 
girders which span the channel between the two hulls, and 
enter into the construction of the hulls from the keels to 
the upper decks, and the collision bulk at each end, 
forming similar connexions, the spaces between the bulk- 
heads or transverse girders affording the passe: cabin 
accommodation. The Castalia, named after Lady Gran- 
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| would have given a speed of 14 knots, but of whi 

| always felt doubtful, knowing that in such a type pl 
| there must needs be a larger increase of surface friction 
and other retarding influences not found in ordinary 
vessels. I was not in any way responsible for the speed or 
power of the engines, as the contract for them had been 
“Se. signed by Messrs. J. and A. Blyth, the Thames 
ron Works being contractors for the construction of the 
hull only. There are two pair of diagonal direct-actine 
engines, one pair in each hull or half hull, with cylinders 
46} in. diameter, and having a stroke of 4 ft. 6 in. 

The paddle-wheels were common, 22 ft. diameter over the 
floats, and the floats 20 in number, 10 ft. long and 2 ft. 3 in. 
wide, with a dip of 3 ft. 8in. 

The boilers, as originally designed, were 6 ft. in diameter 
and 14ft. long, common straight-away boilers, with one 
furnace in each, and eight boilers in all, namely four pairs. 
This arrangement was subsequently altered, at the sug- 
a een of the company’s consulting engineer, to four 

ilers, 7 ft. diameter and 6ft. long, with return tubes 
and three furnaces in each. With this arrangement pro- 
bably not more than 9 knots speed was obtained, as the 
boilers primed so badly that the engines could not be 
worked i their full power, though many eminent men 
the late Mr. John Penn among the number, did their best 
to obviate the priming, and eventually a contract was 
made by the Channel Steamship Company with Messrs. 
Manudslay, Son, and Field for new boilers and paddle- 
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ville, was eventually thus built, and the plans and model I 
have the pleasure to submit to you. 

La is Douvres, a second vessel, has since been con- 
structed with two complete hulls, without any advantage, 
it would appear, being derived from this system as regards 
speed, her coefficient of performance being much ns 
than that of the Castalia, but having the disadvan- 
tage of throwing the extremities of the hulls some 18 ft. 
further apart, thereby asking for additional material to 
make the end girders of equal strength, or with the same 
material to have less strength. 


Dimensions of “* Castalia.” 


ft. in. 
Length, extreme ... 290 0 
Breadth of each hull éeo 17 0 
Distance between the hulls 26 0 
Draught of water as designed 6 6 
Area of section of both hulls... «- 209.5 0 
Superstructure 168 ft. long, 60 ft. broad, 8 ft. high, 


affording a ~ romenade at a height 
of 14ft. above the water line. 

The power of the engines as originally designed was 

250 indicated horses, which it was hoped by the promoters 


wheels with patent floats ; these boilers, four in number 
were 12 ft. diameter, 10 ft. 2 in. long, and the new wheels 
were 21 ft. diameter over floats, which were 9 ft. long and 
3 ft. 6in. wide, with 4ft. 3in. dip. This extra weight 
increased her draught to 7ft., and the results of the measured 
mile trials gave a mean speed of 10.955 knots, with 
an indicated power of 1516 horses, and a total area of mid- 
ship section of 232 square feet, giving as her co-efficient of 
performance 200 on midship section and 100 on displace- 
ment, the lowest I had ever noted ; and it is to seek for 
some explanation of the cause of this excessive waste of 


r er that I invite the discussion of the members of this 


nstitution. : 

Mr. Froude, in his valuable paper, read here in the 
session of 1877, on the effect produced on the wave-making 
1esistance of ships by length of middle body, has thrown 
some light upon the subject, and as the Castalia had of 
necessity a long parallel middle body, in order to provide 
sufficient displacement her bow-wave dies away before the 
ran is reached, and so the benefit is lost of its power of 
propulsion. Up to the time of Mr. Froude’s experi- 
ments being made public it had been generally accepted 








as a theory, that once a c had been formed 
!to the extent of the largest area of section, the power 
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needed to propel a vessel with a given length of parallel 
middle body was comparatively small, amounting to 
merely that requisite to overcome the increased skin- 
friction. There can, however, be no question that the 
bow-waves when formed, falling in under the run of the 
vessel, very materially assist in her propulsion. There 
was, however, a very unlooked-for phenomenon noticeable 
the first day the Castalia steamed in the Victoria Docks, 
and to which I must draw your attention, as showing 
how mistaken are our thoughts oftentimes of what we 
have not actually proved. It was stated, I believe, by 
Mr. Reed and Mr. Merrifield, when the subject of twin 
ships was under discussion, that they believed the water 
would be carried away by the wheels from the channel 
between the two hulls faster than it would flow in, and 
consequently there would be a hollow formed just before 
the wheels ; evidently assuming that the water would flow 
in at one end of the channel as it was driven out at the 
other, and this no doubt was a very natural assumption, 
but one that proved to be wholly fallacious, as I propose to 
show. 

Upon the day of the Castalia first steaming in the Victoria 
Docks, her bows were placed against a jetty on the north 
shore and the wheels set in motion, when a very strong 
current of water was sent across the whole breadth of the 
dock, a distance of some 400 yards, setting the vessels 
rolling over on the south shore; and such was the strength 
of the current formed that the dock tug was unable to tow 
a vessel across it, and the Castalia engines had to be 
stopped in consequence. Now, any one witnessing the sight 
of this stream of white foam, flying like a millstream from 
the after part of the wheels across the docks, would very 








but granting this to be the case the vessel does not advance 
at be ono rate ry the wheels remove heed py “A their 
revolutions, say 20 per minu ve & 8 ft. 
second, Se Jee Eiri aatt deli be cictating only ah 
rate of 18 ft. per second. The deductions I believe, then. 
we may draw from these facts are, that the particles of 
water that rush to supply those displaced by the revolu- 
tions of the wheels, come across under the hulls of the 
vessel from the outside in a partly athwart-ship direction, 
and thus create a considerable augmentation of resist- 
ance. 

It may perhaps be thought by some that this is not a 
correct assumption. It appears to me, however, that 
seeing the water does not flow in from. before, and that it 
cannot clearly flow in from behind, there remains but the 
sides as the only way of —- the water sinking down 
from the surface to fill up the vacant space. Another pheno- 
menon noticed upon a later occasion, namely, some sawdust 
thrown down into the wheels, was found coming up from 
under the bottom on the outside of the hulls, clearly show- 
ing that the water, being confined between the hulls and 
compressed by the action of the descending floats, was 
carried down to the bottom of the hulls, where it was 
allowed to expand, and so was eventually carried across to 
the outer sides of the hulls, and then arose to the surface of 
the water, thus giving us a further clue to the enormously 
augmented resistance in this class of vessel. Were the 
wheels placed on the outside these two objectionable 
features would doubtless disappear. 

This RH would not, however, be ome without a 


few wo ing said upon the steezing qualities, as it was 


thought by many competent to judge of such matters that 



































naturally expect to find a current of water flowing in at 
the other end and eddying round the stems from the outside 
of the vessel ; to my astonishment, however, when I looked 
down between the hulls at the fore part, I found chips of 
wood floating perfectly motionless on the surface of the 
water, and Tealled Captain Dicey’s attention to it. We 
at first thought the engines must have stopped; we ran 
aft, however, and found they were still working, but we had 
no means of seeing that day what was taking place nearer 
the wheels. Before the next day of steaming we got a boat 
between the hulls, and Captain Dicey, myself, and the 
chief officer, with a few others got into her, not without 
some fears having been expressed on the part of some that 
the head-fast of the boat was not strong enough to hold us 
against the current which it was believed we should find as 
we neared the wheels, and certainly as we neared them 
we ~ rere, to be approaching a sort of miniature Niagara 


The sequel srores, however, that there was not the 
slightest ground for fear, for while the engines .were going 
full speed and the water was driven at the rate say of 20 ft. 
per second from the after part of the wheel, on the fore 
side up to the very point at which it was struck by the float, 
the water was all but motionless; a piece of batten was 
floated up to within an inch of the float and returned to us, 
was again thrust towards the wheel, was struck by the float, 
and instantly disappeared. Now that the facts are stated, 
Ihave no doubt the members of this Institution will at 
once see that this is what we ought to have expected, for as 
the paddle-wheels scoop out the water a depth varying from 
0 at the surface to 3 ft. 8 in. at the extreme dip of the float, 
so the particles of water from below thrust ‘shemselves 
upwards ata velocity due to the pressures at the various 
depths, say from 0 Ib. at the surface to 228 lb. per square 
foot at the lowest depth. It may, however, occur to the 
minds of some that these features of the case are materially 
altered when the vessel is under way, as in that case the 
wheels are advancing into the body of water before them ; 




















Dimensions of “‘ Calais Dowvres.” 


ft. in. 
Length, extreme ob ese 300 0 
‘Breadth  ,, oe pes «- 62 0 
Breadth of each hull... oh ae ae 
Distance between hulls des ia 25 6 
Draught of water... ae ae 6 7% 
Area of sections ee 230 sq. ft. 

linders 63 in. 


diagonal, direct-acting, with 
diameter, 6 ft. stroke. Wheels, 24 ft. diameter, over 
—_ _ Floats (feathering), ten in number, 10 ft. 6 in. by- 
. 9 in. 

Boilers four in number, 15 ft. diameter, 19 ft. long, 
fired from each end through three furnaces. Indicated 
horse power, on trial, 4270. Speed (mean), 14 knots. Co- 
efficient on section, 148 


APPENDIX A, 
Extract of a Letter to the Times, October 5th, 1875. 

‘* Until Tuesday last I had not been fortunate enough to 
be on board during any weather that would enable me to 
form a judgment of her behaviour in a heavy sea. Leaving 
Dover, however, on the morning of that day, we en- 
countered a strong gale from the south-west, which 
‘ abeam’ tested her rolling qualities very fairly, if the term 
‘rolling’ can be applied to her movements. For, strictly 
speaking, she does not roll, but as each wave passes, the 
windward hull lifts to it and falls again, the wave ing 
across the space between the hulls to lift in turn the lee- 
ward hall, but not to set up a roll, for if it were possible to 
stop the next wave from passing she would remain motion- 
less, whereas in any single-hulled vessel the oscillation set 

















she would not be found to answer her helm very satis- 
factorily. It was with some anxiety, therefore, that we at 
first cast off the Victoria Dock tug in that crowded part of 
the river opposite the dock entrance, and put her under her 
own helm. A few minutes were sufficient to show us that 
she was wonderfully under control. I noticed, however, 
later on that she did not appear to pay any attention to 
her helm, even though in motion, until.the stream of 
water from the wheels had reached the rudder, when the 
effect was most marked. That is to say, I have frequently 
noticed that when she had some way-on her, the engines 
being stopped, that she paid no to her helm, but as 
soon as the engines were s' , and the water rushed 
past the rudder, she obeyed her helm instantly; in fact, 
she has been so perfectly under control at all times that 
she is put alongside the piers at Dover and Calais with 
perfect ease. I showa plan of the rudders (Figs. 4 to 9), to 
which I gave icular attention, so many misgivings u 
the subject of her steering having been expressed. They 
work, yoked together upon the Rapston slide principle, by 
means of a Brotherhood’s engine and endless chain, one 
man being ample to work both rudders. Hand-steering gear 
is also provided in a view of a possible failure of the engines. 
I conclude by adding my own experience of her be- 
haviour embodied in a letter I wrote to the Times in 
October, 1875, which I need not trespass on your time to 
read, but which I a d with an outline specification 
giving her main scan » which will be found to be com- 
—t light, but have proved to have been amply esuf- 
cient. should, however, not recommend any reduction 
in the scantlings for a similar vessel, unless built of steel 
and good material, and careful workmanship: must of 
necessity be employed. , 
ot... also a few particulars of the Calais Douvres 
from the —_ papers, and I cannot give 
more, though application was made to her builders through 
Captain Dicey. I have no doubt, however, that as far as 
they go they are correct. 





up would continue for some length of time, and she wouli 
gradually come to a state of rest, and it is the above 
ma, 4 that gives its chief value to this form of vessel. 
ese movements of necessity cause an alteration in the 
horizontal deck platform, but not more than 34 . on the 
above occasion, and it was the opinion of her able com- 
mander, Captain Pittock, that no weather she was likely 
to encounter on this station would give more than 5 deg. 
of inclination, the pene steamers rolling 14 deg. to 
15 deg. With regard to pitching and scending, I may add 
that while at Calais on the above-mentioned day the wind 
veered round to the north-west, and so on the return 
pacsage we had a strong sea ahead, into which the mail 
steamer was pitching, taking in the water through her 
hawser pipes and over her bows, sending it forth in white 
sheets over her waterways, while on the Castalia’s low 
deck forward might be seen at work an engineer, repairing 
a damaged float nearly the whole of her passage, her oscil- 
lation in a fore and aft line not exceeding 24 deg. 
_ “From the above remarks it is evident that so far as form 
is concerned, Captain Dicey has hit upon the right type of 
vessel for reducing the horrors of the middle passage to a 
minimum. It may, however, be fresh in the mem of 
your readers that various objections were raised some three 
years ago, when first this proposition was brought before 
the public? they were summed up ina letter to you, if I mis- 
take not, by Mr. E. J. Reed, M.P., and reduced to five in 
number, which were as follows: First, plan objectionable, 
as involving too great draught of water. Second, y 
in connecting two hulls together. Third and fourth, — 


vessels yoked together unfavourable for high ; 
fifth, the unusual breadth unadapted to the bour of 
Calais. With to the first objection 1 have only to 


add that the ia complete with all stores, coal, &c., 
on board, is drawing 7 ft. of water, about the same as the 
mail boat on that station. With d to the second, I 
need scarcely say that this of design received our 
first and most careful consideration, and was farther sub- 






































































PE ee 


2 STnrusrewior:s 





ENGINEERING. 





[Aprit 18, 1879. 











PRICH LIST OF MATHRIALS. 











































































Tuurspay, Aprit 17, 1879. 























Inox, Waevent — i ae ae Greet Oastines—continued «. 4 8. Prron cwt.)— 8B a 8. 4d. 
METALS. Bares AE TS |e eeen British... EA? Sap 
a £ & BOSE isuinrmc. 9 27° § OO crane wheels, engine Archangel ... Sr ae 
AyTimonY Ons (per ton) 10 © 1 © 37. 3% BES, BO. vevrervivrses 4 8 30 0 PLUMBAGO (per cwt.)— 
Regulus (6tOr) csc 46 20 | 47 10 Se €¢ Tumbler bars and other Ceylon lump........ m 6 1 
Baass (per lb.) — é& & @ «& 5 0 2. castings for dredging » chips , ms. 6 +4 ™ 
Shoots, 48.24 ........nse-- o we 8 $3 ° 6 6§ 8 PULPOBEB. risen 8 0 26 © Bie ptanttedtin, it Le 
Yellow metal ............. 6 6 ° 67 7 © H 15 Swepish Iron (F.0.b) at RAILWAY ‘GREASE (per 
Castinas TrN& AND CLEVELAND | 5 Gottenburg (perton)- £ 8. £ &. Cwt.)—B08e'S ...000..0:, 28 0 006 © 
(per ton) es £22 é 5 H ~ _ § © 5 10 Pritchard, Offer and Co.'s 
GIBOIID « .csccincescccccscccccese ° 5 8 md 8 “9 @ 0 9 concentrated .......... 60 © of 06 
1s 4 0 ev ® se “m2 © 4 © R ® 
15 5 0 9 10 ro ESIN (per CWt)...4....s0000200) a ee 
7 10 .-. Straits 6 16 70 © TALLOW (per cwt. 
“ 48 10 beget pts sacra Fi ; ; : Billiton Pt NE “gol es ae = <a ebssdosocnesnsd ~ © © o 
a 2 » Ddoller plates,S.W. 9 o 2 o nT aaa PR - aw rl gar ee 
ie eb » hoops, BW. 8 © 8 10 English bars... ae Las 3 Australian beef ..... 32 © 33 0 
oe Se «(| tenn th en English refined. ae oe re 34 © 35 © 
Bo’ LA OUR Te te Soft Hah PH .....sc0ce0: 14 10) «tg OS AUSHALIAN .ersimrinnee 69 10 JO 0 oD eats ail 33 B= a9 
1n08 Ones (per ton)— . @ # a 5% Oo t§ Ito Tin PLATES (per box) — so &@ ww &@ Rough, English ........... 12 0 5 : 
Red hematite, British 11 0 %% © 4 6 % 5 LO. charcoal... “« 2 © 2 O Tar—Stockholm (per barl.) 
” » Ppabiling 14 © 16 © - weed natitadiaiiediins 1X.» a9 0 32 © itis.) 
{non Pra (per ton) — PaospHer Bronte — 1-0. coke... 13 0 ar o TURPENTINS - Spirit— “ ie 
Darvon tre. « . 62 6 6§ © (POF TOM) ....cecececceee 105 0 125 0 LX. » ~- 2 0 28 o American (casks) ..........22 0 22 3 
a“ oR se peonten 66 6g Reka. 8 ae kt en awe) we ss 
F z 0 Scgap (per ton) - 
’ ~ ¢ : Gla ‘valle foe re-anne Win oon Gn mee » 3 «683 «CO aitiia: CHEMICALS, &c. 
” mum 23 9 e SRGUNED cccrvesrtrcercncecnee @ © 5 0 . erap vani 70 100619 «(0 ‘Aquatortis (per Ib.) . < 8. d, 
‘ oi mes i 6 oe * ; BP ID.)...s000- °° 
Cte quatilleti cee os 0 ge 0 | SPEUTER (per tom) COALS AND COKE. ERO 
Welsh (South Wales)...... 72 0 8 o ’ Oy .wnecie a. eS. s OOALS (per ton) — . &@ ow tyr at ae a pe, 2 
» (North Wales) ... 60 © 75 © SPreGeLRIsEN (per ton)— neg comcccstecerccrorones 9 @ 8E © AMMONIA —Muriate (per £ 5. £ 45. 
TOD ascrcmessesrcmcnco sce @ © to (6 BOM) rcerrccccrssccescrsccccceceres 99 © ° 
No. 1. No. 3 TIERS .ccncsrnconssclbescesistionss’ @ ° @ °° Derbyshire 3 ARSENIO—~ a 35 
Scotch Pig — .u a 4&4 Commea...... $3 0 $ 20 a epee } ° to 6 White, lump (per ewt.) B. d, 8. 4d. 
G.m.b., at Glasgow....... 43 6 42 © STEEL (per ton)— Newcastleand Durham... 8 $ eS ' 4 ra ) os 4 6 = 
Gartsherrie wc. ss 47 6 43 6 Best cast ate Scotch ~ i. BLEACHING powder per cwt. = 
Ool tree Ree er 4s 0 = gemma 34 5 ° ear —enpanewenes Z . Io (lo anaes oan S: 9 6 0 
Summerlee sae o 43 °«0 ” single - Oo . 2 Welsh ie = BRIMSTONE (per = ) . ee 
Langioan .. 6) 4.2 English epring.......... 14 0 22 © Yorkshire ....... Haws Rough a Bs 
Oarnbroe .. ® a (6 Bune Peccccccesceces *4 : ° Gums ° ze) 6(O 5 10 6 o 
Monkland NC 6 42 ° PPrerttt tt ttt tt it re) oo °o o 13 10 
~ IS. atmennsetunen 28 10 3° «© SPEND icikcmcescscnccee G © 9 0° 10 9 © 
Clyde .......+0+- oo. gf 6 20200 Bessemer raiis. ‘ Durham ‘ 
Govan, at Broomielaw ... 43 6 42 © peared é 9 FH eenenees 2 a2 2 a § 
Calder, at Port Dandas... 48 o 43 6 . = 4 15 ao 
Glengarnock, at Ar- - . 2 9 5 OILS, GREASE, & LUBRICATORS. -. 
Sees -..--- wee 46 0 43 © AMS tae RK Phi si ’ -—- OILs (per tun) — eS ae ma ey pe (per cwt.) 
tom, GittO........0c008 42 6 -— -_ b F ¥ “ ce , Des 22 0 26 o 
eetineee atc $k S| | Mecano ea SS eS ears 
Oarron, atGrangemouth 60 ©° 57 6 the rough not to ex- Sperm body . do .6'\l@s te wee 5 oO 17 oO 
Ditto, specially selected 65 o _ coed 6 ft. in length, s. 4d — hale, pale .... 29 © 30 30 TCO cecvcccccccccsccccscscce 19 Oo 20 Oo 
Shotts, at Leith .....000658 49 0 45 © eho 9 ia Sa » -yellow..... xe a LITHARGE (Per CWt.) were 19 © 25 0 
Kinnell,at Bo'ness .....0:. == - ate. © 6-2 © Sl cenmeatiedin a.m fo PoTAsH—Bichromate (per 
(The above all deliverable alongside). Pinions and cog-wheels ... ho o 23 ° GEOG cis ittyece-tiisnsmineess 98 6 37 ° TD.) seersecsscensseseersees wee OO 4 o 4 
se 4. es 4 Hammer tups, faces, PsTROLEUM — s 4 s. 4 SALTPETRE (per cwt.) 
meg wt ss 0 8 o swages, s cwt. and Fine (per gallon).......... 0 8% o 9 English refined, kegs .., 21 © 22 o 
North Staffordshire ...... a 2 Ss BDOVO niccrerserrerserserere BO @ 84 O COAL oil, refined ....... a Bombay be © © o 
South ahs F a ils ali 60 0 75 © Holders-up for rivetting ne om me it 7 9 Bengal < @ « 
Yorkshire Thornaby pig. 60 o 6s 0 machines, &c., 1} to 5 RaNnGoon engine oil ......... 2 3 3 0 6 = @ 
Ridsdale Nos. land2 ... 90 © 100 © CWE. rerccreceerccrsereeeserse 25 o 26 0 LINSEED Oil ....-s+seeecersene 95 6 26 0 10 3 15 














= 





mitted to that thoroughly practical body, Messrs. Lloyd’s, 
receiving their fullest investigation, and special survey of 
the vessel while building by their most eminent officers, 
and from all that we can discover from the time of launch- 
ing (a severe test in itself) to the present time, after a most 
careful inspection during and after the — of Monda 
and Tuesday last, not the slightest trace of want of stre 
is discernible, not a single rivet or bolt of deck or water- 
ways can be found, showing signs of straining ; and this, 
coupled with the total absence of all vibration so common 
to s' ers, may fully justify the conclusion that the second 
objection has been met. With regard to the third and fourth 
however, we are obliged to yield, her coefficient of perform-’ 
ance being a very low one, as the same power applied to 
an ordinary vessel would have propelled her at a speed of 
14 knots. The placing of the propellers in a projected 
vessel is consequently giving us some difficulty, as the 
limited draught precludes the adoption of screws, and the 
extra breadth involved in placing the wheels outside is 
objectionable for several reasons, but not so much on the 
and of any difficulty in entering Calais Harbour, the 
fest of the series of jeoti raised by Mr. Reed, as the 
pled with the a ital po emg Dayar 
cou wi resistance she possesses, 
of the greatest advantage to her upon such occasions. 
t had, however, been felt by many naval officers, Lord 
Clarence Paget among the number, that she would be 
severely tested when strong easterly or westerly gales pre- 
vailed ; her great height ont of water presenting 80 
e an area to their influence, it was f after havin 
entered the harbour she might be driven to leoward, 
and thus thrown across the entrance. Of this, however, 
from the above qualities being possessed by her, it is now 
confidently felt there is not the slightest danger.” 
Apprnprx B. 


Outline Specification, 

The hull to be constructed on the ‘ongitudinal and trans- 
verse system, the plates to be ae bearing a tensile 
strain of 21 tons lengthways, 18 tons crossways. Each 
hull to be divided into water-tight compartments by means 
of eight bulkheads in each, the four central ones to run up 
to the height of saloon deck, and to be carried across the 
whole breadth of the su and supported by 
partial bulkheads, thus forming a system of transverse 


ht iron 6 in. b: in. 
iron 4$ in. by 3 in. by ,4 in.=2 ft. 


Reverse Frames.—Of angle iron 2¢ in. by 2} in. by ,4 in. 


Stems.—Of 
Frames.—Of 





Longitudinal Frames.—Of plate iron 24in. deep and 
5; in. thick. Angle irons on upper and lower edges 2} in. 
by 24 in. by 7, in. 

Floors.— Of plate 4% in. thick and 26 in. deep. 

Beams. —Of angle iron 6 in. by 4in. by $m. on alter 
nate frames. 

Stringers. — Of plate iron 36 in. wide, fin. thick. 
Angle iron 3 in. by 3 in. by,# in. Lower deck, ditto of angle 
iron 3 in. by 2 in. by y% im. and plate ¢ in. thick. 

Deck Ties.—On main deck 30 in. wide and 44 in. thick. 

Iron'Deck.—On top of superstructure 7; in. thick, worked, 
jump DC wows with edge and butt strips. 

Bu ds.— Placed where shown on plans, of plate 44 in. 
thick, ar by angle irons 24 in. by 2} in. by yy in. 
placed 2 ft. 6 in. . 


apart. 

Hull Plating. —The strakes under first longitudinal 

in. thick, the other strakes up to main deck,%; in., as also 

e upper strake of superstructure ; the in. 

Girder for Plummer Blocks.—To be formed of plate and 
angle irons as per sketch, and to be sufficiently strong to 
uy the two outer ends of paddle shaft. 

ood Decks.—Of pine 6 in. by yt 

Ceiling of Hold.—Of elm 2} in. thick. Room and space 
battens of pitch pine 14 in. thick above this. 

Boats. — Six in number, viz., four 25 ft. cutter lifeboats, 
one 14 ft. dingy, one 20 ft. cutter. 

Anchors and Chains.—Four bower anchors, Martin’s 
patent, 15} cwt. each, and 300 fathoms of 1, in. chain 


cable. 
Life Rafis.—Two in number, of plate iron, formed of a 
ir of rectangular tubes lashed a em ae two 
cork. 


pair 
others on Captain Dicey’s of wood 
Sundries.—Awnings, — 





FOREIGN AND COLONIAL NOTES, 
Water Supply of South Australia.— Mr. Oswald 
Brown, hydraulic engineer for South A ia, has been 
engaged in maturing senensee Der the upely water to 
i badly i or or altogether 


Laas 
completed ina few days. The sum of ‘47,0001. is being 


spent on a reservoir a 





work is to be finished in November, 1879. A covered 
service reservoir is being made on the North Park lands, 
Adelaide, for the supply of the port, Semaphore, and other 
outlying districts. his work, which will cost 14,2201., is 
in active progress, and will be completed by the middle of 
February, 1880. When itis finished, the districts men- 
tioned will be supplied solely from thistank, and the city 
mains will be relieved during the daytime from the great 
draught at present made upon them by the lower districts 
During the past year 20,0001. has been spent upon the- 
laying down of mains in the suburban districts, the exten- 
sion of the water supply to which has been the chief cause 
of the low pressure of water at mt experienced in many 
places. water works authorised by the South Aus- 
tralian Parliament last session cu0—Deatie, 97501. ; 
Mitcham, 13,0681.; and Glenelg, 30,580/. The sum of 
20,0007. has also been provided in the Loan Act for water 
works at Mount Gambier, but a special Bill authorising 
the construction of the work and the levying of rates will 
probably be before the scheme is brought into 
operation. projects at present under consideration 
include water sup for Kooringa, Gawler, Mount 
Gambier, Quorn, and Glen Osmond. 


Steel Rails in France.—A contract for steel rails has been 
let at Paris at 71. per ton delivered. 


Portuguese Iron Ores.—At the Paris Exhibition a Portu- 
wd mining company, recently o i by French and 

nglish capitalists, exhibited iron ores of remarkable 
purity. The deposits are situated in the b: geogeee of 
Alemtejo on the South Western Railway, 60 miles from the 
port of Barreiro. This line has been purchased by the 
comenn , and the Portuguese Government is now construct- 
ing epi and piers suitable for loading eea-going vessels. 
The beds are from 45 ft. to 60 ft. thick, in the vicinity of 
a large body of granite. The ores are both red and oolitic, 
the former being mixed with silicious and calcareous 
gangue. 

Rolling Stock on the Union Pacific Railroad.—The 


equipment now consists of 172 locomotives, 166 r, 
, and sleeping cars, and 3326 freight cars, of 

which are stated to be in good order. 
American Bridge Bwilding.—Messrs. H. 8. Hopkins 


and Co., St. Louis, are a 200-ft. span combination 
bridge for the Little Rock and Fort Smith Railway. They 


road, and they are putting in the foundations and 
for the Red Hiver Bridge, St. Louis, Iron Mountain, and 
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THE BOURBOULE AND ROYAT 
MINERAL WATERS. 
Puy-DE-DéME, FRANCE. 

Tue central portion of France affords special 
interest to the geologist, and in no part of 
Europe can the phenomena relating to volcanic 
action be more completely studied than in the neigh- 
bourhood of the high Puy-de-Démesummit. In the 
comparatively small space covered by the Chaine 
des Puys are to be found characteristic illustrations 
of almost every eruptive age, from the oldest basalt 
to the modern lava and ash. Although the pre- 
historic craters that support on either side the high 
and majestic Puy-de-Dome have long been extinct, 
their outline is still as perfect as when they last ceased 
to vomit clouds of ash and flowing lava. In some 
cases, where ash and gas were alone projected into 

, the circular form of the crater is complete; 
in others, where the lava had to — for itself a 
assage before spreading over the surrounding 
Fountry, the side of the hollow basin is torn open to 








make way for the.liquid mass. In every case it is 
hard to realise that an unknown number of centuries 
have elapsed, since the scene was changed from one 
of violence and noise to the quiet that the inhabi- 
tants of this fertile district now enjoy. 

At no great distance from these modern craters 
beds of different aged basalts can be distinctly traced, 
often divided from each other by strata of fossil lime- 
stone and other deposits belonging to the tertiary 
epoch. The celebrated hill of Gergovia is a remark- 
able instance of this phenomenon. Nor are traces 
of volcanic action limited to the immediate neigh- 
bourhood of the Puy-de-Déme, for volcanic rocks 
are found throughout the greater portion of 
the mountainous district that extends beyond 
the Mont Dore to the Cantal. But having to 
limit ourselves to our subject, we must refer our 
readers to Pollet-Scrope’s and Lecoq’s admirable de- 
scriptions of the geological formations of central 
France. 

Although the general outline of this district has 
been influenced mostly by a great variety of volcanic 
eruptions, the deposits that owe their origin to 
mineral waters have, in many cases, been the means 
of causing considerable changes in the local aspect 
of many parts of the district. In reality the appear- 
ance of these mineral springs is but a last and depart- 
ing sign of the inward eruptive power ; and it must 
be remembered that what we see of these waters 
now is but a faint remnant of what they must have 
been at the end of the last geological epoch. There 
can be, further, no doubt that an intimate connexion 
exists between the position of the fractures through 
which the mineral waters find their way, and the 
physical outline of the country’s surface. We have 
to look for them in the most disturbed and tor- 
mented ground, or in the lowest portions of deep 
valleys—and it is well known that a geological frac- 
ture is often the original cause of avalley. The high 
temperature of the waters, as well as the dissolved 
substances they bring to surface from depths un- 
known, plainly show that their origin is in no way 
connected with the immediate subsoil. In former 
days the mineral springs of Auvergne were doubtless 
more numerous, and the abundance of the water 
brought to the surface far greater, but still this sign 
of eruptive influence is at present by no meansarare 
cccurrence. Probably no country in Europe can 
boast of possessing the number and variety of 
mine springs that are known to exist in 
central France, M. Henri Lecogq, the distinguished 
and much regretted geologist of Clermont Ferraud, 


published in 1865 says that, to his knowledge, their 
number is at least 500. In the Department of the 
Puy-de-Déme alone, the number of distinct springs ex- 
ceeds 200. The most noted establishments are those 
of La Bourboule, Royat, Mont Dore, St. Nestaire, 
Chatelguyon, &c., but we shall limit ourselves in the 
present article to a few words on the two first, for 
they are by far the most frequented and, for many 
reasons, the most interesting of the district. We 
may add, asa general feature, that in most cases 
the substances contained in these mineral waters are 
bicarbonates. The amount of saline matter dissolved 
in the mineral waters of Auvergne is considered by 
tan & average 3.63 grains to the litre of liquid. 
La Bourboule was but a few years ago a small and 
comfortless village, where to benefit by the use of 
its marvellous waters invalids had to put up with 
very indifferent accommodation. The interesting 
discoveries we are about to allude to have made the 
greatest change imaginable in the appearance and 
welfare of La Bourboule, now a prosperous and 





rising place. It is situated in a small valley, through 
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which flows the Dordogne river, that takes its source 
at no great distance. Its height above the sea’s level 
is 854m. A railway, to be opened next year, with 
the view of establishing direct communication be- 
tween Lyons and Bordeaux, passes at 6 kilometres 
from the mineral waters, and a station is prepared 
for the convenience of the numerous summer 
visitors. 

. The central portion of the valley is flat and entirely 
com of trachytic tufa, Un either side itis limited 
by abrupt granite formations, so that the general 
appearance is that of a lake where the volcanic sub- 
stance may be considered to have taken the place of 
water. The granite in the immediate neighbour- 
hood of the village is extremely regular and abrupt, 
and has all the appearance of being the foot wall of 
a fault, directed north 30 deg. east,and dipping to- 
wards the valley at an angle of 47 deg. For many 
years hot mineral water had been known to ooze 
from the granite, near its contact with the trachytic 





rock, and although it had been analysed and its 
medicinal pro recognised as most valuable, 
the small amount of water, calculated in all not to 
exceed 40 litres per minute, was a serious hindrance 
a = a of the place. ay: question 
of the origin of the springs was very t hl 

discussed with the view ob-asasalili g red Renn. water, 
and geologists’ attention was very naturally attracted 
by the regularity of the granite wall above alluded 
to. They considered, with every reason, that if in 
reality a fault, it was probable that the water was 
—— to surface by its means. The hanging wall 
of the fracture having sunk into the value ana 
being now covered over by the volcanic rock, it was 
impossible to tell at what depth the water actually 
left the granite to come in contact with the trachyte 
and work its way to the surface as it best could. 
As the dip of the wall was towards the valley, it was 
decided to sink a vertical shaft in the tufa, calculated 
to meet the granite at a depth of 60m. to 80 m. 
The Perritre shaft was commenced in 1868, and 
sunk to a depth of 53 m., where the water 
met with was so abundant and its temperature so 
high that the work could no longer be continued. 
In 1876 the depth was increased by means of boring 
instruments to 75.73 m. as shown in the accompany- 
ing section. The granite was attained, and the 
amount of water increased to 388 litres per minute, 
The temperature of the small and scattered amount 
of water that oozed formerly from the granite at 
surface was from 105 deg. to 110 Fahr., whereas 
it was now found not only in comparative abun- 
dance, but also at the very high temperature of 
140 deg. The chemical analysis of the newly dis- 
covered waters was found to give similar results 
to that already known, but the former scanty 
springs disappeared as the water was taken from 
the Perritre shaft. The scientific prediction 
had thus proved true, and the help of geology had 
once more been of the greatest practical value. The 
subsequent researches only added fresh proof to the 
supposition that the Perrigre boring had attained 
the immediate neighbourhood of the fracture; or 
rather that the granite hanging wall of the fault 
was to be found at this depth. The respective posi- 
tions and depths of the numerous shafts that: have 
since been sunk are shown in the accompanying 
section, whereas the amount of water obtained from 
each of these works as well as the temperature in each 
case will be understood by the following Table: 

















A a a f |T 
mount o' ‘emperature/Temperature 
Name of Shaft. | ‘Water per | at Surface. | at Bottom. 
Minute. 
litres. deg. Cent. | deg. Cent. 
Perriére ... 388 55 ” 60 
Sedaiges 94 45 59 
La Plage 13 81 58 
Fenestre... ‘i 99 19 55 
Pints Central ... 45 40 54 











The following chemical results, arrived at by 
Messrs. Jules Lefort and J. Bonis, of the Paris 
Academy of Medicine, are also eloquent in showing 
the importance that must be attached to the Perriére 





boring : 


ANALYSIS OF WATER FROM THE PERRIERE SPRING.—ReEporT oF M. Poaaraz. 

















Spring. Perriére. Sedaiges. | La Plage. Fenestre. 
g. A g. g. 
Metallic arsenic, or 0.00705 0.60689 0.00193 0.00096 
Arsenic acid, or ... 0.01081 0.01054 0.00295 0.00147 
Arsenate of soda ... 0.02847 0.02776 0.00776 0.00385 
gr. gr. gr. 
Free carbonic acid 0.0518 0.1662 0.2660 0.0336 
Chloride of sodium ‘ 2.8406 2.6102 1.7011 0.1626 
ow, tassium ... 0.1623 0.1427 0.1235 0.0129 
ie ithium indique indique ——— indique 
- magnesium ... 0. 0.0243 0.01 Pe 
Bicarbonate of soda _... 2.8920 2.1106 1.6265 0.5802 
‘ lime 0.1905 0.1501 0.1390 rene 
+. magnesia =" 9 .0115 
$9 protoxide of iron z 4 9 0.0125 
Sulphate of soda ... oe a 0.2084 0.1780 0.1231 0.0218 
Peroxide of iron ... R a 0.0018 rae td teil 
Oxide of esia indices indices indices indices 
Silica —~% ae 0.1200 0.1170 0.1000 0.0796 
Alumina ... sie indices indices indices indices 
Organic matters ... ” ” ” ” 
6.4997 5.5009 4.0979 0.9413 





in his work on the mineral waters of this district, 
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Although what is known of the portion A A (see 
Fig. 2) indicates rather a formation of loose granite 
blocks and felspar grit than the solid granite rock, 
it is probable that La Plage and Fenestre shafts, if 
sunk a little deeper, would very soon attain the solid 
mass, and thus render what is, at present, a very 
plausible supposition, an actual fact. The water 
probably rises through a chimney placed in the 
fissure FF, andfonce in contact with the loose 
granite and trachytic tufa, filters through the porous 
rock and penetrates the tufa to a considerable dis- 
tance. ‘The differences of temperature of the water 
are alone sufficient proof that some wells are further 
than others from the actual productive fissure. That 
this difference is but small cannot be wondered at, 
for the radiation of heat can only be slight under 
the circumstances, nor can we be surprised to find 
only a difference of 5 deg. between the Perritre and 
Fenestre springs. The temperature at the surface 
of the water proceeding from this last boring is 
only 19 deg., but this loss of heat must be due to 
the addition of surface filtered water, as the result 
of chemical analysis most palpably shows. 

These waters were recognised to have such me- 
dicinal value, that once found in abundance most 
active measures were taken to provide ample 
accommodation for visitors. Roomy and good 
hotels were erected, and a fine and well-designed 
bathing establishment was placed in the immediate 
neighbourhood of the wells. The waters owe their 
medicinal properties almost entirely to their high 
percentage of arsenic, unequalled by any known 
springs of Europe. Arsenic, besides being a power- 
ful alterative, is an energetic blood restorer, and can 
be satisfactorily applied in many cases where iron is 
not tolerated. The results obtained at La Bourboule 
are doubtless most remarkable, for medical men are 
unanimous in proclaiming them as being most un- 
common and of the greatest scientific interest. 

The Royat mineral waters, although possessing 

roperties and virtues totally different from those of 
Bourboule, are for many reasons quite as interest- 
ing. Situated at less than two miles from Clermont 
Ferrand (Augustonemetum of Roman Gaul), the 
now flourishing and comfortable watering-place of 
Royat occupies the entire right slope of a narrow 
but extremely picturesque valley. The proximity 
of a large town, as well as the beauty of the sur- 
rounding country, have contributed in some degree 
to the rapid development of this very pleasant 
summer station ; but the peculiar and quite original 
properties of its mineral waters have given these 
springs a well-deserved fame throughout the medical 
world of Europe. 

While the medicinal properties of La Bour- 
boule water had passed unheeded by former genera- 
tions, most extensive and, in many cases, well pre- 
served remains of a large and complete Roman 
establishment have been discovered at Royat. Old 
authors of the thirteenth and seventeenth centuries, 
mention one of the springs at present known. In 
1793 a small bathing-house was erected at Royat, 
but a violent inundation in the winter of 1832 not 
only destroyed the building, but also covered over 
the outlet of the mineral water, so that for years it 
was entirely forgotten by the inhabitants of the 
locality. In 1843 the curate of Royat remarked that 
snow was at once melted, and never remained any 
time on a spot near his dwelling. This observation 
gave rise to the discovery of the Eugenie spring, 
that now yields no less than 857 litres per minute 
ata temperature of 34 deg. Cent. The bathing- 
house at present in use was constructed in 1854 with 
48 baths and every necessary convenience. As the 
water is so plentiful it is allowed to run con- 
stantly through the baths 

The original fracture through which these waters 

work their way to surface is far below the actual 
bed of the valley. ‘The primitive rocks are entirely 
hidden by a lower tertiary sandstone formation, over 
which again a thick bed of puzzolana mixed with 
alluvial deposits coustitutes a surface coating. 
Lastly, large masses of carbonate of lime, deposited 
by the mineral waters themselves, have contributed 
not a little to alter the original outline of the valley. 
It is owing to them that the Source Eugenie re- 
mained unobserved for so many years. The spring 
had been actually covered in and enveloped by a 
compact and entire cake of carbonate deposit. ‘The 
water escaped by a subterraneous passage, and at 
some distance flowed into the ‘liretanic brook. 
When it is remembered that these waters are calcu- 
lated to bring to surface upwards of 70 tons a year 
of substances that they deposit, this phenomenon 
ean no longer be wondered at. 


The chemical composition of the water is as 
follows, the amounts of the various substances being 
those contained in 1 litre. 

Composition. 


Elements. @ 
r. r. 
Carbonic acid «» 2.298 | Free carbonic acid 


Sulphuric acid ... 0.11" gas exe ee 0.645 
Silicic acid «» 0.132 | Bicarbonate of soda 1.128 
Phosphoricacid ... 0.004 ” pot- 

Arsenic acid «. 0.0006 ash oa ew 0.381 
Chlorine... ... 1.068 | Bicarbonate of lime 1.005 
Bromine 99 mag- 

Iodine a traces ne3ia_—Sti. .. 0.374 
Potash md ... 0.179 | Bicarbonate ofiron 0.042 


Soda... saa eco 1.008 
Lithia a ee 0.012 


Sulphate of soda ... 0.195 
Phosphate of soda... 0.008 


Lime... di .. 0.391 | Chloride of sodiam 1.714 
Magnesia ... oe O17 . lithium 0.035 
Protoxide of iron... 0.019 | Arsenate of soda ... 0.0009 
Silica we w» 0.132 
Total ... .. 5.6599 


Total, not counting 

the free carbonic 

acid eo oe 5.0149 

Besides the Eugenie spring, we must note the 
César and St. Mare waters, that are of similar nature, 
and appear at the surface in the immediate neighbour- 
hood, We hear that very important remains of 
Roman work have very recently been discovered at 
the Source César. 

When Lecoq wrote his work on the mineral waters 
of Auvergne, lithia had not as yet been met with at 
Royat, nor could the many wonderful cures, 
attributed to these spriugs, be in any way under- 
stood. By means of spectroscopic analysis M. 
Truehot, of Clermont Ferraud, discovered lithia, 
not only in the waters of Royat, but also, although 
in smaller quantities, in the cultivated soil of the 
whole district. He attributes to this substance some 
very peculiarly fertile properties of the surrounding 
country, but we cannot enter upon this subject here, 
and must refer our readers for further details to M. 
Truehot’s pamphlets, 

There can be no doubt, however, that the dis- 
covery of lithia in its waters was the making of 
Royat. Dr. Garrod pointed out by practical experi- 
ments that lithia was the solvent for urate of soda. 
The action of these waters on all cases of gout and 
rheumatism is no longer to be wondered at, for it is 
well known that the nodes in gouty subjects are 
entirely composed of urate of soda. 

Royat is a decidedly rising place, for every year a 
larger number of visitors, both French and foreign, 
crowd the numerous and, in several cases, large 
hotels, These waters are by no means unknown to 
our countrymen; but the lack of English medical 
advice has prevented this number from increasing as 
rapidly as might have been expected. We hear 
that this drawback will no longer be felt, and that 
Dr. Brandt, of Madeira and Oporto, who is well 
known to our London medical world, intends hence- 
forth practising at Royat as well as at La Bourboule. 











CANADIAN RAILWAYS.—No. XVIII. 
GranD TruNK Rattway or Canapa.—IL, 

Lake MempHramacoG, the Windermere of 
America, is about 30 miles long, from two to three 
wide, and situated partly in the State of Vermont and 
partly in Canada, one-third of its length being 
south of the International Boundary. With its 
surroundings it is as lovely a scene as the eye can 
rest upon. The shores indented with beautiful 
bays, between which jut out bold wooded headlands, 
are backed by mountain ranges, conspicuous 
amongst which is the Owl's Head, looking down 
from its denuded summit 3000 ft. high into the 
transparent waters of the lake at its base. Islands 
stud the placid surface of its bosom, and some of 
these abound in natural curiosities, or relics of a 
bygone period; on one is the Balance Rock, a 
rocking stone of unusual dimensions, another called 
Whetstone Island has been the resort of the Indians 
for centuries to procure the natural oilstone for 
sharpening steel instruments, and probably before 
these were known the copper hatchets and chisels 
of the generations of the distant past. At the 
head of the lake in the State of Vermont is situated 
Newport, the terminus of the Connecticut and 
Passumpsic Railway from New York and Boston, 
and also of two Canadian railways, the Massawippi 
Valley from Lennoxville on the Grand Trunk, and 
the South-Eastern from St. John’s, on the Champlain 
Railway, each of them completing a through route 
from Montreal to New York. A steamboat also 





plies from Newport on the lake, taking passengers 
principally to the Mountain House, a favourite 








summer resort 12 miles from Newport, and at the 
foot of the Owl’s Head. At the northera end the 
lake contracts gradually to its outlet, the Magog 
river, which after flowing through an expansion 
called Magog Lake, falls in a distance of little over 
half a mile 114 ft., yielding the immense and con- 
stant water power that has given the impetus to the 
manufacturing industries which have developed the 
town of Sherbrook, the capital of the eastern town- 
ships and the chief place of business in the province 
of Quebec, south of the St. Lawrence river. Sher. 
brook is not only the best business place on the 
Grand Trunk between Portland and Montreal, but 
bids fair to become an important railway centre ; 
two other lines, besides the Massawippi Valley to 
Newport, turning off from this point. In 1833 the 
British North American Land Company obtained 
their charter from the Imperial Government, and 
the next year went into operation with a capital of 
300,000/. Their office, first in Montreal, then at 
Lennoxville, was finally moved to Sherbrook, where 
itis now permanently established. The object of 
the company is to purchase wild land from the 
Government en bloc, lay it out in suitable sized 
farms, make the necessary roads, and do a certain 
amount of that initial and pioneer work which is 
usually so disheartening to the immigrant, occupy- 
ing time that he can ill afford to lose and delaying 
for at least one season any return from his labours, 
This company has been of immense service in settling 
a great part of the neighbouring wilderness, and by 
its means a large and thriving population has been 
introduced to these eastern townships. Six miles 
below Sherbrook, ulong the line of the railway, are 
the Brompton Falls of the St. Francis, the power of 
which has been utilised to drive the machinery of 
the largest lumbering establishment in this region, 
and three miles lower down the river, and on the 
railway, are the Windsor Mills. ‘This was the first 
establishment in Canada for the manufacture of 
paper from poplar and bass wood. ‘The pulp here 
produced is mixed with about one-fifth of rags, or 
other fibrous material, and a most excellent article 
is the result, There is another establishment here 
which manufactures only the pulp, to be sent after- 
wards to Sherbrook for the subsequent processes, 
and a mile back from the railway on the Windsor 
Brook is a large powder factory, large quantities of 
which are locally consumed in the copper mines. 
Ten miles further on and 76 miles from Montreal, 
is Richmond Junction, where the Quebec and Inter- 
colonial traffic comes upon the Grand Trunk, and 
round which quite a village has grown from the 
employés of the engine-houses and repairing shops, 
belonging to the railway company. Richmond is 
221 miles from Portland, 206 miles from the Rivitre 
du Loup, 96 miles from Quebec, and 767 miles from 
Halifax. The original contract for the Riviere du 
Loup branch extended to Trois Pistolles, 27 miles 
further east, which would have made this leg of the 
Grand Trunk 233 miles towards Halifax, against 
221 miles to Portland, but all of this eastern 
division proved so unprofitable, that the company 
were released from the construction of this 27 miles, 
and so the Riviére du Loup came to be the terminus 
in this direction of this Grand Trunk, and the com- 
mencement of the Intercolonial system. Even as 
it is the whole of this division east of Richmond has 
been for over twenty years a great drag on the re- 
sources of the Grand Trunk. It comprises with the 
Quebec and Athabasca branches 249 miles of road, 
nearly the whole of it made through an uncut forest, 
at a distance back from the river, alongside of which 
the whole of the population was established, and 
which supplied all their locomotive requirements. 
The French inhabitants have always been ac- 
customed to the water, fishing is quite as much 
their business as farming, and in their light pirogues 
and fishing smacks they have, from time immemorial, 
done all their transportation and brought all their 
supplies. They have scarcely yet learned the use 
of the railway, and as the hours of the arrival and 
departure of the trains do not accommodate them, 
being laid out for a long through traffic, rather than to 
encourage local travel, they baye never put them 
selves out to discontinue the time-honoured methods 
of travelling of their grandfathers’ days. Nor is 
there under any circumstances any great induce- 
ment for them to travel by the railway. There is 
scarcely a place between Montreal and the Rivicre 
du Loup that cannot be more easily and cheaply 
reached . the river than by the railway, and the 
ferries to the only two places of any consequence, 
Quebec and Three Rivers, are to say the least a 
nuisance at all times, and in winter if not absolutely 
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dangerous are attended with considerable risk, delay, 
and annoyance. 

For some years after the railway opened the only 
means of crossing the river from the railway station 
at Point Levis to Quebec in the winter season was 
by canoes, unless, when as occasionally happened, the 
ice formed a natural bridge, and this is still the case 
between the railway terminus of the Athabasca 
branch at Doucett’s Landing and the town of Three 
Rivers. This canoe ferry was a formidable and 
exciting undertaking. On the arrival of the train 
at Point Levis the canoe men plied the passengers 
for their custom with almost the same eagerness 
that the cabmen do-now. The ice was generally 
solid for some distance from the shore, and 
here the grinding of the moving packs, and the 
stranding of the floes, formed a mound of ice, 
some 6 ft. or 8 ft. above the ordinary level. On this 
mound in a row were ranged the canoes, four men 
to each, and prepared to carry four passengers, or 
an equivalent weig ht of baggage. Along this solid 
wall of ‘‘ bordage” ice, with more or less of a descent 
toit according to the state of the tide, roared, 
crushed, surged, in furious eddies and wild commo- 
tion, the floating fields of ice and more dangerous 
‘‘berg,” which almost concealed the deep black 
waters on which they were borne at the rate of 
eight miles an hour. To stem this frightful pande- 
monium of ice and water, in the light frail canoes 
that were provided, seemed like a tempting of Pro- 
vidence, although it is said there never was a fatal 
accident in this dangerous-looking journey. When 
all was ready, and a rope on each side firmly 
grasped by all, passengers included—for the ferriage 
of two shillings did not imply that the ‘‘fare” was 
to be exempt from working his e—a favour- 
able opportunity was watched for the launch into 
the great moving mass, either a lane of open water, 
or the equally eligible chance of a large ice floe 
coming close to the ‘‘bordage.” If the former, 
all jumped in as the canoe slid down into the water, 
and the men paddled as quickly as possible to the 
next ice field ; if however the start was on a floe, the 
canoe mounted on two skate shoes was rapidly 
pushed along by all hands over its frozen surface, 
and launched as before on the other side, to be alter- 
nately propelled over the ice, paddled through the 
water, drawn up or launched as the best opportunity 
was presented, and working all the time diagonally 
across the river up or down, against the tide, which 
was rapidly carrying the whole mass in one direction, 
or the other past the intended landing-place, The 
rope which each clung to when not in the canoe, 
was the life-line to assist in recovering the boat in 
case of a mis-step getting out or in, falling down on 
the slippery surface, or tripping between the floes 
in passing from one to the other. The thing to 
avoid was the ‘‘slush” or crushed ice which would 
neither carry a man nor permit the canoe to be 
paddled through it, and if much of this were en- 
countered, the trip across of one mile might easily 
be increased to ten in its diagonal direction, The 
time of the transit varied from twenty minutes to 
four or five hours, and was not always unattended 
with danger, from the larger icebergs grounding 
on the bottom, against which a canoe would be 
crushed like a pill-box ; from the canoes striking the 
ice in being hauled up and getting a hole through 
them, and in landing upon the “ bordage” on the 
further side, when the vessel was apt to be pulled 
or wrenched in two in case of any sticking of the 
two ends, one on the fixed the other on the moving 
mass of ice. For the last thirteen years, a steamer 
of a peculiar build has been substituted for this 
perilous canoe ferry, and during that period, con- 
sidering the nature of the work, the Arctic has 
been a tolerable success. She is a compact, heavy, 
almost solid wooden boat, 110 ft. long, 224 ft. beam, 
and 12 ft. deep, with a gross tonnage of 153 tons. 
She is propelled by a pair of 40-in. cylinder engines 
driving a four-bladed screw, and cased all round the 
hull for 10 ft. in depth, with boiler plate five-eighths 


of an inch in thickness, with a forged stem, to which | 


these plates are rivetted. She is built for strength 
and braced in every direction as solidly as possible, 
to resist the tremendous shocks to which it is her 
business to submit. With the large proportion of 
power, for she is worked up to 351b, or 40 1b. 
pressure, and can then develop about 400 horse 
power, her speed through open water is about 12 
niles an hour, and she delivers a tremendous blow 
on the opposing floes. Up to 5 ft. in thickness she 
can generally split and go through a floating mass 
of ice, if not too large; smaller floes or lumps she 
can knock out of the way, and a field of 3ft. in 





thickness she would probably make her 
however continuous it might be. 
dock clear on either side of the river by a series of 
blows delivered diagonally, splitting off the frag- 
ments and wedging them into the tide, and as this 
is generally broken ice that has been packed and 
frozen together, although very thick, it is not very 
solid. The Arctic was the first boat of this descrip. 
tion that was built, and has come up to what was 
e d. In 1866 a second boat, the Prince 
Edward, was constructed on nearly the same 
model, but shorter. She is 954 ft. long, 22 ft. wide, 
and 10 ft. depth of hold, registering 162 tons, but 
she has not proved so well adapted for the work as 
the Arctic. Both boats are kept working over 
the railway ferry, the other a little lower down the 
river to the town of Levis, and as they both belong 
to the same company, when one gets into trouble 
the other goes to her assistance. But crossing even 
in the Arctic is no fun, with the thermometer at 
40 deg. below zero outside and the small cabin at 
120 above, and reeking with vile smells, the choice 
is not agreeable, whilst half an hour expended in 
ramming at the ‘ pack” becomes at last very 
monotonous, Such is the ferry accommodation 
that the Grand Trunk passengers have to submit to 
in going to Quebec in winter, and its influence on 
the traffic in the face of a new direct railway be- 
tween Montreal and Quebec can easily be fore- 
seen. If to this it be borne in mind that the whole 
distance of 96 miles, between Richmond and Quebec, 
has scarcely a population of 10,000, and these of a 
class not very valuable to a railway, it can readily 
be seen how poor a property this eastern division 
must have been before the opening of the Inter- 
colonial, which threw upon it the traffic of the 
lower provinces, At Athabasca, 32 miles from 
Richmond and 64 from Quebec, the Three Rivers 
branch, 35 miles long, turns off to Doucett’s Land- 
ing, opposite to the old city of Three Rivers, which 
is on the north side of the St. Lawrence, and on the 
direct route of the new Occidental Railway between 
Montreal and Quebec. At present a ferry com- 
munication to Doucett’s Landing connects the rail- 
way with the town, but the traffic is poor in the 
extreme, and this long branch is scarcely worth 
working. At Bulstrode, a station on it 11 miles 
from Athabasca, the line crosses an immense peat 
bog, from which for some years the Grand Trunk 
obtained a supply of fuel for their locomotives, 
which was manufactured on a system patented by 
Mr. Hodges, formerly chief engineer for the con- 
tractors during the construction of the works. The 

culiarity of Mr. Hodges’ arrangement was that it 
involved no fixed plant, but floated on a canal made 
by the machine itself, that its operation was ex- 
tremely simple, and that it saved all transportation 
of the peat until its weight was reduced by drying ; 
and one handling was sufficient till removed to its 
final destination. In the first place the line of the 
intended canal was marked out as near to the edge 
of the bog as possible, and the surface, 20 ft. wide, 
was cleared of all roots, trees, and turf. To the 
landward side of this, an even level bed was pre- 
pared 100 ft. wide for the reception of the prepared 
pulp to dry and be stacked. The machinery was 
all in a barge, which was placed in a hole on the 
line of the intended canal, and consisted as to its 
most prominent features of two enormous augers 
11 ft. in diameter, driven by a steam engine in the 
rear, and which revolved horizontally, precisely as 
acommon auger bores a hole ina piece of wood, 
whilst the scow or barge slowly moved forward, 
excavating a channel 19 ft. wide and about 6 ft. 
deep. The peat when cut out by the augers was 
delivered into the barge, from whence it passed 
through a machine, which first took out all the 
roots and sticks, and then ground up the fibre, 
delivering it by an elevator as a soft pulpy mass 
into a distributor, which spread it evenly over 
the prepared surface alongside the canal. The ma- 
chine advanced at the rate of 15 ft. an hour, leaving 
behind it a canal 19 ft, wide, and spread out evenly 
over the drying bed a stratum of pulp 90 ft. wide 
and about 9 in. in thickness. In two days this was 
sufficiently dry to be cut by two men drawing a 
cutting instrument with ropes across the mass 
transversely, into long strips 6 in. in width. A 
few days more hardened the pulp, so that it would 
bear the weight of a man upon a plank laid on the 
surface, who cut it into longitudinal strips 18 in. 
wide by a plate of iron, which he pushed before him. 
In about a fortnight the shrinkage of the peat 
opened these transverse and longitudinal cuts, and 


through, 





it looked like a great floor covered with bricks 


Me 
She keeps her | As 


loosely laid, 6 in. in breadth and 18 in. in length. 
soon as these were sufficiently dried they were 
put together in little stacks of five, four on their 
ends slightly leaning against each other, and the 
fifth balanced on the top. The crew of the scow 
consisted of six men, the captain, who besides a 
general supervision, kept the cutting knives sharp, 
and saw all in order, two men watching the cutters, 
and removing sticks or obstructions from the knives, 
one man to attend to the grinding machine and the 
spouts of the distributor, a man for the engine, and 
and another levelling the pulp on the drying ground 
on shore. These six men could perform all the 
labour of excavating, preparing, and spreading out 
to dry of about 14,000 ft. of wet peat in a day of 
ten hours. This would yield 50 tons of air-dried 
peat fuel, costing when dried and put into barges on 
the canal 92 cents, or 3s. 10d. sterling, per ton. 
This still contained about 25 per cent. of water, a 
portion of which was lost by further drying, so that 
as actually employed in the locomotives it held 
probably about an average of 20 per cent. In the 
state in which it was sent off the peat absorbed water 
very slowly, and blocks of 4 lb, or 5 lb. weight 
gained but 3 or 4 per cent. by immersion in water 
for two hours. 

The experiments made on the Grand Trunk were 

considered so far satisfactory that a large contract 
was made for the supply of this fuel, and for along 
time as much 300 tong per day were used on the 
railway. The ordinary freight engines burnt 70 lb. 
of it per mile, and on the passenger trains of the 
Athabasca branch 44 lb. per mile, or a ton in 
50 miles was the ordinary consumption, whilst in 
the same engines a cord of mixed wood weighin 
3800 lb., carried them only 40 miles, as determine 
by a year’s working. An express train from 
Montreal to Kingston, 177 miles, used one ton of 
peat containing 20 per cent, of water in running 
503 miles, equal to 444 lb. of peat to the mile. With 
Pictou coal the average run was 60 miles to the ton, 
or 37.3 lb. of bituminous coal. 
This business is entirely stopped, and the Grand 
Trunk engines on this division use cord wood. The 
peat was bulky, dirty, unpleasant for the passengers 
and employés, and a number of times the trains 
came to a standstill for want of steam. It ceased to 
be liked on the Grand Trunk, and the only little 
trade that ever seemed to promise any employment 
for the Athabasca branch disappeared, when the 
dirty-looking peat works at Bulstrode were finally 
laid in. 

Leaving Richmond on the main line towards 
Montreal, the railway crosses the St. Francis river, 
a mile from the station, and turning due west passes 
over a well settled and flourishing country all the 
way to the principal city of Canada, At Bellail, 
26 miles from Montreal, it crosses the Richelieu 
river, a large navigable stream, the outlet of Lake 
Champlain, and the water communication between 
New York and the St. Lawrence. Between the St. 
Francis and the Richelieu rivers are the stations of 
Acton and Upton, the centres of the copper-mining 
district of the eastern townships. The cupriferous 
bed of rocks extends from Point Levis opposite 
Quebec to Lake Champlain, and more especially 
along both banks of the St, Francis, ‘Three distinct 
synclinals have been traced inthe deposition of this 
great mass, and they are all cut by veins holding 
copper ore with different lithological associates. 
These veins consist principally of the yellow, varie- 
gated, and vitreous sulphurets, some of them 3 in. 
to 6in. in thickness, others 2ft. or over. Occasion- 
ally small portions of native copper occur in red 
shales, and small quartz veins holding variegated 
copper ore, are met with cutting the rocks. In the 
appendix to the Geological Report of 1866, is a list 
of over 500 places in the eastern townships, where 
copper ore has been found, extending over an area 
of some hundreds of square miles, Most of these 
have failed on exploration to yield a mineral of 
sufficient richness or in quantity to justify expen- 
sive operations, and the paying mines so far are not 
numerous. The Harvey Hill’ Mines have been 
steadily worked for nearly twenty years, and have 
yielded a large quantity of ore. ‘The copper here 
lies both in veins and beds, the strata consist prin- 
cipally of finely micaceous slates, and amongst other 
minerals a bed of steatite is interposed. ‘The veins 
have a gangue of quartz, mixed with calespar and 
chlorite, and contain rich ores, some of the vitreous 
species, others of copper pyrites. Within an area of 
30 acres open cuttings were made on fifteen diffe- 
rent veins, and shafts were sunk upon two others. 





The ore all through averages 5 per cent, of copper, 
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TWEEDY’S BOILER DRILLING MACHINE. 
CONSTRUCTED BY MESSRS. EMBLETON, MACKENZIE, AND COMPANY, ENGINEERS, LEEDS. 
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but large quantities have been got as high as 43 per 
cent. The St; Francis Mine in Cleveland has a lode 
from 4ft. to 5 ft. wide, consisting of quartz and 
other minerals associated with carbonate of copper. 
The ores raised and sold have varied from 6 to 
26 per cent., the greater portion giving from 9 to 
1] per cent. of metal. But all these were eclipsed 
by the important discoveries made a few years since 
at Acton and Upton on the Grand Trunk, which 
has stations at both of these places. These veins 
were first noticed in 1847, but nothing was done in 
working them till 1859, and by the end of 1861 the 
Acton Mine had turned out 6000 tons of 17 per 
cent. ore, It lies in enormous masses, one of them 





60 ft. wide, subordinate to the stratification in lime- 
stone and chert conglomerate. From three of these 
masses 16,300 tons of 12 per cent. copper were 
obtained ; but after this effort, the mines seemed to 
be more unproductive, and in 1871, excepting 
Harvey Hill, general inactivity prevailed through- 
out the whole district. The report for the last 
fiscal year is little better ; the Canada Copper Com- 
pany are working the Hartford, Sherbrook, and 
Acton Mines, and at Hartford they have a shaft 
down 500 ft., where they have struck a vein 17 ft. 
thick of solid ore. This mine ships 70 or 80 tons of 
ore precipitate monthly, averaging 80 per cent. of 
metallic copper. Harvey Hill, Capel Town, and 








Bolton are all doing well, and the last had 140 men 
to work all season. During the fiscal year this 
district exported 223 tons of ore valued at over 
70,000/. 

The country between the Richelieu river and the 
St. Lawrence is remarkably level, but at Bellail 
are three singular hills rising abruptly from the 
plateau, like great warts on the face of the country, 
the railway running between two of them, which 
from the uniform level are noticeable objects for 
miles in every direction. Immediately south of the 
Victoria Bridge, the railway from Rouse’s Point 
and St. John’s brings the traffic of the Vermont 
Central, over 700 miles long, on to the Grand 
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Trunk. This is the mail route from Montreal to 
Boston and New York, and besides the Vermont 
line this railway forms the link from Montreal to 
the whole New England system by the South- 
Eastern from Newport, and to the New York system 
by the Delaware and Hudson Canal Company’s 
railway from Rouse’s Point. The company work- 
ing under this modest title is nevertheless one of 
the most powerful in the United States, operating 
amongst other things 652 miles of railway, and 
having an income from all sources of from 15 to 20 
million dollars per annum, less than half of one per 
— of which appears to be derived from its canal 
tolls, 








FIRST-CLASS CARRIAGE; WESTERN 
RAILWAY OF FRANCE. 

WE give this week a two-page engraving, together with 
two transverse sections on the present page, of a first- 
class carriage for the Western Railway of France, the 
vehicle being one of the standard types employed by the 
company. As will be seen from our engravings the car- 
riage is four-wheeled and has a wooden underframe, 
while the body is divided into three compartments carry- 
ing eight passengers each, or twenty-four in all. The 
whole construction of the carriage is so clearly shown 
in our engravings that a detailed description of it will 
be unnecessary. Our illustrations are also fully dimen- 
sioned, but for convenience we append a list of the chief 
dimensions in English measures : 


ft. in. 
Length of body outside 20 7% 
Width ,, ~ 8 9 
Height inside at centre 6 14 
Width of doors “i 1 9 
Length of wheel base 


he carriage is a very comfortable one, although 
somewhat low when compared with the more modern 
carriages on English railways. On the other hand, the 
width of body affords a more liberal allowance of seat 
room than is usually available in this country when a 
compartment is arranged to seat eight passengers. The 
floor and roof are, it will be noticed, double. We shall, 
in our articles on the rolling stock exhibited at Paris 
last year, have more to say respecting the carriages of 
the Western Railway Company, and it will be unneces- 
rary therefore that we should say more on the subject 
lere, 


T'WEEDY’S BOILER DRILLING MACHINE. 
THE constantly recurring changes in the form, nature 
of material, and size of holes in boilers, make it a work of 
some difficulty to proportion a drilling-machine for gene- 
ral use, so that under these varying conditions, the work 
may be done at a minimum cost. In boiler work of a 
particular class, however, where it is required to drill a 
large number of holes through plates of the same ma- 
terial and form, special machines may be adopted which 
practically fulfil the condition stated. 
_ It is essential in boiler-drilling machines that the ad- 
justment of drill from hole to hole should be done in the 
simplest and most expeditious manner possible. No 
Special adjustment for particular forms of surface should 








be necessary. The machine ought to be of substantial 
form, all its parts being proportioned to withstand the 
severe strains brought to bear on them, when working 
with the required speed of spindle and rate of feed. The 
arrangement of the machine ought also to be such as will 
give sufficient liberty to each attendant for changing 
drills, regulating water supply, lubricating, and other 
work incidental to the use of machinery without inter- 
fering with the working of the other. 

These essential features the designer and makers have 
endeavoured to embody in the machine we illustrate on 
the opposite page, this machine having been constructed 
by Messrs. Embleton, Mackenzie, and Co., of Leeds, on the 
patented designs of Mr. John Tweedy, of Sunderland, for 
Messrs. Doxford and Sons, engineers and shipbuilders of 
that town. It will be seen from our engravings that this 
machine consists of a. bed 20 ft. long, having mounted 
upon it two uprights, one for each drill spindle, these 
uprights being right and left handed, and being movable 
along the bed by a rack and pinion, wormwheel and 
handwheel. The extreme centres at which the drill 
spindles can be set is 14ft. The saddle carrying each 
drill traverses a curved guide secured to the face of the 
corresponding vertical uprights; the guide being of a 
radius suitable for this special class of work intended. 
In the case of the machine illustrated this radius 
is 7ft. 94in. A shaft driven in the usual man- 
ner by belting, from the line shafting through 
a longitudinal shaft extending the full length of the 
machine bed, transmits motion to the drill spindles 
through a set of four wheels and a couple of slides or 
guide blocks arranged one in the saddle, and the other 
traversing a recessed guide, formed in the main upright, 
parallel to the vertical ahaft. 

The drill spindles are of steel, and 2} in. in diameter, 
and are provided with self-acting rack feed motion 
through a rangeof 15 in. They have also quick motion 
for withdrawing the spindle by hand. The motion for 
raising and lowering the drill spindles, and the motion 
for turning round the boiler, are arranged within reach of 
the attendants, sothat they have not to leave the machine. 
The boiler shell to be drilled being placed longitudinally 
may be completely plated before being brought to the 
machine, all the holes can then be drilled (without fur- 
ther assistance from cranes or other extraneous means) by 
a machine having a minimum height of pillar, rendering, 
on account of the reduced weight, the work of adjust- 
ment less laborious, The saddles have a vertical range 
of 4 ft. 6 in. on their slides by means of arack and pinion 
and handwheel, and to further reduce labour, the saddle 
is balanced by a weight cased in the pillar of the ma- 
chine. 

When all the holes are drilled within the range adopted, 
which is found to give ample liberty of action to each 
attendant, the boiler is moved round to any required 
position by the cog-wheel supports, which are connected 
by a worm and wheel arrangement to the innermost of 
the three belt pulleys carried by the longitudinal shaft. 
Controlling gear carried along the back of the machine 
to a position on the main upright, within easy reach of 
the attendant, enables him to shift the single belt used 
from the centre loose pulley, either on to the pulley 





We are informed that in the machine illustrated, each 
drill is capable of drilling 500 holes 1,4, in. diameter 
through a pair of plates }§ in. thick (equivalent to about 
600 holes 1 in. in diameter through plates 1 in, thick) in a 
day of 94 hours, including turning boiler, changing drills, 
&c. The machine has now been at work some months, 
and gives general satisfaction, We may add that Messrs. 
Embleton, Mackenzie, and Co. are about to construct a 
machine on Mr. Tweedy’s principle for drilling locomo- 
tive boilers. 








ON A SYSTEM OF MECHANICAL 
SHIPBUILDING.* 
By J. Humpurys. 

I HAVE endeavoured to make the paper I am about to 
read to you as brief as possible, trusting that the models 
and plans I have laid before you, will supplement my 
description, so as to render my meaning quite intelligible. 

Ever since I have been connected with shipbuildiin ing, I 
have been very much impressed with the iar feature 
which attaches to it, viz., thatthe builder should be almost 
| dependent on skilled manual labour, and whereas 
we find in most other important manufactures that there 
has been a constant aim to minimise skilled manual labour, 
and cheapen and improve the workmanship by the in- 
troduction of mechanical appliances, little, so far as I 
or has been done in this direction as regards ship- 

uilding. 

The reason, I think, is obvious. Iron shipbuilding grew 
directly from wooden shipbuilding, the methods of construc- 
tion being very similar; in both there is the skeleton 
framework, consisting of keel, keelsons, frames, stringers, 
beams, &c., on which is laid the skin, in the one consisting 
of wooden planking, and in the other of plating. This has 
been the received mode from time immemorial, and is, as I 
ro | say, grafted into the nature of all naval architects, 
and from its very arrangement it is almost rp ped to 
bring to bear any mechanical contrivances to aid the builder, 
such as are met with in almost all other important manu- 
factures. 

Now to trace very cursorily the way in which an ordinary 
iron ship is constructed, we find that the designer’s lines 
are projected to the natural size on a floor, that the angle 
irons forming the frames and reverse frames are placed 
into long furnaces, heated, and bent by skilful workmen to 
these lines ; the floor plates and beams are similarly dealt 
with ; these parts are then taken to the place in the build- 
ing yard where ghey oe is to be } > ys are fastened 
together, usually by hand-rivetting, are then on 
loose wooden blocks fixed in position, and shored by means 
of rough poles, ribands, and stages ; the skeleton is then 
faired and tied her with the keelsons and stringers, 
pane ey <7 gh pe plating, all ph ye work om oe 
lent on ill of shipwrights, requiring constan’ 
care adjustment to counteract subsidence and keep the 
structure fair; then comes the plater with his wooden 
templates, which are marked off from the skeleton and 
transferred to the plates, which are marked and 8 
punched (the of every hole being dependent on the 
skill Daven which the plater and his assistants can manipulate 


of construction has, I 


defied all attempts to bring mechanical appliances 





* Paper read at the twentieth session of the Institution 
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satisfactorily except to a very limited extent, such as, for 
instance, the rivetting of the frames, floors, and beams 
mechanical rivetters. 

Shipbuilding is, therefore, perhaps more than any other 
manufacture, except the building trade, placed at a disad- 
vantage in relation with its workpeople, and this may be 
the reason why we find, I believe, a greater number of 
labour difficulties in these trades than in any other. 

When we consider the vast importance of the shipbuild- 
ing trade, and the enormous sums which are annually ex- 
pended in this country for the building of ships, you will, I 
think, admit that it is a matter of the first importance 
that, if practicable, shipbuilding should be to a much 
greater extent than at present assisted by appliances, and 
so be placed on a footing somewhat similar to that of, say, 
marine engine or locomotive building. 

It occurred to me, therefore, that as the present mode of 
construction appears to present insuperable difficulties in 
this direction, it might perhaps be possible to devise a 
novel method of construction by which, in a great measure, 
the dependence of shipbuilders on skilled manual labour 
might be lessened ; and what I propose is a longitudinal 
mode of construction (which is generally admitted to be 
stronger than the present ordinary mode, but hitherto 
being considered too costly it has seldom been adopted), 
the material to be used to consist of channel sections, the 
flanges and other parts being so arranged that the rivetting 
which connects the fabric together may be readily effected 
by mechanical rivetters. 

I propose that the process of building shall be carried out 
as follows. A permanent building shop consisting of strong 
and rigid frames erected at regular intervals in the direction 
of its length, and braced together longitudinally, covered 
by a suitable roof, and somewhat ia accordance with the 
plan exhibited, is to be built on a firm foundation, the 
whole forming a pacteeky rigid framework capable of 
sustaining the weight of the ship. In these frames I would 
fix suitable pee made up to the exact transverse 
sections of the ship at the various stations, and on these 
packings I would inscribe offsets representing the points 
where the connecting flanges would meet each other; the 
particulars could be readily obtained by projection on the 
mould floor. A skeleton mould or cradle representing the 
form and lines of the vessel would thus be formed in which 
the ship could be built without risk of subsidence or loss of 
form. 

A system of cranes could be conveniently arranged above, 
from which the mechanical rivetters could be carried (and 
if on the hydranilic principle they could be in communica- 
-_ = a hydraulic main and accumulator for working 
them). 

I propose that there should be a number of the channel 
sections varying in sizes and thicknesses, and which might 
be descri as No. 1, No. 2, No. 3, &c. A code of rules 
could be framed similar to Lloyd’s tables, from which 
could be ascertained the weights of the various sections re- 
quired in the construction of any given size of vessel, such 
size to be based, say, on the under deck tonnage, &c. 

This would offer many advantages. The shipbuilder 
would be enabled to order the material required for a ship 
immediately on receipt of an order by referring to the table 
(it takes from two to four weeks under the present system 
to do this), and there would be little or no waste in the form 
of scrap as against a loss of 5 to 7 per cent. as at present. 
‘The maker would merely have to roll the sections and cut 
them to fair lengths (just as in rolling rails); he could also 
roll to stock, and so afford to put in the rolls for any section 
at any time, by which also a considerable saving of time 
would be effected; and considering the large quantities 
that would be required for shipbuilding, I have reason to 
believe, from communications on the subject with iron- 
masters, that these sections could be produced as cheaply 
as the materials used in the present mode of shipbuilding. 

The sections on delivery at the shipbuilder’s works could 
be at once passed through self-acting punching machines, 
the holes made with the utmost rapidity, all holes being at 
a uniform distance from the edge, and precisely equidistant 
from each other, and the distance between the planed butt 
and the centre ef the last hole being exactly half the dis- 
tance between the centres of two holes, all the holes 
when the sections were fitted together would be absolutely 
fair, and the rivets being fastened by hydraulic or other 
approved mechanical rivetters would exactly fill the holes, 
and so make the soundest work. For a considerable 
portion of the ship the sections would require no setting 
whatever, as they possess sufficient elasticity to admit of a 
considerable amount of twis* or ‘‘ sny,’’ which would be ob- 
tained simply by securing them in the cradle. The number 
of drop plates, and those requiring special working, is but 
small, as may be seen from the models, and from the ex- 
periments I have made I am convinced there would be no 
difficulty in dealing with them in a thoroughly satisfactory 
manner. 

The sections, as prepared, would then be laid in the 
cradle, their edges being placed so as to coincide with the 
offsets inscribed on the transverse sections, as described 
previously ; the keelsons would be placed in position, and 
the mechanical rivetters could be at once applied and the 
connexion of the fabric proceeded with; the structure 
being built up from the bottom and pleted as the work 
advanced, so effecting a very considerable saving in time as 
compared with the present system, by enabling other trades 
to follow more rapidly. A water-tight double bottom 
could be very readily formed by the proposed system, and 
would be, I think, far more reliable than the water ballast 
bottoms as at present constructed. 

The cost of labour would be very greatly reduced, as the 
furnacing and setting of frames, reverse frames, and floors 
would be dispensed with, and a great saving would be 
obtained in a large portion of platers’ work, particularly 
punching, templating, and ing; and of shipwrights’ 
work in shoring, staging, and ribanding, all risk of sub- 





sidence and loss of form (necessitating at present constant 


by | cradle ; and so 





care and attention) being obviated by building in the rigid 
- | i cteal sivetttn would 
be substituted for e 


and cheap mec 
ive hand rivetting, which I fear 
is not always so faithfully done as it should be. 

I think t would be also a decided advantage to the 
manufacturer of the material by its being confined to a 
certain number of ised sections, and that they could 
be rolled much as rails are. All these considerations 
would result in a great rapidity of constraction, which in a 
large vessel might amount to two or three months’ less 
time than at t required. 

I have had two midship sections (see page 356) prepared, 
one being that of the steamers built by the Barrow Ship- 
building Company for the Ducal Line, which are of 3000 tons 
gross register, and 380ft. between the perpendiculars, 38.3 ft. 
beam extreme, and 28.6 ft. depth in hold, the other of a 
vessel of the same dimensions to be constructed on the 
channel section system. I have made the thickness of the 
skin in the latter the same as that in the Ducal steamers, 
and in both cases only the hull proper is dealt with, irre- 
spective of deck, houses, &c. ; the weights have been most 
carefully calculated from this midship section, and amount 
to 1390 tons, whereas the weight used in the Ducal steamers 
was 1440 tons, showing a onal reduction in weight, but by 
the channel section principle a complete and water-tight 
double bottom is obtained, which does not exist in the other, 
and the fabric is constructed on a longitudinal system, which 
I am convinced is far stronger than the existing mode on 
which the Ducal steamers were built. 

In the very important matter of repairs also the proposed 
system offers some advantages, as ne | vessel so con- 
structed might always carry with her a few plates, which 
being punched to a uniform gauge could be readily fixed to 
replace a damaged plate or plates, the only labour required 
being to cut out the defective part, put in a spare plate or 
plates, and rivet together, platers not being required. 

I have had this matter under careful consideration for 
nearly two years, and feel convinced the po system 
of construction will afford many and t advantages to 
all concerned in shipbuilding , and although doubtless, as 
in all in things, some unforseen difficulties may arise, I do 
not think they will prove such as may not readily be over- 
come, and that they will be as nothing when compared with 
the many advantages presented, which offer, ey 
from a commercial point of view, such great desiderata ; an 
if the system be adopted, I have little doubt that the skill 
and experience which others may bring to bear on it will 
rapidly lead to improvements and refinements, and that a 
fabric so constructed may become as superior to that I 
have ventured to lay before you as the present iron ship is 
to those of earlier types. 








THE STEAM TRIALS OF H.M.S, “IRIS.” 
To THE Eprtror oF ENGINEERING. 

Srr,—We are all indebted to Mr. J. Wright for the in- 
formation contained in his paper, “‘ The Steam Trials of 
H.M.S8. Iris,”’ read at the recent meeting of the Institution 
of Naval Architects, but one cannot but feel disappointed 
at the]absence of a satisfactory reason being given for the 
failure of the original screws fitted to this vessel. If it is 
not trespassing upon your valuable space I think the 
following will give your readers a more tangible explana- 
tion than attributing the failure merely to blade friction, 
causing eddies ond dhieabing the stream line motions of 
the water. 





Att 


There are three ways by which power developed in the 
engines can be wasted by the screws (by was I mean 
used in some other manner than propelling the vessel). 

1. That which increases the resistance of the screws to 
turning, either by carrying water round with them or by 
the friction of the blades passing through the water. 

2. That which increases the resistance of the vessel 
either by drawing the water from the run of the vessel and 
producing vacuum or by disturbing the water and increas- 
ing the surface friction of the vessel. 

3. That which hinders the thrust upon the after side 
of the screw being transmitted through the screw shaft to 
the vessel either by shaping the blade so that in its rotary 
motion it shall produce a vacuum upon its after side or a 
thrust upon its forward side. 

Upon the first two ways much has already been said, I 
will only add that the original propellers being finer pitched 
than the new ones, is certainly not favourable to the theory 
of the loss being i by of water being 
carried round by the screws ; the extra diameter and blade 
surface would of course absorb more power for friction, 
but as Mr. Wright remarks the blade friction cannot be 
taken to account for anything like the whole of the bad 
performance of the No. 1 screws, and we must look for 
other sources of loss ; he then suggests these other losses to 
consist in eddy ing, greater augment of resistance, dis- 
pega | stream line motions ; such obscure and specula- 
tive subjects that one feels it better to thorough! 
gate the simpler questions before entering such a 





byrinth. 


The third way ing power with screw propellers is 
pac Pg ce tr ya desire to call ion, viz., That 
which hinders the thrust w the side of the 





investi-* 





If a screw is to propel a vessel ahead, the after side of the 
screw must give the thrust, but it by no means follows that 
the shape of the forward side of the blade is not tobe con- 
sidered ; for example, if a screw was made with a right- 
hand screw upon one side of the blade and a left-hand screw 
upon the other side (see Fig. 1), and driven any number of 
revolutions, the thrust produced upon one side would be 
balanced by the thrust upon the other side, and no thrust 
would be transmitted through the screw shaft to the vessel, 
and if this blade is gradually altered, as shown by the 
dotted lines, to make it more resemble an ordinary pro- 
peller blade, the thrust transmitted through the screw 
shaft will gradually increase and be represented by the 
thrust upon the after side of the propeller minus the thrust 
upon the forward side. Not having a tracing of the screws 
of the Iris, I do not claim that the section shown on Fig. 2 
is perfectly accurate, but it is sufficiently near to demon- 
strate where a e portion of the lost power was wasted. 
The diameter of the screws was 18 ft. 6} in.; pitch at 
leading edge, 17 ft. 2 in. ; pitch at after edge, 19 ft. 2 in.; 
revolutions, 91 ; speed, 16.577 knots. In Fig. 2 the section 
is taken at 7 ft. radius. AA is the angle for a pitch of 
18 ft. 5} in., which represents the speed of the vessel 
16.577 knots ; B B is the angle for a pitch of 17 ft. 2in. for 
D the leading odge, and represents a speed of 15.42 knots ; 
CC is the angle for a pitch of 19 ft. 2 in. for E the after 
edge, and represents a speed of 17.22 knots; F F is the angle 
of the forward side of blades at the leading edge and repre- 
sents a pitch of about 9 ft., and as of about 8.1 knots. 
It would be difficult to —— that the leading edge upon the 
after side of the blades having an angle for only 15.42 knots, 
while the vessel was running 16.577 knots (a drag of 1.157 
knots) caused vacuum, bnt it is clear that this part of the 
blade gave no thrust, and must be objectionable, either be- 
cause it produced vacuum or increased the surface for 
friction, for if the water did not, so to speak, run into this 
cavity, there must have been vacuum, and if the water did 
follow into the hollow of the blade, power was wasted in 
overcoming the friction ; as it is possible vacuum was caused 
at some distance below the surface of the water (the pres- 
sure of the water would affect this), I shall assume it to be 
so. Looking at the forward side of the blades, we see a 
rtion of the surface—and not an insignificant portion— 
ce an angle for only 8.1 knots, which subtracted from 
16.577 knots, the speed of the vessel proves there was a 
thrust upon the forward side of the propellers, moving 
some portion of the column of water at a speed of 8.477 
knots in the same direction as the vessel. Of course it will 
be asked, Does not the same objection exist in No. 2, 3, and 
4 screws? It does, but in considerably less degree, as the 
following will show. By as No. 2 with No. 1 screws, 
the same section, Fig. 2, will be used, and thus the com- 
parison will not be vitiated by any error there may be in 
its form. In the second series pitch same as before, 
two blades removed ; revolutions, 88.89 ; s: , 15.726 knots. 
Let AA represent the angle for a pitch of 17 ft. 11 in., cor- 
responding to 15.726 knots the speed of the vessel; BB 
angle for 17 ft. 2 in. pitch represents 15.06 knots; CC 
angle for 19 ft. 2 in. pitch represents 16.82 knots; FF 
angle of forward side of propeller for about .9 ft. pitch, re- 
presents about 7.896 knots. Here we have upon the after 
side of the blades a drag of .666 knots against 1.157 knots 
for No. 1 screws, and this drag only upon two blades instead 
of four. We have also a thrust upon the forward side of 
blades of 7.164 knots against 8.477 knots for No 1 screws, 
this also is rf upon two blades instead of four. 
Assuming that the power wasted in overcoming this 





vacuum and thrust to vary as w v? and w to be propor- 
tional to the disc area of all the blades, then 
160X1.1577=214.1 measure of power wasted in vacuum 
upon after side of blades of No. 1 
screws. ; 
measure of power wasted in vacuum 
upon after side of blades of No. 2 
screws, or rather less than one-sixth. 
160 x 8.4772=1149750 measure of power wasted in thrust 
upon ferward side of blades of No. 1 
screws. : 

80 x 7.1642= 410583 measure of power wasted in thrust 
upon forward side of blades of No. 2 
screws, or rather more than one- 
third. 

I do not put these figures forward as absolutely correct, 
but merely to demonstrate there are sources of loss not yet 
investigated, and that the pitch of the back of the blade is 
an important element in the construction of screw propellers, 
also to open up the question as to where the advantage of 
reducing diameter and surface of propellers, and thus re- 
ducing frictional resistance and — the back of the 
blades of a pitch more in harmony with the speed of the 
vessel is limited by the loss of power occasioned by increased 
slip. As Mr. Wright concludes his paper, acknowledging 
that the important subject of screw propulsion had not yet 
received such full consideration as it Senerven — 
not already at your disposal working tracings of the 
of the copellens used, so that the angles of the curves at 
back of blades can be accurately obtained (the illustrations 
in your issue of to-day are not suitable for this purpose)— 
is it too much to him to forward same to you for 
publication? so that the questions involved in these trials, 


80 x -.666%= 35.5 
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which are doubtless the most important of their kind yet 
published, may be discussed in F al columns. 
ours obediently, 
G. g Youna. 
Orchard-place, Blackwall, April 18, 1879. 








CARBURETTING AIR. 

To THE EDITOR OF ENGINEERING. 
Srr,—The cost required to produce the electric light is 
not easily obtained, but enough is at present known to 
condemn it as too expensive for commercial use. But the 
cost of carburetted air or gas is indisputably confirmed by 
practical experiment. Therefore, I beg to submit the con- 
stant value of en gg air or gas, with gasoline, at the 

rket price per gallon. 

“Preckeal Feel—Bee. 29.8, temp. 56deg. The weight 
of gasoline 655 grains to water 1000 grains. Therefore, 
one gallon of gasoline—45,850 grains. I simply aspirated 
1 cubic foot of air at the rate of 6 cubic feet per hour 
through an ordinary chemist’s wash bottle containing 1000 
septems of gasoline, the tube maintained at 3-in. seal in 
the liquid. The cubic foot of air took up 735 grains. I 
also recharged the bottle and repeated the experiment on 
1 eubic foot of 17.10 candle gas, which took up 585 grains. 

Therefore, 1000 cubic feet of air will absorb 735,000 
grains of gasoline, and 1000 cubic feet of gas will absorb 
585,000 grains of gasoline. | 

735,000 

1000 cubic feet of air= 9 =16.0 gall f li 

uu ~*~ =16.0 gallons of gasoline per 
1 gallon 2 —_- ae 1000 cubic feet of air 
1000 cub. ft. 17.10 gas=059,000_19 7 gallons of gasoline per 
1 gallon of gasoline= 45,850 — 1000 eubic fect « of mtg 
1000 cubic feet of air after being carburetted=1320 cubic 
feet, and 1000 cubic feet of 17.10 gas after being carbur- 
retted-1270 cubic feet. 

Specific Gravity Test.—The time required to pass equal 
yolumes of air, gas, carburetted ,» and carburetted 
air under equal pressure, through the same aperture 
(Shilling’s test). 

Air, 88 secs.; gas, 58 secs.; carburetted gas, 90 secs. ; 
carburetted air, 104 secs. 7 

Gas == 484 to air 1.000 


. 90? _ 
Carburetted gas =" 1.045 Pa 


” air ” 


Photometric Test.—Test on Hartley’s improved photo- 
meter 15-hole argand burner (old standard) 7 in. x2 in. 
chimney, consuming 2.04 cubic feet per hour of carburetted 
gas—14.59 standard candles, reduced to the standard of 
5.00 cubic feet—=35.78 standard candles. 

Also with No. 1 steatite batwing, consuming 2.40 cubic 
feet per hour—18.63 standard candles, reduced to the 
standard of 5.00 cubic feet=38.83 standard candles. 

3.48 cubic feet per hour of carburetted air consumed 
through argand burner=16.52 candles, reduced to the 
standard of 5.00 cubic feet—23.70 candles. 

‘ Durability Test.—The durability of 1.10 cubic foot 4in. 
ame. 


104? 
—— == 1.906 
88 


min. sec, 
Gas ... Po “se 5 45 
Carburetted gas ... ao Be 
air os oo i @& 


Pa eee oe 

I have experimented on various forms of carburators, 
viz., cylinders containing lamp cotton, sponge, felt, and 
wood carbon. They are all useless and obstructive, nor do 
they yield so high or regular a light as air aspirated or 
exhausted through gasoline, and charged into'a gasholder, 
from which it is supplied ready for use at the burner when 
required. If 1 cubic foot of air takes up and retains at the 
normal pressure 735 grains, the gas will be quite costly 
enough, without adopting other artificial means, which if 
they do not add to the cost of the oil most oe | add to 
the cost of carbonising. Air costs nothing, and nearly 
every coal gas-making establishment large enough to afford 
an exhauster may connect a vessel on the wash bottle 
— to the inlet of exhauster, and keep it as a car- 

urator charged with gasoline. They may then fill their 

holders with air gas of the best quality, and supply it as 
they do coal gas. These facts ought to be known, use 
the price of oil only, compared with the price per ton of 
coal, will govern the time when present gas producers may 
supply the one or the other. 

The gasoline I made the above experiments with cost 2s. 
per gallon. Therefore, 16 gallons at 2s.=32s. for 1320 
cubic feet of air gas=23.70 standard candles. And 25s. 
for raising 1270 cubic feet of 17.10 candle gas to that of 
38.83 standard candles. 

Yours truly, 


April 23, 1879. WiuuiaM Lyon. 








Steam Fire Enainzs ror Lonpon.—The members of 
the Metropolitan Board of Works are not unmindful of 
the responsibility they incur in the management of the fire 
brigade for London, as at their weekly meeting of the 4th 
inst. they decided, upon the recommendation of their Fire 
Brigade Committee, to purchase four additional steam fire 
engines, one to be placed at each of the four superin- 
tendent’s stations. The engines of Messrs. Shand, mn, 
and Co. having been found singularly free from accident 
and costing comparatively little for repairs during the last 
sixteen years, it was decided to give the whole of the order 
to that These machines are to be similar to the prize 
engine purchased from them at the close of the Paris Ex- 
hibition, but with all the most recent improvements. This 

bring up the number of land steam fire engines to 36, 
22 of which are by Messrs. Shand, Mason, and Co., who 
have just delivered four large manual engines and received 


ELECTRIC LIGHTING. 
To THE Eprror oF ENGINEERING. 

Str,—I have seen the interesting article on the ‘‘ Electric 
Light,” which ap in your issue of the 11th inst. 
It is therein stated that the amount of power required by 
the Wallace-Farmer is not very dissi from that re- 
quired by the Gramme or Siemens, viz., one horse 
power 800 candles. I think it will be seen from 
the following that this is not altogether accurate. At 
the trial ‘of the dynamo-electric machines about two 
of which I believe you published, it was found that the 
best Siemens machines gave 1254 candles per horse 
pe diffused beam, which I presume is meant when the 

candles per horse power is mentioned in the case of 
the Wallace-Farmer. Now the Gramme machine tested at 
the South Foreland is obsolete ; it only gave a diffused beam 
of 758 candles per horse power. 

Several scientific men, who ought to be better informed, 
have recently quoted this figure, viz. 758, as the duty of 
the Gramme,machine. 

From experiments made in the workshops of Messrs. 
Sautter, Lemonnier, and Co., of Paris, on Giamme ma- 
chines of the 1877 type, the following results were obtained, 
and they were given by the Comte du Moncel in his work 
on electricity as an appendix to the South Foreland trial 
table which only refers to the obsolete Gramme machine. 

Dimensions.—Price, 75l.; horse power absorbed, 2.5; 
length, 1 ft. 11 in.; breadth, 1 ft. 3 in. ; height, 1 ft. 8 in. ; 
weight, 3 cwt. lgr. 22 Ib. 

Light preduced in Standard Candles. — Condensed 
beam, 6400; diffused beam, 4000. 

Light produced in Standard Candles per Horse 
Power.—Condensed beam, 2560; diffused beam, 1600. 

It will be observed that the 1600 candles diffused beam 
is more than 300 candles per horse power in advance of any 
machine tested at the South Foreland. 

I am, Sir, your obedient servant, 
W. Ravcuirre WARD. 

41, Parliament-street, Westminster, S.W. 


NOTES FROM THE SOUTH-WEST. 

Newport.—Notwithstanding the Easter holidays, there 
has been a large amount of trade done at this port. The 
number of steamers which came in last week was so large 
that the different shippers found it difficult to get them 
loaded so as to avoid demurrage. e arrivals included 
several fine ships. The Bates Family, 2153 tons register, 
one of the largest sailing vessels coming here, has arrived 
to take in coal for Bombay. This is the sixth or seventh 
vessel of Messrs. Bates’ fleet which has come here since 
March. The clipper ship Prinz Oscar completed her 
loading of 1700 tons of Ferndale steam coal for India on 
Sat y. Two Scotch iron clipper ships are here, one to 
load rails for the Brazils, and the other coal for India. The 
s.s- William Symington has left for Brindisi with 2400 tons 
of steam coal. 


Swansea.—There is no change to note in the tin-plate 
trade. Prices remain as last quoted. There is, however, 
a firm demand, and inquiries increase. The latest advices 
from New York show the demand to be on the increase. 
There is enhanced activity at the steel works, and several 
appreciable orders have been given out during the week. 


South Wales Institute of Engineers.—The ordinary 
general meeting of the South Wales Institute of Engineers 
was held on Thursday, at Cardiff, under the pean J of 
Mr. Richard Laybourne, M. Inst. C.E. The —y 
Mr. H. Huxham, was unable to be present, but Mr. G. F. 
Adams officiated in his stead. The papers were 
“ Air Friction in Colliery Shafts,’ Mr. Henry K. Jordan, 
F.G.8. ; ‘‘ Large and Small Boreholes,’’ Mr. Henry Lewis ; 
and ‘‘ The Pumping Plant and Machinery erected at Gelly- 

r Colliery, 1869-71,’’ Mr. G. F. Adams. Some formal 
so eo was transacted, and the members of the Institute 
adjourned to dinner. 


The Tin-Plate Workers.—The men employed at the tin- 
plate works of Messrs. Booker and Co., Limited, at Melin- 
griffith, until they resisted a proposed reduction of 10 
cent., held a meeting at Llandaff, on Friday, to consider 
the state of affairs. They have now been out of work 
seven weeks, but there still appears to be a strong feeling in 
favour of resisting the reduction. 


The Forest of Dean.—The coal trade continues depressed, 
and prices are weaker. Two of the Cinderford Valley 
firms are quoting at the collieries, best coals, 8s. per ton ; 
rubbles, 7s.; and nuts, 6s. 9d. Short time at the pits 
constitutes the rule of working, and the recent cold weather 
has failed to impart any improving character to this in- 
dustry. At the Cinderford furnaces, Messrs. Crawsha 
and Sons have reduced their quotations for pig iron 2s. 6d. 
per ton. The tin-plate manufacturers are fairly off for 
orders, and Messrs. Jacob, Chivers, and Bright are pushing 
forward their second new mill. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

New Praects at Bridlington.— At Bri n the 
authorities purpose borrowing a sum of 16,0001. for public 
works connected with the town. Of the sum 11,000/. will 
be devoted to the completion of a drainage scheme, and 
50001. will be ded in sea defences. The drainage 
scheme is in accordance with the plans of Messrs. Brierley 
and Holt, of Blackburn. With regard to the sea defences, 
it is proposed to construct a sea wall 400 yards in length, 
on the north side of Bridlington Quay. The plan for this 
scheme was prepared by Messrs. Clark and Pickwell, 
engineers, Hull. Some of the ratepayers have opposed the 
latter project before the Government inspector, on a simple 
question of ratal, but all appear agreed as to the necessity 














years ago at the South Foreland Lighthouse, the results | Parapets 


Improved Bridges.—Mr. Price, in his recent paper read 
before the Institute of Civil Engineers, referred to improve- 
ments in bridge-making, the new Sculcoats Bridge at Hull 
being one in example. ough weighing 240 tons it can be 
opened in two minutes by four men. The Corporation of 

ull has just completed another over the Sutton in in 
that town. The span of the bridge is 40ft. The platform 
is supported on nine wrought-iron plate girders under the 
ag ge ge 3ft. apart, and from 2 ft. to 1 ft. 74in. 
deep, and two outside girders of like depth under the 

. The former are covered with buckled plates, and 

the latter support curved plates which extend from the plate 
ers and carry the footways. A layer of concrete is 
spread over these plates, upon which is laid the flagging and 
wood A we upon which the surface of the bridge is 
formed. The parapets are formed of cast-iron latticed 
panels fixed between newels and terminated by stone 
Seq built on the abutments, which are of white brick. 
Eve bridge is built from the designs of Mr. Fox Sharp, of 


New Telephone Scheme in Shefield.—A new company 
is in course of formation in Sheffield, having for its object 
an American plan for using the telephone for business pur- 
poses. It is proposed to have acentral office, and from this 
office wires will pass underground to the premises of sub- 
scribers. One subscriber wishing to communicate with 
another ‘‘telephones’’ to the central office, is put in 
communication with the firm or person he desires to speak 
with, the person in the central office knowing nothing of 
the business transacted. Practical steps have alread y been 
permitted by the authorities for the testing of the > 
which is being well supported. This is an American 
system, largely used, introduced into England, and it is 
believed will prove a success in Sheffield. 


Mansfield and iis Water Supply.—A scheme has been 
proposed by Mr. J. A. | Som an mining engineer, of 
the Blackwell Collicries. Its object is to supply South 
Normanton, a district of Mansfield, with water. He sug- 
gests that water from the underground level of a disused 
colliery should be pumped into a tank at the top of a 
tower 38ft. high, and from thence conducted to the con- 
sumers. The authorities approve of the scheme, which is 
likely to be adopted. 








THE WAVE OF TRANSLATION, 


On the True Nature of the Wave of Translation, and the 
Part it plays in removing the Water out of the Way 
of a Ship with-least Resistance.* 


By J. Scorr RussEexu, F.R.S., Vice-President. 
(Concluded from page 305.) 


Part II.—The Nature of the Wave, and the Work it does 
in removing the Water out of the Way of the Ship. 


1. How can the wave of translation remove a mass of 
still water out of one place, and lay it in a new place, and 
leave it there in a state of perfect repose ? 

2. How can a wave of translation be created by a ship so 
as to do this work with least waste ? 

The genesis of a wave of translation without waste can 
be done as follows : 

Given—A sheet of still water. 
A thin, flat, smooth, strong board. 
A power to move this board. 
Place this board upright in the water. 
Push the board forward 1 in. 
Pash it 3 in. more, then 5 in., then 7 in. 
Push it further, 7, 8, 9, and 10 in. 
All at one rate. 
Each movement in the same time. 
Now slacken the speed— 
Move on 10, 9, 8, and 7 in. 
Next 7, 5, 3, and 1 in. 
Coming to rest. Stop. 
You have removed the water. 
You have sent it to a new place, 
The water rests in a new place. 
You have created the wave, 
But the wave created flies onward afar. 

The wave genesis is finished. 

The water is removed out of the former place and is kfi 
at rest in its new place. 

This double process of genesis consists— 
In gradual acceleration, followed by gradual retardation, 
producing : 

1. Growing speed. 

2. Maximum speed. 

3. Diminishing speed. 

4. Repose. In translation. Completed. 

The complete translation consists of 100 in. of forward 
removal of the whole mass of water pushed into the new 
place, and left there. 

This removal completed, and the mass deposited, what 
are its consequences ? 


1 


The mass removed has found a new place. 


I 


This new place was occupied by another mass. 


ee 
_ 


This displaced mass j2| must in turn have a new 


place. pict 
This new place is now occupied by mass ja]. 


— 
a 
— 


Therefore 3 mass must go to | 4 | place. 





* Paper read at the twentieth session of the Institution 








au order for four additional ones. 


of the work. 





of Naval Architects. 
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In place and out of place must, therefore, go on as 
follows : 


it] shifted into | 2), [2] imto | 3], 3] into \+| 


4| into 5, 5 into 6, aad so on endless. 

‘Is successive times these displacements will take the 
following phases : 
ia bat 








There is thus presented to our thought an endless series 
of masses taken from their place, raised up above their 
level, carried forward, settled into a new place, whence 
another mass has been already displaced, raised above the 
level, and also set down ina new place; and so on, each 
after each, endless. 

_ This series of consequences of a single act of moving a 
single mass forms a succession of phenomena in 
number, endless in time, continuing ever onwards one way. 

But because this countless series of changes continues 
going forward changeless the same way in endless repeti- 








tion, we have given one name to the whole endless series, 


single phase of removing one mass from one 
peated over many places and continued onward 
Wave Mercuanism. 

This question may be put in another equivalent form. 
What does each atom of water endure while the wave is being 
created? And what does each atom do afterwards while it 
takes its part in continuing and repeating the process of 
leaving one place, drivi other atom out of its place, and 
assuming for itself tho tiene thus taken? The answer is 
neither simple nor easy. We must treat this wave motion 
in due analogy with other known mechanical motions. (See 
Fig. 8 subjoined.) To represent time, take the round face 


pines is re- 





we call them all together ‘‘a wave.” 


One wave—as if it 


























of aclock. The circle of the second hand may suit us best. 
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‘Twin Bow Waves 
Grass Seguon. 
Fig. 4 | Ware line entrance 
Z ee Horizontal Section ; 
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i2] | were only one mass of matter travelling onwards. Whereas To represent the raising of an atom of water up or 
7 —-——— - it is nailing of the kind, but is thought of by us as if it | letting it down, take the length of the second hand of the 


were one thing, keeping shape while changing place. 
What we have to keep in mind is the perpetual change 
of subst and matter, while the shape and bulk are un- 
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And so on endless. ' 





changed, and only the place filled, constantly going forward 
- wey the seeming unity being merely endless, change- 
ess change. 

Having now effected by a simple forward movement of a 
flat plate, in a regulated manner, the displacement of a 
given mass, in such manner as to be followed by an endless 
uumber of like displacements flowing from it as effects from 
cause, in like manner and endless uniformity of mass and 
bulk, we may now take a new step in thought and fact. © 

What is the nature of the mechanism by which our 








clock as measure of height. 

Between those two the times shown around the clock 
face, and the height fallen by an atom, and measured by 
the hand of the clock, there is a wondrous and close bond. 

When I take an atom of water, raise it above the atoms 
next to it, and then let it fall —_ down, it gently raises 
its neighbour to the height whence it falls and leaves it 
there, while itself remains at rest where it has fallen. 

The fall of the one atom takes time. The rise of the 
other atom takes time. The question of time we must seek 
from ‘‘ the round of our clock.”” 2 

Let 10 in. be agreed as the fall of our atom, and 10in. 
be given as the face of our clock. 
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If we now set the clock face and falling atom side by 
if we mark the place of the falling atom and the 
falling hand of the clock, and also mark the place of the 
rising atom and the rising hand of the clock : 

We shall find the following relations of place and time, 
the ascending hand going round falls; and just so far does 
the descending atom going straight fall. The ascending 
hand going round rises ; just as much does the ascending 
atom going straight rise. 

Thus we time each atom going down and each atom 
going up exactly by the hands of the clock, and the 
measure of the fall and rise of the atom is identical with 
the rise and fall of the opposite ends of the hand of the 
clock at the same time. 





We have now found a way of moving an atom of water 


So as to connect together its change of place with the flow 
of time, in our own thought. The question now presses on 
us, Can we create this regular atom movement by 
movements or mechanism under our own control? 
must seek, contrive, or construct such mechanism. 


equal intervals of time among atoms of still water. 


Take a few smooth thin sheets of glass (or ice?) and ar- 
range them in order, upright, equidistant, in one sheet of 
water, parting the atoms of water in their vertical columns, 


side by side. 


Squeeze the first plate towards the second plate, so as to 


an 
We 

The mechanism we seek is a mechanism which shall 
produce certain desired movements of rise and fall in given 





slowly let down with that intent. But 


4 in just. th 
both are in full swing, each its own rps = 


rf and neither can 


stop itself, nor hinder its neighbour both have mad 
their fall swing. This swing ended, leaves 1 on the iovél, 
2 at full height. 


We have now seen how by suitable mechanism three 
vertical glass plates, dividing two vertical columns of still 
water, may be so used, that plate 1 raising one column to 
given height and stopping, plate 2 being raised, allows that 
column gently to drop; and while ropping to push a 
second column gently upwards; first to half the hheight 
where the two meet, each in full swing, one down and one 
up; and at last one column at the bottom, and the other 
at the top. Then plate 2 is closed, and the result is; the 





Geometry of the Circle. 





DIAGRAM II. Diagram of Gravitation tzochronism 
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DIAGRAM V. Psochronone Eauivatert Water Cotuma 
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DIAGRAM IV. Syncroenism Ilo Water Particle verticas Paths. 
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DIAGRAM VI. Synchronic Rise and Fall from Rest to Rest, 
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DIAGRAM VII. Successive Motions of Water- Columns, 
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DIAGRAM VIII, fydrodynamic Conversion of Verticas into Horizontal Motion 
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_If as an example we take an atom falling 10 in., and the 
time of descent —six instants—the fall will be as follows : 
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atom has its match in a companion 





_And each falling 
to 





raise the column of water between, 10 in. above the level of 


the rest, and leave it there. 

Suddenly raise the second plate from the bottom so as 
to let the water between 1 and 2 sink tothe level. As it 
falls, so must the water between 2 and 3 rise. Then press 
down plate 2 into its place again, and mark the result. 

The first water atom has gone down 10in. The second 
water atom has gone up 10in., and both are at rest, each 
in a new place. 

But it might be said, the one column going down will 
raise the other half- up when itself is half-way down. 
It will so. They will io be on the same level, half-way 


up and half-way down, and they may both stay there at 
rest. 


They both would stay resting there if they were 











is ‘Skee 


first column has gone back to the first level ; the second 
column has gone up to the full height from which the first 
has gone down. 

The first column has been raised, descended, and re- 
turned to rest. ‘The second column has been raised to the 
height from which the first fell, and stays there. Such is 
the first complete operation ended. 

A second operation may now begin. decd 

Between plate 2 and plate 4 stands plate 3, dividing 
column sécond from thi The second column is raised, 
the third column is on the level. ? as 

Now open the communication betwixt them by raising 
plate 3. Allow second column to descend with the clock 
1.3, 2.5, 5.0, 7.5, 8.7, 10 in., thus compelling the third 
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column to ascend in the ae ee 
.0, 7.5, 8.7, 10 in. 5 — oye off 
putting down plate 3 into its place again. 
a a po pein now on the original 
Column 3 atthe f eight. 
plete operation has been performed, 
one atom of water Gonniing, ot Oy raising another 
atom in another place to the full height by successive stages, 
i idway, and ing contrariwise, while the hands 
of the a comp! round making like ascents and 
descents, in the end ing the third atom at the 
same height above the level at which the first atom origi- 
stood 


the clock, 1.3, 2.5, 
communication by 


nall > 

But a third operation of like sort may now be begun. 

Column 3 now stands at the full height of the original 
first column. It stands between plate 3 and plate 4; but 
there is a fourth column left between plate 4 and 5 on the 
level. 

Let us now raise the dividing plate 4. Column 3 
descends, raises column 4, they meet at half height in full 
swing. Column 3 completes its descent; column 4 com- 
pletes its ascent ; shut down plate 4. Column 4 rests now 
at fall ~~ Column 3 has returned to rest on the 

iginal level. 


On the way down atom |3| fell 1.3, 2.5, 5, 7.5, 8.7, 
10 in. 
On the way up atom [4] rose 1.3, 2.5, 5, 7.5, 8.7, 10 in. 


Meanwhile the hand of the clock pointed equal instants 
of time, and doing so, rose and fell equal heights above 
the level. 2 ae 

The series of like operations may go on likewise, endless. 











GzomeTRic REPRESENTATION. 
Happily for us, the way and speed and time of each force, 
when combined in one atom, are thinkable in a new form, 
represented by one new line and one new force in the old 


time but in a new speed. This new mode of thought, this | i 


new way of matter, this new result of twin forces, is to the 
other two as the two square crossing lines are to their 
i This third line is the type in way and length 
of the direction, speed, and strength of a third movement 
and of a third force—the type of the first two. Mig 

Here , motion, and time agree, and likewise 
way, time, , and matter. . 

rom these simple elements—time, force, and space, 
uniting in speed, way, and motion—we can now 
to more complex forms of the works of force with time. 

There exists a happy harmony of the geometric nature 
of the circle—with this elementary view of simple force, 
its way, speed, and work—which enables us to solve pro- 
blems by their union in thought, which are less easily 
reached by other ways. (See Diagram I., page 345.) 

This harmony I may express thus. That the harmonics 
of lines in a circle represent harmonics of space, force, and 
time. ‘: 

If a point in the circle represent the place of an atom in 
space ; if the diameter of the circle represent the measure 
of that ruling force; chords from the atom to the ex- 
tremities of the diameter represent the elementary forces, 
the arcs of the circle represent the time of the elementary 
motions, and the lengths of the chords their speeds. 

Now, this harmony of space, force, and time is true not 
merely of one single place and one atom in a circle, but 
of all the points and atoms set all round that circle ; and 
also of all the points of all atoms all round a series of other 
circles. It is therefore well worth while to master the 
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‘Taken ona larger scale the rise and fall is given in de- 


Near. 0 at starting, 0, 4, 15, 30, 45, 56, 60, ascending. 
—Ending 60, 56, 45, 30, 15, 4, 0, descending. 

Quite exact. To be taken from large diagram. 

Heretofore, we have only been thinking out and contriving 
how an atom of matter floating in a liquid mass might be set 
up in a new place; haw it might be so guided in de- 
scending from that new place as to send up a second 
atom to another high place; how the first atom might be 
left at rest in its own new place while the second atom was 
in turn displacing a third atom in descending to rest in its 
own resting-place, and how this third atom when raised up 
into its new place should in turn descend to its resting- 
place, while raising a fourth atom up into its higher place ; 
and soon in order a fifth, sixth, and continuing line of 
atoms should go on ascending and displacing each by each 
and descending and replacing each by the other in unend- 

line and order. 

e have seen how atoms afloat in liquid at rest might 
be so guided and moved as te make tuese changes of place 
in orderly following : by = ey change of form and 
place without change of bulk or space. This as mere 
mani nm of space and place is scarcely more than 
mere geometry of place occupied by mass, without hindrance 
~ ane shape, but without a thought of change of 


But we have now to seek in nature and matter, and find 
out whether there exist in nature some force to cause such 
movements as we have contrived and controlled and carried 
on? whether such force would do its work in the time we 
want? whether we could safely trust it freely to do our 
work without our supervision or interference. 











hidden nature of this pregnant harmony. The circle ex- 
presses the harmonic relation of time with space and force 
owing to the following cause. 

We have already seen that two simple forces right across 
each, do their own work without interference one with the 
other. Imagine in a circle one diametral force—say 
vertical. (See Diagram II., page 345.) Imagine a direct- 
ing line going out from either extremity. Imagine the atom 
to be moved along that line. 

Then: This diametral force—acting on a mass—con- 
trolled by the directing line, will produce a uniformly 
accelerated motion, slower as the direction is more and 
more oblique to the diametral line. 

Now, the remarkable property of these oblique lines in 
the circle is, that all the pairs of lines on one side of the 
diameter meet at right =, and therefore each one of 
the pair represents a force line and a directing line. 

And therefore: All the motions along each line of re- 
solved force will be each of different speed, and ali per- 
formed in and at the same time. 

This is the case of perfect harmonic isochronism. 

Thus one and the same force produces many simultaneous 
motions—all of varied lengths and speed - ail in one time, 
all in different directions. 

A, yy _* eee ee nism is Eat the ~ ee | rt 
of the force along irecting line is greater and less 
exactly in the same degree as the line to be described 
within the circle is greater or less ; that is, the greater 
distance has more force, and the less distance less force 
acting on the mass moved along it, and so the fast and 
slow, the long and short exactly one time. 

From this also follows the beautiful conclusion, that 


diameter at either end e?] at the same instant, will all 


move away, pD' their — in the same simultaneous 
ares of successive circles. This may be inverted from the 
opposite pole. This leads to a beautiful experiment with 


1vo . ° 

Ths : We have got harmonic synchronism from varied 
force with varied space. : 
Next we have to seek harmonic succession, or time-keep- 


_ ot 

eretofore we have had each force remaining through 
time the same—each in settled proportion, and all agreeing 
in the same circle of form. 

But the times and speeds of each portion of each path 
have varied far from uniformity, and have obeyed the 
law of constant force and uniform acceleration. 

What is first noteworthy is that though the speeds and 
lengths in each force line differ, = in the successive 
intervals of time all describe the chords of circles which 
part them all into like proportion. 

Thus not only are the completed lines of way ended 
at the same instant, but all their proportional parts are 
finished at the same instant in synchronou ssuccession. 
Heretofore we have taken one diametral force and resolved 
it separately into_various directing lines, and treated each 
resolved force and its directing line as separate, independent 
phenomena — synchronous. 

But if I could contrive that this diametral force should 
continue one, and only vary its direction successively into 
each of its other lines at successive instants, then a propor- 
tional part of each path could be gone through in each 
instant, all in one line. 

The cycloid is a curve in which these successive chords 
become the radii of a continuous curve, and the curve re- 
presents a succession of such paths parallel to these chords, 
and the lengths of the arcs of these curves vary in the re- 
uired proportion, i.e., as the forces which are directed to 
the given point, and this curve is isochronous. 

ff, therefore, we make a directing line, which is a cycloid, 
instead of a chord, all the arcs of this cycloid will have the 

roperty of these chords, and a ball will descend along that 
fine with like descending force to that in the chords and will 
possess like isochronism. 
Hypropynamic IsocHRoNIsmM. 

From the gravity of atoms moving along rigid directing 
lines we have got isochronism, by pb mm a fixed length of 
path for a given degree of acceleration. We have now to 
ask how such’action can be contrived in atoms flowing free 
(in fluids) ? 

The answeris that the mechanism of isochronism is already 
provided in the nature of free fluids. 

A vertical column of water forced above the level between 
two plates has already this quality in its own nature. Its 
downward force is precisely measured by its height above 
the surrounding level. If, therefore, a vertical column 
descend odky Conant its own height above the level, it 
might be expected to make that descent from a greater 
height, with greater force in the same time as a descent from 
a less height with less force in that time. 

We have now to see what is the nature of the conditions 
in water which will render this possible, because in water 
no column can fall without its change of place affecting the 
particles around. 

Our three vertical plates enable us to study this question. 
Let us take plates 1 and 2 in enclosed water, let us 
bring them together at equal distance by pushing 1 towards 
2, raise the water between. Let us then insert 3 at 
like distance from 2, pull up 2, let the water deseend 
till it meets the other water rising, and stop them there : 
that takes a given time. Next — the experiment, and 
let the water descend to the level outside ; that ‘will take 
twice as long, and will leave the second up at the full height 
of the first: stop it there. Twice the space is now passed 
through in twice the time; call the one a half swing, the 
other a whole swing. (See diagrams annexed.) 

Next raise the water between 1 and 2 twice as high as 
before, and let it perform the half fall and the whole fall ; 
it will be done in the same time through the larger fall and 
through the less fall, through the half of the larger and the 
half of the less. 

Then double the height over again, the fall will still be 
done in the same time. 

Our vertical falling fluid column has given us the same 
isochronism we got in the sloping fall of the atom in the 
— chord, and this will continue till we exceed certain 

imits. 

The cause we have found is this, that the hydraulic pres- 
sure of a liquid column increases in exact proportion to the 
height of that column above the adjacent surface, and 
that if the pressure of that column is so applied as only to 
move a given weight of water through a space propor- 
tioned to that pressure, the longer and the shorter spaces 
will be performed under larger and less forces, and so in 
equal times. 

Onur three vertical plates and two vertical columns have 
given us isochronism. 

But this isochronism of liquid columns differs from the 
isochronism of atoms in circular chords, by the fact that 
though both make like descents and ascents, the one goes 
up and down along slopes, while the others go up and down 
in,vertical columns. (See Diagram III., page 345.) 

Fortunately this seeming discord is reconciled by a new 
quality of these sloping paths in the circle. That they are 
—— in exact identity by vertical paths in a circle, pro- 
vided that circle be of double the diameter. The same lines 
that were sloping are now vertical. er 

Having thus obtained the conditions of isochronism in the 
relations of force in vertical lines or vertical columns of 
fluid, viz., that these water columns must have the same 
heights above a common level, which the chords of our 
circle have of distance from the bottom of the diameter, 
and having found the geometrical relation that these sloping 





any number of atoms issuing from the extremity of this 


chords are identical in length with vertical sines of arcs of 
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the same length, in a semicircle of double the diameter, 
we have only to reconcile this geometrical relation with 
the conditions of our fiuid columns to have complete 
isochronism of fall of each and all those water columns. 

Also, as the conditions of the forces are the same, what 
is true in one case of all the successive parts of fall in the 
circle, will be true in the semicircle of fluid, viz., complete 
isochronism of the parts of the fall in like differences of 
height. (See Diagram IV., page 345.) 

Just, therefore, as we showed before, the synchronous 
places of each particle in the sloping circle, can we now 
mark off like synchronous places in the vertical semicircle. 

Having thus provided the conditions necessary to obtain 
perfect equality in the times of descent or ascent of liquid 
atoms by forming them into vertical columns in free space, 
we have next to seek out, not the nature of the descents 
which will all agree in one and the same time, but the 
degrees of ascent and descent which will take place in 
measures of time. Wedo not want agreements given of 
one time, we want the differences of place at different 
successive times. 

Now there is a fortunate coincidence of a quality of 
certain lines in the circle with the law of force acting on 
vertical columns which gives us the harmony we seek with- 
out discord with what we have already done. 

We want to know the steps of ascent and descent of our 
vertical columns during each successive instant of time. 

The answer is this: Take the original circle with its arcs 
to represent successive instants of time. Take the original 
chords of these arcs, which represent our vertical forces in 
lengths ; then draw the horizontal sines of these arcs which 
cut the vertical diameter into corresponding parts. 

Now the chords represent the lengths of our vertical 
columns, and they also represent the relative velocities of 
the motions along each chord. But they do not show the 
places of the particles ae motion, nor measure the 
paths which in each case has been described. (See Diagram 
IL., page 345.) 

But the corresponding divisions of the diameter are 
exactly proportioned to squares of the chords, and as the 
chords measure the speeds, their squares measure the 
spaces described by the growing and diminishing spaces 
described with those speeds. 

Take, therefore, in like manner, a series of vertical 
columns, the force in each in the ratio of the distance from 
the equilibrium point, and ask what length of path each 
atom will describe in successive equal times, and the answer 
will be given by the divisions we have just madeon the 
vertical diameter of the circle. 

As example, take our pair of descending and ascending 
water columns. The mass to be moved is theirsum. The 
moving force is their difference of height. The original 
level of the water is the resting place of one and the start- 
ing place of the other; they meet half way, where both 
change from acceleration to retardation. (See Diagrams V. 
and VI., page 345.) The spaces described in the successive 
instants of rise and fall, are those divisions of the diameter 
which yee. pre to the squares of the speeds, and are shown 
by the versed sines of the arcs of our chords of isochronism. 

The geometry of the circle has, therefore, taught us: 

1. The isochronism of motions produced by uniform 
forces directed through chords of arcs corresponding to 
times. 

2. The isochronism of corresponding vertical motions in 
columns having like distribution of force in the sines of 
double the former arcs. 

3. Place and distance done by each particle in its own 
path at the successive instants of time represented by the 
arcs, whose versed sines give the heights risen and depths 
fallen by each particle in those times. 


HoRIzONTAL TRANSFER OF FORCE. 

We can now take a couple of water columns and predict 
of them, the isochronism of their ascents and descents 
large and small. We can also show the place each particle 
will occupy in successive instants of time. 

But we have not yet considered a new phenomenon arising 
inevitably from the motion of a liquid column which has 
been confined exclusively to a vertical direction, but which 
we next proceed to release from confinement and leave free 
to take horizontal motion simultaneously with its vertical 
motion. 

To find out the nature of the simultaneous horizontal 
motions that may take place while the vertical motions 
follow the law we have learned, [ will make a slight but 
important change in the wave-making apparatus [ have 
used or imagined heretofore. (See diagrams on the opposite 


page.) 
i began with a vertical plate 1, with which I raised a 
vertical column between it and plate 2, above the sur- 


rounding level; I next raised plate 2 and let the first 
column fall vertically down so as to raise the second column 
between plates 2 and 3. 

I now propose a new way of transfer of force from the 
first to the second column. I propose instead of raising up 
my smooth glass (or ice) partition wall 2, to leave it for an 
instant ‘‘free.”’ Now this wall 2 is pressed forward + 
all over its underwater surface by the hydraulic pressure 
due to the height of the first column above the level. Plate 
2 thus pressed moves forward, it removes column two for- 
ward and upward ; column one has gone down and forward. 
Column two has been removed a like degree upward and 
forward. 

Stopping the motion of plate 2 we find column one gone 
down to the level. We find its equivalent in water gone 
forward, we find an equivalent of water in column two 
displaced by column one, and we find that equivalent re- 
placed at the top of column two, and there also the equi- 
valent of hydraulic force spent from the top of column one, 
We now find restored at the top of column two. 

We have thus from one—descent, forward motion, dis- 
placement, and power spent. 

ye have thus in two—displacement endured, forward 
motion, forced, water column raised up—power restored. 





Thus by leaving the motions of these adjacent twin 
columns free, fo as well as up and down, I have 
obtained the same ascent and descent as before, but by un- 
restrained forward motion under free hydraulic force. 

Also, we are now ready to free plate 3 from restraint, 
and let itmove forward from the stored force of column two 
also horizontally ; and so raising to the top of column 
“= og) pony ne of stored force. ‘ : ia 

us I can by removing impediment after impediment ou 
of the way transfer column after column of stored force 
horizontally from place to place without limit of distance, 
time, or number. 

The limit of time is my dexterity, or my discretion, and 
we must next seek how to get rid of these impediments and 
see how we may leave this to nature. 

Let us ask how nature would carry on this work if once 
set going and left to herself. What is the exact work we 
leave to nature? (See Diagram VIII., page 345.) 

We have stored some force in a hydraulic column above 
the level, which we want to be used and transferred with- 
out loss from place to place endless. 

For this purpose we have an initial reservoir or series of 
reservoirs ; we have a sheet of water of given depth, at 
rest ; we deliver a portion of our stored force to the trans- 
mitting water.’ Let us see what will follow ; as we have 
already seen, this stored water descends and takes its place 
— the level, whence it ejects the former tenant of the 
place. 

Now we have only to ask what is the time and speed with 
which a mass will descend from this place to that; and we 
find that it is the speed due to the height through which the 
centre of mass has to pass in descending from its first to its 
lowest place, or a speed of 16 ft. a second, a fall of 4 ft. in 
half a second of time. In other words, the speed of the 
transfer of force is a speed of ten miles an huur, being the 
speed due to half the highest depth. 

We see, therefore, that the descent of a raised mass of 
water can transfer its force forwards, by displacing an 
equivalent column at the known pace of the fall of the 
mass from centre to centre. 

That is the speed of the effect Pape ; we may next 
seek the manner of propagation. The propagation is the 
transfer of the force forward ; the manner we must measure 
by the vertical forces and motions. The vertical motions 
we already know are represented by the versed sines of 
the depth of fall and rise, which with equal arcs correspond 
to equal times. (See Diagram VI., page 345.) 

The first stage of fall will therefore- take place in the 
first instant of time, through the versed sine of the first 
arc of the time circle. 

The second stage of fall will take place in the second 
instant through the versed sine of the second arc of the 
time circle. (See Diagram VII., page 345.) 

And so onall through the half round of the time circle 
till the last fall to the Jevel. 

We have thus given the exact change in length and depth 
which each water column undergoes, during its transforma- 
tion from high to low, and during its transformation from 
low to high, and the place of each atom at each instant as 
shown on the time circle. We have next to consider that 
these water columns form aseriesin two (or four) groups 
(see Figs. 6 and 7, page 344) : 

The rising group, six. 

The falling group, six. 

We may now examine the rising group : 

The front level : column one rising. 

Column two risen 2nd stage. 

Column three 3rd stage. Column four 4th stage. 
Column five 5th stage. Column six 6th stage. 

This transmission of force and changing form, with the 
full speed due to height of centre of “alling mass, above 
centre of fallen mass, is in agreement with the known phe- 
nomenon, that in whatever line or path moving force is 
directed, and however slow or fast it moves during accele- 
ration, the ultimate velocity of transmission will be that 
due to the length travelled along the line of force, quite 
regardless of the speed along the line of direction. 

ence it comes, that whether the water be deep and the 
wave shallow, or the water shallow and the wave deep, the 
speed of transmission will be the same so long as the sum 
of the wave and the water depth remains unchanged. 

But there exists a second nature of horizontal motion 
quite different from this transmission of force and form, 
although simultaneous with it ; it is— 

Tue Horizontal TRANSLATION OF WATER Mass. 

In the former case there was a change of form and place, 
which consisted of given particles changing shape and place, 
by centres falling and rising with given speed. 

In the new case we find one group of atoms, by the force 
of their fall, moving a larger group of atoms, and removing 
them to a distance, and leaving them there at rest. These 
form the translated mass. 

We must here distinguish the moving mass from the mass 
removed. The mover is the part of the mass above water : 
the moved mass is the whole, under andabove. The moving 
power is merely the fall through the wave height, the 
moved mass extends down to the full depth. The moving 
force is the same as the force of transmission, only the 
transmission was merely force in velocity, going from one 
mass to an equal one. Here the force is laden with a heavy 
burden ; the weight of this burden slows the speed of trans- 
lation, and diminishes the distance travelled. If a moving 
power of one is laden with an inert burden of four, it can 
only do quarter the distance in given time, and in every 
case the distance done will be inversely as the load (in 
given time). i a 

It will thus follow, that if a wave of translation 3 ft. high 
be transmitted through still water 5 ft. deep it will change 
place and travel forward 16 ft. in a second ; but the total 
mass of 8 ft. will only attain three-eighths of that rate, or 
6ft. per second; and as the motion will not be uniform, 
but accelerated and retarded as the versed sines of the time 
circle, the space described wil] be one diameter of accelera- 


tion and one diameter of retardation, or in a given ratio 
to twice the height of fall. 

The ion of mass effected on the water is measured 
by the time circle of fall, the transmission of force and 
form by the circle of depth of water. 

The time of the complete transport of this mass will 
measured by the circumference of a circle, greater than the 
diameter of the circle of fall in the ratio of the height 
of fall to depth of water, or the circuit of depth as diameter. 

This interval gives at the speed of tranmission the wave 


length. 
DIAGRAMS AND EXAMPLES OF WAVES. 

Diagram I., 315.—Arecs of the circle represent flow 
and measure of time—say tenths of a second. 

Total circumference, 3.2 seconds or 32-tenths. 

Divisions of the tangent lines represent rectangular co- 
ordinates of each arc ; or vertical and horizontal elements 
of uniform motion in equal ares of the circle ; or versed sines. 

The : x are used as convenient approximate types of 
the V.S. The co-versed sines, tangent, are, when in- 
finitesimal, equal to the ares. 

Each chord of an arc has the same direction as each 
radius in the succeeding quadrant. 

The versed sine 2nd differences are greatest near zero; 
become uniform half-way. The differences become uniform 
at the radius and then diminish to half-way. The 2nd dif- 
paews again become greatest at the end of one vertical 

ine. 

The versed sines grow as the square of the arcs, from 
zero, become uniform and equal to the arcs at the tangent, 
and diminish as the squares at the end. 

These versed sines give, as the diameter of the ©, 100; 
and the circumference of the ©), 320. 

Diagram II., page 345, gives a circle of given vertical 
radius—say 50 in.—through which a body falling freely 
from rest will pass in half a second of time, and acquire a 
speed of 200 in. per second, or 16 ft. 8 in. 

The ares representing equal times. The radiant chords 
represent s and motion by gravity along each chord. 
Each chord of the semicircle is parallel to the chord of an 
arc. Each chord measures relative speed as well as abso- 
lute force and distance. Space described in equal times is 
measured by versed sines of equal arcs, which are as the 
squares of the chords. 

Velocities acquired at the end of each fall are those due 
to the height fallen, without reference to direction. ‘Ihe 
heights fallen are the versed sines. The velocities due to 
height are, therefore, as square roots of vertical heights, 
or as the chords. 

In other words, the velocities at the end of the times are 
those due to the vertical fall (the fastest), without reference 
to the slowness of the previous fall. 

Therefore, the vertical s on arcs, chords, and dia- 
meters are, at the same height, all alike, and are as the 
square roots of the V.S. 

Diagram I1I., page 345.—Times represented by arcs of a 
circle whose vertical diameter represents height of fall, are 
represented also by arcs of a semicircle of double diameter. 
The arcs of the circle and of the semicircle are of equal 
length. The chords of these circular arcs and the sines of 
these semicircular arcs are equal. 

The vertical semicircular sines may be taken as lines of 
vertical descent of water columns, &c., descending freely 
by gravity. 

The moving force in each vertical water column is as its 


height. 

The distance to be descended in each vertical column is 
as its height. Each distance being in the ratio of each 
force, all will be done in one time. 

If, therefore, a series of masses were to descend along 
the chords of the circle, and a series of water columns were 
to descend vertically along the vertical sines of the semi- 
circle, all would reach the level surface at the same time. 

The water columns are, therefore, isochronous with the 
oDiagram IV, page 045, —Ab each a f descent th 

iagram IV., page 345.—At each degree of descent there 
is perfect synchronism between the chord particles and the 
column particles. When each is half way down its chord, 
each other is half way down its column. 

While the former keep rank and time in circles of 
diminishing ius, the latter leave their semicircle and 
take synchronous places in semi-ellipses whose vertical 
ordinates are equal to the synchronous chords. 

Thus, each icle in the vertical column keeps time 
with its summit particle, and in each instant all move in 
harmony and in like proportional b cae Thus, the water 
columns keep the times of the circular arcs, and move down 
through the lengths of the circular chords, and keep the 
speeds due to the paths in the chords, though the directions 
are quite different (see later on). 

It is also to be noticed that the total time occupied in 
motionjthrough each vertical path and each chord, is the 
time of total free descent through the vertical diameter of 
the circle by gravity. Say 1 ft., 4 second; 4 ft., } second ; 
9 ft., $ second ; 16 ft., 1 second. 

“* Radius vector” = path! of force? of particle ?? 

i m V., page 345.—A couple of water columns, con- 
nected and full to the water-level, are vertical, equal, open 
above, and united below. Then, by force, one column is 
raised, kept at rest, then left free. It descends in equal 
times through versed sines, accelerating to half-way down. 

By force of this descending column the other column 
ascends above the water-level in equal times througk versed 
sines, accelerating to half-way up. 

The two meet half-way on a new level. Neither acts on 
the other, both are free; but both ure in motion, full 
swing—one up, the other down. This swing force carries 
one upwards as far again as it rose, one downwards as far 
again as it fell. Both go on at diminishing speed in same 
times as before, but in reverse order. ‘The two columns 





now rest in exchanged state 
Diagram 


VI., page 345, shows the ‘successive stages of 
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rise and fall of many water columns, in the same manner as 
Diagram V. shows the stages of one couple of columns. 

There are eight descending columns on the left, and 
their corresponding eight ascending columns on the right. 
The measures are taken vertically from the circle of iso- 
chronous rise and fall, and are transferred to their due 
ee in the semicircle of translation shown apart in 

Jiagram VIT. 

Diagram VIT., page 345.—The versed sines of the circle of 
equal times, showing the vertical ascent and descent in suc- 
cessive instants, are transferred to the semicircle of iso- 
chronous water columns (3and4). Here each vertical summit 
shows the place of each column all at the same time, and 
also the height of any one column at successive equal 
times. This diagram unites the times ef vertical ascent 
and descent with the places of isochronous water columns 
in a semicircle of synchronism. 

Diagram VIII., page 345, shows the hydrodynamic con- 
version of the vertical forces and motions of water columns 
into horizontal forces and motions. 

The wave taken as example is in water 6 ft. deep and 

ft. high, when D+H=8 ft. A vertical column, confined, 

Sift. high ; when freed forward it descends accelerating 
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to 7ft., retarding to 6ft., where it stays. The force goes 
forward 16 ft. in a second, and is stopped there, then raises 
a second vertical column, which is then enclosed, like the 
first, having risen successively to 7 ft. and to 8 ft. by stored 
force, or energy. Left free, it again descends and goes 
forward to a third stage, and so on, ever forwards. The 
moving force is shown in the absolute conversion of a 
weight and volume of water 1ft. © above the level into 
an equal weight and volume of water 3 ft. © below the 
level. This energy is transferred by hydrodynamic descent 
and horizontal displacement, and the velocity due to height 
is 16 ft. per cuenll 

Diagram IX., page 344, shows the wave form resulting 
from the simultaneous propagation of the force ina straight 
line along the smooth surface of still water, and the synchro- 
nous rise and fall of the water column, in the versed sines 
of the time circle. The time circle also enables us to de- 
termine the exact wave length. Diagram VIII. has given us 
the speed of wave travel from instant of starting to instant 
of stopping. We still want to measure the time between 
starting and stopping ; this is the time required for descent 
and ascent. Now descent takes place in two equal stages, 








or quadrants of the time circle ; ascent takes place in two 
quadrants also. 

If the ascents and descents were falls by free gravit 
their times would be merely the times of free fall, retard 
fall, free rise, and retarded rise. The time would be four 
times that of one height fall. But the time flows uni- 
formly as the ares of the circle of which the rise and fall 
are as the versed sines. While, therefore, the versed sines 
correspond to one second of time, the uniform time arc is 
1.57, and for two seconds of time the time are is 3.1416 se- 
conds. Thus we have represented by the versed sines the 
heights, vertical rise and fall, and the times of rise and fall 
by the corresponding quadrants. 

The true horizontal wave speed due to height and depth 
is thus givenin DiagramIX. The true heights in successive 
times are given by the time circle of half wave height as 
radius. ‘The wave period is given by the synchronous 
arcs measured on the circumference of the time circle— 
being 1.5708 for the half, and 3.1416 for the whole wave 
period. The period x the speed give the wave length in feet. 

Diagram X., page 344, shows in connexion with Diagram 
= the wave volume in two places—on the face and in the 

eep. ; 

On the water face.—The depths are as shown in Dia- 
gram 1: 1, 4, 9, 16, 23, 31, 40, 50, 60, 69, 77, 84, 91, 95, 


99, 100. The volume is 100X50=5000, volume unity. 
This is the rising wave. ‘The whole wave volume is 
10,000 W.L. 


In the deep.—The successive displacements are as the 
above series, only horizontal and diminished in the ratio of 
W.L. to depth. Each water column successively acquires 













1879.] 


APRIL 25, 


ENGINEERING. 








349 











STRAINS ON CRANKSHAFTS. 























a ee 




















Fig.13¢ 


Fig. 8° 

















Fig.10¢ 





| 


the horizontal speed due to the increasing height, and 
the times being equal, the speeds as the V. of the heights, 
and the spaces are as the squares of the speeds, the dis- 
tances travelled are as the versed sines of the semicircle of 
ee with the circle of time, or as (versed sines+)?? 

otal, 

Volumes fg hi k...in one and in other are equal. Spaces 
described are as heights due to speed in both cases. The 
volumes or areas are as 


14+9+23+40 and 60+77+91+99 
e+ _ 
73 327 
3)“ + ? (13) 





Diagram XI., page 344, shows the genesis of the wave 
by a succession of forces creating the succession of heights 
due to the required velocities. 7 

Diagram XII., page 344, shows the work done by the ship’s 
bow in removing the water (see Figs. 14 and 15, page 344). 

The horizontal section shows the wave water lines of the 
ship, and also the extent of horizontal motion given to the 
a moved outwards in each successive half second of 

ime. 

, The vertical section shows the heights of the water as 
rising and falling above the water-level in successive in- 
stants ; these heights being the heights due to the velocity 
given to each water column as displaced by the bow. This 

W wave is a permanent phenomenon, remaining always 
unchanged in size and place on the ship, so long as the 
speed is constant and the depth of water unchanging. 
Although this bow wave is a permanent phenomenon, the 
water particles of which it is made are all changed in each 
wave-length of the ship’s travel. 

The cross section shows the end view of the bow wave in 
contact with the ship’s skin. It also shows the section of 
the wave which is sent off outwards from the ship, as the 
consequence of the ship’s displacement ; and which is the 
wave of translation, carrying off to a new place the water 


displaced during the transit of the ship’s bow. 








STRAINS ON CRANKSHAFTS,* 
By J. T. Mruron, Member. 

Or all parts of marine engines that which requires to be 
renewed most frequently is the crankshaft. The majority 
of breakdowns of machinery at sea are caused by broken 
shafts, whilst those that break at sea are a small portion of 
the total number which are condemned and replaced owing 
to serious flaws being discovered in them. The great expense 
and inconvenience arising from the detention of vessels 
when being fitted with new shafts have led to the adoption 
by most engineers, in large engines, of crankshafts made 
in two halves, each half being a duplicate of the other, so 
that inthe event of a down one-half only has to be 
renewed ; and it is also the practice of some engineers, not 
only to make their shafts in similar halves, but to make 
each half reversible, so that in the event of a flaw appear- 
ing in any bearing, it can be turned into the forward bear- 
ing, upon which no twisting strain comes. Now there 
must be some cause or causes for this great mortalit 
amongst shafts, and any discussion on this subject whic 
would reveal any cause, and at the same time suggest a 
remedy for it, would be of tinterest. 

Crankshafts might fail through being originally made of 
insufficient diameter for the work for which they are de- 
signed, and in at least one noted case this was no doubt 
the reason ; but in the majority of marine engines this is 
not the case, yet they sometimes break after only a few 
months’ work. Another cause which might lead to their 
failure is bad forging, and although the fractures of shafts 
have in some instances shown either that the material was 
bad or that the piling of the iron was defective, yet in | 
many broken shafts the material is thoroughly good. 1 
the material is good, and the shaft is of proper di- 
mensions, and yet comes to grief, it must be through its 
being subjected to some specially severe strains, greater than 
those due to ordinary working. It is to the consideration 
of some of these strains that this paper is devoted. 


* Paper read at the twentieth session of the Institution 
of Naval Architects. 
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That some abnormal strain is the cause of flaws oc- 
curring in shafts is borne out by the fact that in many 
shafts flaws are observed, marked at the ends, and care- 
fully watched to see if they extend, and the shafts then run 
for months, and sometimes even for years, at full power 
without any extension of the flaws, whilst the shaft must, 
in its flawed state, be weaker than before. 

Most of the flaws for which crankshafts are condemned 
occur at the angle between the web of the crank and the 
— or crankpin, at the place where the forging is most 
ikely to be defective, and they are evidently produced 
more by bending strains than by twisting ; at these places 
the change of form of the shaft throws great local stresses 
on the material, and there can be no doubt that if these 
parts are made with a large radius the strength of the 
shaft is materially increased. 

Amongst the causes which tend to throw great strains 
on the shafting may be mentioned the presence of water in 
the ye monea slackness of the brasses, and also the bear- 
ings being out of line. It is very difficult to calculate the 
amount of strain produced by the first of these causes 
quantitatively, as it depends upon the pressure which would 
open the relief valve or foree the slide valve off the face, 
and thus afford an outlet for the water, and it is only too 
common to find the relief valves either set fast in their 
seats, or their springs rusted up solid, but on the sup- 
position of the crank being very near the centre, the piston 
and cylinder cover, or bottom, being absolutely rigid and 
there being no outlet for the water, the leverage of the 
other engine would be snfficient to ae any an almost 
infinite force in the connecting rod, so that it is easily seen 
that, practically, water in the cylinders might produce an 
excessive bending strain on the shaft. ; 

It is also difficult to estimate quantitatively the strain 
produced by slackness of the brasses, but in most engines 
the amount of steam cushioning is sufficient to reverse the 
direction of the pressure on the piston before the end of the . 
stroke, and the c of pressure in this case being 
— the slackness of the brasses is taken up gradually. 
n some cases, however, where there is no cushioning the 
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reversal of pressure takes place at the end of the stage be 
the full steam pressure coming on the piston suddenly, 

a blow, and an impulsive strain, is thrown on 
the shaft, the intensity of the strain depending upon the 
amount of slackness of the brasses. : 

Theeffect of the bearings being out of line is to throw 
the greater part of the su ing forces of the shaft upon 
one particular ing ; and although it is improbable that 
a very unequal distribution of the forces at the bearings 
would long escape attention, owing to the bearings becoming 
hot, yet in the case of a hot bearing, to which all engines 
are bo liable, ae bp ney of ~~ back the 
nuts of the cap, enti i i pressure 
on the up-steoke and for the wie Bmpr BH the shaft is 
in the position of having one bearing taken entirely away, 
whilst if two bearings were to heat at the same time the 
case would of course be rendered still more serious. 

In endeavouring to calculate the strains actually coming 
upon acrankshaft, we meet with a little difficulty. The 
forces acting upon the crankpins are found directly from the 
indicator diagrams, and from them the twisting moments on 
the journals are very easily calculated, but the twisting on 
the crankpins, and also the bending strains on both the pins 
and journals, depend also upon the forces exerted at the 
bearings ; even when the bearings are absolutely true these 
supporting forces;are difficult if not absolutely impossible 
to calculate exactly, owing to the want of continuity of the 
shaft itself, but when the bearings are slightly out of line 
the problem is still further complicated. 

I -_, made py my of yy F ccgaoee in he 
cases ve engines of different t, , for the purpose o' 

ascertaining the extent to which they might be increased 
by the bearings being out of line. In order to do this, I have 
found the strains on the various journals and crankpins 
under ordinary conditions, and also under the conditions 
that would exist if one of the bearings were taken away, this 
representing a limit beyond which the effect of untrue 
bearings is unlikely to proceed, whilst, as I have noted, it 
is by no means an unlikely condition for the shaft to be in. 
The strains are represented by the di ms, the base line 
representing the angular position of the crankshaft, in all 
cases starting from the forward crank upon the top centre, 
whilst the heights of the curves at any ordinate represent 
on the scale attached the strain the shaft is subjected to in 
that position. The curves show, first, the twisting mo- 
ment ; lly, the bendi t; and, thirdly, the 
twisting moment, which would, if acting alone, produce the 
same strain on the shaft as the bending and twisting mo- 
ments combined. ; 

In all these cases I have taken into consideration the 
weight and inertia of the movi rts, and also the 
obliquity of the connecting-rod, as I find the results very 
different from those obtained by neglecting them ; but in 
considering the bending moments I have assumed that the 
forces upon the bearings are concentrated at their centres, 
instead of being distributed along their length. This gives 
a result rather greater than would be obtained if we con- 
sidered them uniformly distributed, but as the same 
assumption has been made in the case of the bearings being 
taken away, the ratio of the strains in the two cases is 
lessened, because distributing the forces has a greater effect 
when the bearings are close than when they are far apart. 

I have considered it unnecessary to examine the cases in 
which the third or fourth bearings are adrift, as they will be 
practically the same as with the second or first bearing 
adrift. ia all the cases I have taken the forces at the 
bearings to be the same as they would be provided the shaft 
were of uniform section throughout, this being considered 
to be as near an approximation as could be e. (Fora 
mathematical solution of this problem see Appendix.) 

The first and simplest case that I have enis that of 
a single engine, which I will call Engine A. I have taken 
one of the compound type—in fact, the half of Engine B 
} a a meg me cylinder 48 in., and Jow pressure 83 in. in 

iameter ; length of stroke 5 ft., steam pressure 70 Ib. per 
square inch). In this case the forces at the bearings must 
be nearly alike, and the bending moment on the crankpin 
will be half the load on piston by half the span of bearings : 
the strains in this case are shown in Fig. 1* (see page 348). 
If, however, the effect of the other bearings was to support 
the shaft, so as to put it in a similar condition, as far as 
bending is concerned, as a girder fixed at one end and sup- 
— at the other, the maximum bending moment is 
-fourths of that given above, but it occurs in the aft 
bearing: the strains on this supposition are show by 
Fig. 2°. The actual strain must lie between these two 
cases, must be considerably nearer the first. 

If, now, we suppose the first bearing to be taken away, 
the strains on = after journal ane moze Oy ve. 3°. . 

From these diagrams, it appears in the working 
condition the shaft is deatned 1.38 times as much as it 
would be by the twisting moment acting alone, such a 
eckad tabinn sone Oe sepaenk of tee tareees tenting 

ect 0 ing a’ the support ‘0 
is to double the strain on the thaft. 

The twisting moment on the after bearing, and also on 
the tunnel shaft, is shown by the curve in a 1* and 2°, 
and from them it ap that in this engine the maximum 
twisting strain is 2.1 times the mean. 

The next case, Engine B, is that of a yo “= 
with four cylinders, the cranks being at 90 deg. he 
high-pressure cylinders are 48 in. in diameter, the low 
83 in. ; length of stroke, 5 ft.; steam pressure, 70 Ib. per 
square inch. This type of engine might also be taken to 
represent the simple engine with two equal cylinders, 
cranks at right angles. Fig. 1> represents the twisting 
moments e by each engine ; the upper curve represents 
the sum of the moments on the two engines, and is, there- 
fore, the strain on the tunnel shaft. Figs. 2*, 3°, 4°, 
and 5° represent the twisting, bending, and also the 
equivalent twisting moment upon forw: crankpin, 
second and third ings, and after crankpin when the 
engine is in good working condition. It will be seen that 
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G, , and S represent the ‘strains upon Phe. second 


, 
bearing, third bearing, and after pin, on the supposition of 
the first bearing being taken away ; in this case the second 
bearing is most strained. Figs. 9°, 10°, and 11° repre- 
-~ the strains Foe the ae in, en | Conta ane 
ter pin, upon the supposition of the second bearing being 
taken away, in this case the forward pin is most strained. 
In this engine it appears that the ratio of greatest to 


E esent the loads, all being measured positive i 
direction. 43 wae Game 


Let A F=a, B F=b, CF=c, DF=d, EF=e; take F as 
o , and F A as axis of #. 

e shall have the equations to moments, inclination 
and deflection in span E F involving all the forces, 
A, B,C, D, and E, and the spaces a,b,c, d, and e; those 
in span DE will be the same equations with the terms in- 
volving E and e omitted, and so on. 











mean twisting moments in the tunnel shaft is 1.37 tol; 
the cranks: 
would be caused by a twisting moment 1.15 times the 
greatest twisting moment in the tunnel shaft, when the 
engines are in good working order ; whilst the first bearing, 
being adrift, causes a strain on the shaft twice as t as 
that due to ordinary working, and the second ring 
adrift causes the shaft to be strained 1.36 times as much as 
when the bearings are in proper order. 

The next case, Engine C, is that of the commonest type 
of marine engine, viz., compound, with two cylinders and 
cranks at right angles ; and Engine D is also of the com- 
pound type, but the cranks are at an angle of 130 deg. ; in 
each case there are four bearings to the crankshaft. En- 
gine C has cylinders of 44 in. and 72 in. in diameter, a 
stroke of 3 ft. 6in., and steam pressure of 60 lb., whilst 
Engine D (see page 349) has cylinders of 26 in. and 52 in. in 
diameter, a stroke of 2 ft. 6 in., and steam pressure of 
80 lb. per square inch. 

The figures with the same numbers represent the strains 
on the same parts of the shaft as in Engine B, under the 
same conditions. It will be noticed that in Engine C the 
ratio of maximum to mean twisting moment is 1.48 to 1, 
whilst in Engine D, the ratiois 1.77 to1. In both engines, 
in ordinary working, the after crankpin is the part which is 
most strained ;Jin Engine C it is strained 1.11 times that 
due to test twisting moment, while in Engine D it is 
strained 1.05 times as much as the tunnel shafting. If the 
first bearing is taken away the shafts are strained in 
Engine C to twice, and in Engine D to 1.46 times that due 
to ordinary working, while slacking second bearing in- 
creases the strain on the shaft in the ratios of 1.43 and 
1.06 times in the two engines. 

The next case, Engine E, is also that of a compound 
engine with two cylinders ; the cranks in this case are set 
at an angle of 135 deg, but there are only three bearings to 
the crankshaft ; the diameters of the cylinders are 34 in. 
and 60 in., the stroke is 3 ft., and steam pressure 60 Ib. per 
squareinch. Fig. 1° represents the twisting moments or 
tunnel shafting, the ratio of maximum to mean being in 
this case 1.94 to 1. Figs. 2°, 3°, and 4° represent the 
strains on the forward pin, middle bearing, and after pin, 
in ordinary working ; in this case also the after pin is the 
greatest strained, it having to sustain 1.21 times the 
moment on the tunnel shafting. Figs. 5° and 6° represent 
the strain on the middle bearing and after pin when the 
first bearing is taken away. In this case, we see that the 
shaft is strained twice as much as in ordinary working, 
whilst when the middle bearing is adrift, the strains bein 
represented by Figs. 7* and, 8°, the shaft is strained 1. 
times as much as in ordinary working. 

These results show what a — influence upon the 
strains acting on a crankshaft the position and truth of 
the bearings exert; and in considering these strains it is 
to be borne in mind that it often happens that other causes 
are also at work increasing the strains on the shafting at 
the same time; for instance, we might have slack brassés 
in the connecting rods, hammering on te shaft at the same 
time as the bearings are adrift. It must also be noted 
that they are not strains which come only a few times 
on the shaft, for with the engines making 60 revolutions per 
minute they would be repeated 1000 times in 17 minutes, 
whilst in the case of the bearings being set out of line the 
strains this would cause (reckoning it only once per revolu- 
tion) would be repeated upwards of 86,000 times in the 
course of the day, running at 60 revolutions per minute. 
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APPENDIX. 


In a Girder of Uniform Section, supported on Four Piers 
and lo in the Two End Spans, to determine the 


wrt} Forces. 
Let AB CDE F be the girder, ACD F the piers, B and 
E the points of application of the loads. 

Call the supporting forces A, C, D, and F, and let B and 


t is subjected to a strain equal to that which | rent 5 











The integration constants will be different in the diffe- 
, and are represented by the suffixes to L and K, 
ly K, referring to span E D. 

In the following equations all of these constants have 
been determined, but to determine the supporting forces it 
is not necessary in individual cases to work them all ont. 

We have equation to bending moment at point 2. 

M=A (a—z2z)+B (b—2) +C(c—2z)+D (d—z)+E (e—2)= 
2 
PY EL 
d x* 


P2 dy. E.L=A(ae-5)+ a 
dea 2 


ex—x2? 
(“*)+« 


K being the integration constant. 
BE.L=a(22_* E 
y EL= —<? +...+ 
(=-F +Ke+L 


+E 


(a), 


; (8). 


We may omit E. I. throughout, as we are not required to 
find numerical values. 

These are the general equations ; those for the particular 
spans are obtained from them by the omission of all terms 
referring to forces or distances between these spans and the 
— as explained above. 

ow in span 5, if 
«=0, y=0 .*, from equation (8) L;=0 . 
also, if 
v=, Y=Ye 5 


“Ye = A(S*-5)+ ll (5-5) Kee Ls. 


In span 4, if 


(1). 


e e net e 
waa(t > te #D(SE-E)+ Ky er, 
“ES +K,+L,e=K,e+L, . (2). 
Also in span 4, if P 
ea, Y= Ya, 
a(22-2 +... +D(E-8 
6 2 6 


; - }+K,d+ Ly=ya 
In span 3, when 
od, y=ya 
A(<S-5)+ soe @O 
2 6 
dz ds 
(S-5)*® d+Ly=y (/). 
3 
“DO+K, d+ L,=K, d+L, (3). 
In span 3, when 
e=C, Y=Ve>s 
oo. Posse e+ K, c+Ls=ye ; 
and in span 2, when 
2 ¢3 “pe oN 
“r-F) +8 =~? +K, c+L,=ye (8), 
whence , 
C — + K,c+L,=K,c+L, (4). 
Similarly we obtain 
Be +Eb+%,=—,be . @ 


and in span 1, since if 
: a=a, y=0, 
we have . 
AW +Ka+L,=0 (6). 
From —a (a) we obtain 
In span 5, if 
“=e, : =f 


i= A ae-S)+...+B(S) +k 


In span 4, if 


i 
a Se 
ie = (2e—)+.-.+D(de—F) + 
A 2 z 
whence 


Be+K.-K, - 
Similarly by equating results for other spans, we get 
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J os ae 
CA+Ks-K, (9), 
BO 4K.=K (10). 


These ten equations enable us to express Kj... K;, Ly 
... bs intermsofA...E,a...¢. 
From (2) and (7) we obtain 
Ee 
L,—L,= = 
from (3) and (8), 


6 
Cc3 


> 2 


_ Bb 
_ er 


6 





similarly, 
L,—L,= 
L,—L 
also from (1) 


0, 
whence also, 


L,= - Ee’, 
6 
L,=—4 (E e3+D d), 
L:= -3 (E e®+D d3—C c*), 
L,= — Le? +D d3 + c? +B 2). 


From (6) we have 
K, a=—L\— 


Aa’. 


es K-1 e+... +Bb*—2 Aa), 
a 
and from (10), (9), (8), and (7), Ks, Ks, K,, and K,, can be 
determined. 


These equations hold good whether points D and C are in| 9 


line with Aand F or not; or in other words, the integra- 
tion constants are the same whether the girder is just touch- 
ng piers D and C before being loaded or not. f 

‘o obtain the actual values o: — rting forces in the 
case where the unloaded girder would just touch the piers 
we have in equations (7) and (8) 


eeias ya = Oand ye = 0, 
A (“=-7)* ae +0(S2—2) +Ks d+ Tao (Y); 
and 2 S 
A (“¢-< ) +B (3-5) +™ e+L,=0 (8), 
also we have the conditions of equilibrium 
A +B +C +D+K + F= (€), 
Aa+Bb+Cc+Dd+Ee =0 (2), 


making four equations to determine the four quantities. 
Ewample.—Suppose d=2 e, cm4e, b=5 e, a=6 e, we have 
L,=-5 (E+8 D), 
L,= -< (E+8D+64C 8) 
K,=5 (E+8 D+640 +825 B—482 A) ; 
' K,=< (E+8D+64 C—325 B -482 A), 
K,=* (B+8 D- 2240-325 B-432 A). 
Substituting these values (7) and ®) become 











a 240 A +169 B+104 C+16 D+2 E=0 
an 
192 A+122 B+ 640+ 8D+ z-oh 
also 
6A+ 5B+ 40+ 2D+ E=0 
whence - 
A=-8B+3E o=-8B= : 
p=-SE-18B, ... p= - SESS. 
As a second case we will now assume the support at A 
withdrawn 


The equations will be the same with the terms A and a 
omitted, and there will be no terms involving suffix 1. 

We shall have as before, 
Ee* 7 
— +Ks e+L,=K, e+L, 

3 
Be +K, d+L,=K; 


8 


d+Ls : Ch 


+K, c+L,=K, c+L, 
and 

He'+Ks=K, 

my tReHKah 8) 
Ce? 





+K =K, 
and from these we get as before : 
L,; — L,= > > 


Dds 


leas 


Ls -L,=2° ; 





and also as before : 
o—"“9 
whence =e 
=-— =F 
I4= e” 


i<a = 7 (Be? +Da), 


hh — 5 Ber +Da+Ce"), 


Also from equation (3) we get : 
since y=0 when z=c, and in this case A=0, 


B (3-3 +, c+L,=0; 
1 bez ¢3 
“.K,c=i(e+D d* +C c*) -B (3-3): 
= ( +C c*) a7 
w= lk (Be +Dar+ 0o%)—B( -) 
6c 2 6 
and from equations (12) we may obtain K;, K,, and K;. 


To obtain actual values of supporting forces we have as 
before, equation (7) : 


bd?_d* ed? d3 
Bi —_—-.= C( ——-— }+K,d+L,—0 
(3 3) *0(53 | he emp (13) 
Bb+Cc+Dd+Ee—0 
and B+C+D+E+F =0 
to find C, D, and F, 
Ezample.—Same girder as before : 
L.=-- e (E+8D), 
1 bc_¢ 
Ka=§,(Ee+D d+ Oe) —B (22-5 
e Bez 
=7(E + 8D+64 C) > (60-16), 


2 
= 5, (E+8 D+ 64 C—176B), 


x, «EK os = ce +8 D—128 0-176 B, 


therefore equations (13) become . 
a B+? +5, (B+8 D—128 C-176 B)—= (E+8D)=0, 


which reduces to 
72 B+48 C+8D+E 
nd 


5 B+ 4C0+2D+E 


-. 
B+ C+ D+E+F=0 
from which we obtain 
38E-52B ,_24B-22E ,__ 4B+13E 
c= » D= , ra 
32 32 
The next case to consider is where the second pier or 
support C is wanting. This is also the case of a girder 
supported on three piers, and loaded in each span. 

e may conveniently deduce this case direct from the 
general case, by assuming the support C to move a 
near to D, that is let c—d, and the supporting force wi 
then evidently be C+D. 

We then get the equations 
sy, 
L,=-% Ge), 
=-3 (Ees+D d*), 
Li=- te e®+Dd*+0 d?), 
L,=-4 (Ee3-+D d°+C d°+B b8), 


K\= - (Ee*+D d*+C d*+B b?—2 A a’), 
a 


K,= K, - ae 


=0 


) 


and 





And to obtain actual values of A, C+D and F we have 
same point)— 
A (F-5 + BCL _& 
2 
and 
Aa+B b+C d+D d+Ee=0, 
A+B+C+D+E+F=0, 
E xample as before. 
P a=6 €, b=5e, cm I=2e, 


(Note: (Y) and (8) become identical, having reference to 
; : 5) Ks d+L,=0 . (8), 
three equations from which to obtain A, (D+C) and F. 
L,=—5 {E+8D+0)}, 


K,=5, (B+8(D+0) +125 B—482 A} , 


K,=5 {E+8 (D+C)—325 B—482 A}, 
aa you 
oA + SE + = (+8 (D+0)— 825 B—492.A) ~ 


4{B+8 D+ ©) =0,} 


240 A+169 B+16 (D+C)4+2E=0 
6A+ 5B+ 2(D+C)+ E=0>, 

A+B+(D+C)+E+F =0 
where 43B 88 E+31B 10 B—28E 
pale eit ch c)=- F= i 
A —— (D+C) a? rm 
Another Example.—Let a = 10 ft., b=8ft., cmd=5 ft., 

— ft., which is a special case of one bearing at centre. 
ere 








Ly = - rt E+125(D + ©)} 


K, = 7, {8B+125(+0)+ 512B — 2000}, 
Ky = J {8 B+125 D+0)-1408 B— 20004 }, 





and the napeione become 
Sa +O B+ £ (8B +125 (D+C)—1408 B— 2000 A }— 
5 {8E+125(D + 0)=}o, 
or 
750 A +458 B+125(D+C)+8 E=0 
10A+ 8B+ 5(D+C)+2E=0;, 
A+B+(D+C0)+E+ =0 
mnene® os 1998 142 
An BE Dt O=— XS B+E), F= 
21B — 129 
Se O 





THE SCREW PROPELLER. 
A Few Years’ Ewperience of the Screw Propeller, its 
Lessons and Results.* 
By Arruur J. Maginnis. 

OF all the numerous matters connected with steamships 
which have en, the attention of scientific men, that of 
the screw propeller seems to be the most intricate and in- 
comprehensible. 

A study of the numerous pent and articles which have 

written reveals how widely opinions differ on its many 
subjects, and also points out the strange fact that — 
rience (the most perfect instructor in other steamship 
matters) has up to recently taught but little of the proper 
proportions of pitch, surface, diameter, or shape, although 
it has given severe and costly lessons of the great stre 

uired both in the various sections of the boss and 
and in the mode of fastening it on the propeller shaft. 

A brief glance over a few gl experience and study of 
the various propellers and their effect on the steering of 
large ocean steamers may perhaps throw some light on this 
great engineering enigma, and afford some information’ of 
practical use. 

The construction of the propeller has of late undergone 
some ¢ from the old style of a solid casting, owing to 
the great increase in the size, which entails considerable 
sound mica largo cst iron proper of stable strength 
sound metal, a cast-iron pro} suitable 
weighing from 21 to 25 tons. 

e mode of construction now most in favour is that of 
having a boss with the blades bolted to it by flanges, as 
shown in Figs. 1 and 2 (see next page). This mode for pro- 
pellers of 16 ft. in diameter and upwards is superior to the 
solid cast-iron ones, although there is the great objection to 
them, that the first cost is from two to four times greater, 
but notwithstanding this drawback, they are gradually 
superseding the old style. 

en this method first came into use, objections were 
raised to it owing to some of the bosses having split or 
broken, as shown in Fig. 2, and also on account of the 
bolts breaking, which caused the blades to be lost. 

Owing to the failures of the earlier cast-iron bosses, other 
metals have been tried, such as steel, gun-metal, brass, and 
in one instance wrought iron, but, with the exception of 
the latter, the great expense will alwa; prevent their 
general use, as a moderate sized boss;of those materials 
would cost from 901. to 1401. per ton, or, say, from 6001. to 
10001. for many sizes at present in use of cast iron. 

The difficulty of obtaining a sound forging of 4 ft. or 5 ft. 
cube has up to quite recently prevented wrought-iron being 
used, but the one in use at present, which is of the largest 
size, has given excellent results, and price is not so 
high as to be a serious objection, being about 25 or 30 per 
cent. more; however, cast-iron bosses have proved to be 
most satisfactory, and when designed with due regard to 
oe costae strength, will be found most suitable and re- 

e. 

The | square-edged flange of the blades shown 
in Figs: 1 and bel considered most objectionable on ac- 
count of increasing the resistance in revolving through the 
water, Messrs. Vickers, of Sheffield, have introduced a very 
neat and suitable style of boss ; this arrangement, as shown 
in Figs. 3 and 4, consists in having ‘an * recess in 
the boss, into which the flanges of the les are 
fitted, so that the fillets of the four blades, together with a 
small portion of the boss, form a complete circle. 

The bolts attaching the blades to the boss have been the 
cause of very great ‘oy and trouble, but fortunately 
the difficulty has now got over, by the use of larger 
sections and best quality of steel, the nuts being now made 
of either steel solid ended, as shown in Fig. 4, 
the best Lowmoor iron omen ended and covered with Port- 
= cement rd —— beat the Coston ¢' the wabee, 

coming su propeller 

i i i that notwithstanding. 


ies, 


out 
blade, by Mr 
the most in favour. form, shown in 
is almost the only one in use on the large steamers 
from Li 1 many trials of patented forms, a fac 
which w lead one to believe that taken altogether it 
possesses most of the various qualities requisite for a 
serviceable propeller. 
blades of the propeller have been made of almost 
ible shape, form, material, number, and pitch— 
one proposing that they should be bent f ; another 
that should be bent backward ; another that the point 
of the should be in advance of the root ; another that 
* ae read at the twentieth session of the Institution 
Architects. 


of Na 














352 


ENGINEERING. 


[Apri 25, 1879. 








the root should be in advance; another that the blade 
should be straight ; another that the horizontal sections of 
the blades should be concave; another that they should be 
convex ; another that they should be the shape formed by 
an actual screw thread; another that they should have a 
large diameter; another that they should have a small 
diameter, and so on, until the owner or engineer of a steam- 
ship knows not which to act upon, or what to do, and the 
strangest thing of all is, that they are supported by tabu- 
lated statements and records showing the superior advan- 
tages of the so-called improvements. Figs. 9 to 12 show 
various shapes which were successively tried and found 
to be unsuitable, as their forms necessitated a thick medial 








flange of blade 




















have been used on the same steamers directly under his 
notice, the following particulars which have been compiled 
from the logs of three of the largest Transatlantic steamers 
will show in a brief form some interesting information, 
the voyages made with the different propellers being placed 
together when they have been made under similar circum- 
stances, that is, the same length of time out of dry dock, 
the same state of weather, displacement, &c., as near as 
possible, so as to show the fairest comparisons under the 
many circumstances which materially affect the screw 

ropeller. In addition to these, the results obtained from 
M.S. Iris, which are the most remarkable experiments 


yet made, are also given similarly arranged. 
Flange of blade 
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section to prevent them breaking at or about the | 


parts shown, as was the case with many; another | page. 
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Tables giving these particulars are given on the following 
By these results it will be seen that propellers of 


serious defect was the great vibration caused by them. | small diameter have in each case proved the most eco- 
nomical and effective, that on the steamship Alpha having 


Several of the principal styles of patented propellers have 
also been tried, but when the propeller required renewal 
they were given up on account of not giving such superior 
results as would compensate for their extra expense and 
— in making. 

Of all the numerous shapes of blade tried up to the 
present time, that shown in Fig. 6, or slight modifications 
of it, has proved the most satisfactory, and is now almost 





| 


| 


given a reduction of 3 per cent. slip and 111 tons of coal 
on round voyage, and an increase of 3 knots per hour in 
speed ; that on the steamship Beta gave a reduction of 2.4 
per cent. slip and 63 tons of coal on round voyage, and an 
increase of half a knot per hour in speed ; that on the steam- 
ship Gamma gave a reduction of 2.1 per cent. wy and 
152 tons of coal on round voyage, and an increase of half a 


the only shape in use on the Transatlantic steamers. The | knot per hour in speed. 


advantages of this form are that it has proved to possess 
the required strength with a moderate sectional thickness, 
it is thoroughly reliable in all weathers, and has lessened 
the vibration considerably. 

Concerning the question of the number of blades a pro- 
peller should have, numerous trials have been made, the 
results given by the two-bladed propeller are that they 
drive the vessel well, but with almost every form of blade 
they cause vibration, and there is the decided objection to 
them of being easily disabled. Three-bladed 
have also been tried and have been found to be al 


a 
together | 


| 
} 
| 


unsuitable for large fine lined steamships, as they cause | 


excessive vibration. Six blades have a.so been tested but 

ve no improvement, and under all conditions the four- 

laded propeller has been found to answer the purpose best, 
and is consequently the most in favour. 

We now come to the much vexed questions of pitch and 
diameter, the relative merits of pitches coarse or fine, uni- 
form or varying, or of diameters large or small having 
long been subject of serious consideration to marine 

eers; the writer has during the past few years 
eavoured to obtain some reliable statistics bearing on 
them; as propellers of both different pitches and diameters 





In the case of H.M.S. Iris the particulars are taken 
from the reports published in the Times, and by them 
it will be seen that the smaller propellers proved 
much superior, having driven the vessel at a speed of 18} 
knots per hour, which the larger propellers were totally 
unable to do; the smaller propellers also gave a speed of 
16} knots (the maximum of the larger) with about two- 
thirds of the indicated horse power. The consumption on 
the trials has unfortunately not been published, but if we 
assume it to be 2lb. per indicated horse power the saving 
of fuel effected at this speed would be about 42 cwt. per 
hour, or 50 tons per day, and at a speed of 12 knots about 
13 ewt. per hour, or 16 tons per day. 

_From the foregoing it is evident that the small diameters 
give the best results, and also (excepting in the case of the 
Iris) that the existing pitches are a little too coarse, for if 
the speed of piston will allow it, a slightly reduced and 
more uniform pitch will be found advantageous in many 
ways, as was found to be the case with the Gamma, the 
piston — yan bee raised from 460 ft. to 520ft. per 
minute by the smaller propeller, and since the increase the 
engineers have reported the _— working of the ma- 
chinery to be greatly improved. 


The superior qualities of the present favourite shape of 
blade have also served to bring about some of the foregoing 
improvements, but especially to reduce the vibration ; it will 
also be noticed that the form of blades which gave such 
good results on the Iris are exactly similar to those now in 
general use on the Transatlantic steamers. The different 
—- used on these occasions are shown by Figs. 6, 7, 
and 8. 

The next subject to be noticed concerning the screw pro- 
peller, owing to the great expense which it causes, is the 
extensive corrosion which takes place on the back of the 
blades ; to so serious an extent } > this corrosion take 
place that it renders the life of a large cast-iron propeller 








= 
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extremely short, being only about two years and a half 
when in constant service. Steel blades are also affected b 
it, but improved steel has lately been introduced, whic 
has been found to last from three to four years. 

The cause of this corrosion has, like every other matter 
connected with the propeller, given rise to much difference 
of —, the most general being attributed to the vacuum 
at the back of the blade ; but as corrosion also takes place 
upon the driving face of the blade along by the leading 
edge, some other means must be at work to have such an 
effect. Having carefully examined many propellers which 
had been condemned owing to their corroded condition, it 
is the writer’s opinion that the great cause of itis the 
formation of some chemical by the mixing of the atmo- 
sphere and salt water which attacks the iron; this mixing 
is caused by the descending blades of the propeller when 
crossing, the top centre having displaced the water, and 
also formed a partial vacuum at the back of the blades, 
which then draws in water highly charged with air, other- 
wise foam, and if the vessel be light, pure air, which will 
be carried down into the water by the blades. 

Many arrangements have been designed to prevent this 
corrosion, such as fastening zinc plates to the backs of the 
blades, and also iron plates. Covering the blades with a 
coating of vulcanite has been tried, but it would not re- 
main on owing to the friction. A Po d cement coating 
has also been used, but with no better success. Another 
design, which has recently been brought out in New York, 
to prevent the corrosion, is to perforate the blades of the 
propeller with holes, the diameters of which decrease as 
they approach the circumference; the holes are also 
countersunk on the driving face of the blade. Numerous 
other advantages are claimed for this improvement, which, 
if on trial prove effectual, will more or less revolutionise 
screw propellers. The usual course of the corrosion is 
shown in Figs. 11 and 12, the blade A showing the driving 
side, and B the back side, the darker coloured parts being 
those where the corrosion is quickest. 

The mode of attaching the propeller to the shaft is a point 
of which it cannot be said that experience has taught 
nothing, as almost daily accidents occur which show the 
necessity of great care being used when fitting on a pro- 
peller. If the boss be not a perfect fit on the shaft it is 
not to be expected that the keys will be able for their 
work, nor is the propeller nut to be depended upon to keep 
tight. Several cases have come under the writer’s notice 
during the last few years of disablement, through apparent 
defects in the keys, whereas if the boss had been care- 
fully fitted the keys would have been found amply strong. 
One of these cases was that of a new cast-iron propeller 
which had been put on with the old keys on the return 
of the vessel; the propeller was reported loose on the 
shaft, and on examination it was found that one key was 
sheared across, and that the boss had been working toa 
serious extent ; after this a careful fit was made and keys 
of the same dimensions fitted with a result which proved 
they were of ample section. The method often adopted of 
putting the keys at right angles is open to serious objections 
owing to the great difficulty they present to make the boss 
a proper fit, and should never be adopted with large pro- 
pellers, but where there are two keys, which is always 
desirable, they should be placed oo to one another. 
Another danger in the fastening of propellers is that of 
allowing too short a length of key, which renders it liable 











to be sheared across or to fracture the boss; the latter 
defect is often found to take place when the propeller boss 


















































































































































AprRIL 25, 1879.] ENGINEERING. 353 
STEAMSHIP *“ ALPHA.” 
Large propeller: Diameter, 23 ft. 6in. ; pitch at boss, 26ft.; at periphery, 33ft.; mean, 30 ft.; surface, 124 square feet. 
Small propeller: Diameter, 21 ft.; pitch at boss, 29 ft. ; at periphery, 30 ft. ; mean, 29 ft. 6in. ; surface, 153 square feet. 
i 
OUTWARD VoYAGE. HoMEWARD VOYAGE. 
VoraceE. 
Average . Total Average : tal 
Revolutions. Average Slip. | Average Speed Consumption. Sioechuilies. Average Slip. | Average Speed. Commie: 
Large. Small. | Large. Small. | Large. Small. - Small. | Large. Small. . Small. | Large. Small. | Large. Small. 
Per minute. Per cent. Knots per hour. Tons. Per minute. er cent. Knots per hour. Tons. 
A ae aad 53. 54.8 11.9 6.1 14.7 15 873 905 54.8 11.7 6.1 14.7 15. 925 825 
B ans eee ooo] 58.5 56.1 10.5 9.8 14.1 14.7 1016 915 53.4 54.8 6.6 6.7 15. 15. 940 885 
Mean ... / | 58.25 58.4 11.2 7.9 14.4 14.8 944 910 52.5 54.8 9.1 6.4 14.8 15. 932 855 
Home ... Pa we} 52.5 9.1 14.8 932 Out 55.4 7.9 14.8 910 
Round voyage eco] 52.8 10.1 14.6 1876 55.1 7.1 14.9 1765 
e propeller =a ro oo | 52.8 10.1 14.6 1876 
Results Small propeller _.. 55.1 7.1 14.9 1765 
ee In favour of small ... ooo | ase pee 3. 3 111 
STEAMSHIP * BETA.” 
Large propeller: Diameter, 23ft. 6in. ; pitch at boss, 26 ft. ; at tg , 33 ft. ; mean, 30 ft. ; surface, 124 square feet. 
Small propeller: Diameter, 21ft.; pitch at boss, 29 ft. ; at periphery, 30ft.; mean, 29 ft. Gin. ; surface, 153 square feet. 
OUTWARD VOYAGE. HomEWARD Voyraae. 
VorYAGE. 
Average : Total Average : Total 
Revolutions. Average Slip. Average Speed. Consumption. Revolutions. Average Slip. Average Speed. Consumption. 
Large. Small. | Large. Small. | Large. Small. | Large. Small. | Large. Small. | Large. Small Large. Small. | Large. S 
Per minute. Per cent. Knots per hour. Tons. Per minute. er cent. Knots per hour. Tons. 
A 52.4 56.1 9.1 8.8 14.8 15.6 874 810 52.3 55.4 8.9 6.3 15.4 15.4 928 845 
B die | 51.8 54.6 14.5 12.3 13.8 14.7 955 833 51. 54.9 12. 11.8 14.4 14.6 759 902 
Mean «+. , i 55.4 11.8 10.5 14.3 15.1 915 822 51.6 54.6 10.4 9. 14.9 15. 844 874 
Home ... ooo | O16 10.4 14.9 844 Out 55.4 10.5 15. 822 
Round voyage ove «| 51.8 11.1 14.6 1759 55. 9.7 15, 1696 
Ps Large propeller... oe 51.8 11.1 14.6 1759 
Results { ee Small propeller 55. 9.7 15.1 696 
oge In favour of small ... eee eee 2.4 5 63 
STEAMSHIP ‘“*GAMMA.” 
Large propeller : Diameter, 21 ft. 6 in.; pitch at boss, 29 ft. 6 in.; at oui , 32 ft. Gin. ; mean, 31 ft.; surface, 128 square feet. 
Small propeller: Diameter, 20 ft.; pitch at boss, 27 ft. 3 in. ; periphery, 28 ft. 7 in.; mean, 28 ft. ; surface, 124 square feet. 
OUTWARD VOYAGE. HoMEWARD VOYAGE. 
VoyAGE. 
Average : Total Average : Total 
Revolutions. Average Slip. Average Speed. Consumption. Revolutions. Average Slip. Average Speed. Consumption. 
Large. Small. | Large. Small. | Large. Small. | Large. Small. | Large. Small. | Large. Small. | Large. Small. | Large. Small. 
Per minute. Per cent. Knots per hour. iTons. Per minute. er cent. Knots per hour. + Tons. 
A ese id 5.9 52.6 2. 9.6 12.3 13.1 777 46.8 51.6 8.5 2.8 13.8 13.8 672 593 
B ins oa ‘ 45.4 52.9 17.4 13. 11.4 12.1 872 755 46.2 53.4 3.6 2.7 13.6 14.3 672 723 
Mean ... eee «| 45.6 52.7 14.7 11.3 11.8 12.5 824 691 46.5 52.5 3.5 2.7 13.7 14, 672 653 
Home ... pe | 46.5 3.5 13.7 672 Out 52.7 11.3 12.5 691 
Round voyage ee) 9.1 12.7 1496 52.6 7. 18.2 1344 
leems propeller eee 46. 9.1 12.7 1496 
Results... | Small propeller 52.6 7. 13.2 1344 
In favour of small ... ove 2.1 5 152 
H.M.S. “‘ Iris.” 
Large propellers: Diameter, 18ft. 6 in.; mean pitch, 
Fig. 1S _ 18 ft. 6 in. 
—_ Small propellers: Diameter, 16 ft, 3 in. ; mean pitch, 
rg ‘ * 20 ft. 6 in. 
‘ “ ss, : Consumption 
. *»., Speed] average a ge at 2 lb. per 
' ” pour, [Revolutions.| power Indicated 
Pee pS aie: “ ; ‘ Horse Power. 
™ { P yeteey ms \Large. Small.|Large.Small, . Small. 
12°|65 61 | 2561 1887] 45.7 382.8 
162 | 87.9 86 7478 5182) 133.5 91.6 
18} 97 7734 188 
Indicated 
— | Speed. Horse Consumption. 
Power. 
wet A) knots. less. amieih 
‘a . . per hour= 
Ford end 28S | " - { 16 tons per day. 
2°32 > 16} 2346 is ewt. per hour= 
a © 50 tons per day. 
a* E) 18} 


is cored ont in the inside and the key only fitted in the | 


forward end as is generally the case. 


The nut securing the boss on the shaft has in a few in- 
stances given trouble by slacking back and injuring the 
rudder post ; to avoid this the nuts should in all cases be 
fitted on a screw of an opposite hand to the propeller, that 
is if the propeller be right hand, the nut should be fitted 


left hand, and vice versd. 


At the present time much difference of opinion prevails 
as to the question of solid cast iron or movable bladed pro- 
pellers ; on this question the following incidents which have 
occurred will perhaps be of some service. 
alarge Atlantic steamer when shifting docks a few days 
before the date of sailing, fouled the dock wall with her 





Some time ago 









dock, whereas 


propeller and broke off one of the blades; this accident, 
though slight in itself, was enough to prevent her sailing, 
as to have a new prepeller she would require to go into dry 
it been a movable blade, it could have 
been replaced when the vessel was afloat, and thus allowed 
her to sail at the appointed time. 
of a large steamer on the south Pacific coast which broke her 
propeller, and was detained some wecks,until a caisson to fit 
the stern was built so as to get at the propeller, as there was 
no dry dock large enough to admit her. 

another steamer with a movable bladed a 
the blades when|within a few days’ sail of a Brazilian port, 
into which she sailed and replaced the blades by lightening 
the ship aft, the delay being one week, of which only two 


Another case was that 


On the other a 
propeller, broke all 













































days were occupied in taking off the old stumps and putting 


ou the spare blades which she had on J 
ied with disc ingand replacing the cargo. 


being occupi 


board, the other days 


Other objections to the solid propeller are their great size 
which occupies so much cargo space when they are carried as 
spare, and in case of breaking off one blade the entire pro- 


lier has to be condemned, and again an entire propeller 
Soe always to be kept in reserve, as they occupy so lon 
time making, say, from eight to nine weeks, so t 


hat 


although the first cost of the movable style is from two to 
three times as expensive as the solid, the great advantages 
they possess of quickly and easily effected 


The Table on 


the 


— which pre- 
vents serious delays, has proved them to bet 
Following page, showing the particulars of 


e most useful. 
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PARTICULARS OF PROPELLERS OF 


LIVERPOOL STEAMERS. 
















































































| . 
Pitch | Material "Diameter of Cylinders. 8 | é 
= 
hr nt. | or Lett | E r s 
NAME OF STEAMER.| § > lus Weight. | or Left | igh Low 2). HAPE. 
= At | At | & 2 Hand. | alles Pressure.| § | 32 4 
& | Boss. | Peri. |Mean-| 3 Boss. | Blades. £ es | 33 
FS | a we No.| Dia. | No.| Dia. | & | = | BM 
ft. in. |ft. in. |ft. im. /ft. in. |sq. ft.| | tons ewt in. in. ft. in. 
Iberian. .. «21 0/25 0/29 0/26 4| 111| 4/ Steel Stel | 18 1 | Right 1] 56 | 2] 78 |5 0} 52 | 14 | Ordinary Griffiths’. 
City of Berlin (2L 6 | me | we (8L 6! 150 4| Castiron |Castiron| 20 0 1} 72 | 1/120 |5 6] 56 | 1 - % 
Rritannie .. ....23 6 |26 0 (83 1/30 0| 124 4)| Wrght.iron| Steel | 21 13 sa 2} 48 | 2] 8 |5 0] 52 | 15 a s 
Bothnia --/20 10 (26 6 29 7 28 1/ 113, 4| Castiron | Steel | 15 10 9 1} 60 | 1/104 | 4 6} 52 | 13 - ” 
Ohio ol TON... wo 126 0) .. | 4] “a es oud 9" 1} 57 | 1} 9 |4 0 13 9 ” 
Sardinian 20 © 24 0/26 6 25 6| 7 > 4° Castiron | Steel | 16 0 | Left 1) 60 | 1/104 | 4 0} 54 | 134 - 99 
| | 











tie propellers of some of the largest steamers sailing from | 


Liverpool will show the general practice and dimensions 
now used, 

Of the many and varied ways in which a propeller may 
become disabled, it may be of interest to mention a few of 
the most remarkable. In 1873 the Celtic fouled some 
floating wreckage off the south coast of Ireland, and lost 
the entire propeller. In 1874 the Scythia struck a large 
whale and broke off three blades. In 1877 the City of 
Berlin became disabled by the keys in the propeller boss 
having fractured the boss, to their own depth, or in other 
words turned out the metal, as shown in Fig. 15. Another 
peculiar disablement of propeller is shown in Figs. 13 and 
14; this occurred to the City of Chester in 1878. As may 
be seen, the propeller broke through the boss, losing two 
of the blades, but the fracture not being large enough at 
the after end to clear the shaft’s diameter, it hung in its 
place until the vessel arrived in — 

Throughout the year 1878 there were upwards of 33 
cases of disabled propellers reported in one of the a 
daily papers (not a ro ), and no doubt this would be 
but a small fraction of the large number which had actually 
taken place. 

Attention has been called in another portion of this paper 
to the square-edged flanges of the blades, owing to the 
great power absorbed in driving them through the water ; 
another serious addition to them is the thick medial sections 
of the blades, which have of late years nm made extra 
thick owing to the many breakages. Itis to these points at- 
tention must be turned in order-to increase the efficiency 
of the screw pro lier by an improved mode of attaching 
the blades, which will allow of reduced size and different 
shape of boss, and the adoption of a r priced 
metal of great strength combined with lightness, which 
will allow of a great reduction in the sectional thickness. 
A step in the right direction has been taken by Mr. 
Howden, of Glasgow, who some time ago in a paper read 
before the Institution of Naval Architects brought forward 
in a most lucid manner the great loss occasioned by the 
present form of propellers owing to the foregoing defects, 
and has designed a new principle of construction, which 
bears about it a look of being up to its work, although men 
long experienced in the subject have stated that it looks 
weak about the root of the blade, still when the at 
reduction in the useless area and the thin sections of the 
blade be considered it may prove amply strong, a fact 
which a short trial on a large steamer would soon show. 

As almost everything in the matter of speed, safety, and 
prestige which © steamship companies and owners 
value so hi ny rest upon the eye being thoroughly 
reliable and efficient, it may be of interest to note what 
experience has taught as to the design of large propellers 
with their metals and forms in use up to the present time, 
rejecting the various ones proposed, for, as stated above, 
so much depends upon it, owners are exceedingly averse to 
trying experiments, as one of them remarks, ‘‘ they prefer 
the safe to the scientific.’’ 

For propellers of 16 ft. diameter and upwards the 
system of having the boss and four blades separate is the 
best, the former being made of superior cast-iron annealed, 
care being taken not to have it cored out too much (as this 
has caused the failure of many); the blades should be of the 
improved steel recently introduced, and of the shape 
shown in Fig. 6, with a good substantial section, the 
thickness at the root being from }in. to § in. for each foot 
of diameter, about 2in. in from the tip, the thickness 
should be about lin. or 1} in., the points of the blades 
should be bent from 2 in. to 3 in. aft of the straight or per- 
pendicular line of medial section, commencing about 





2 ft. 6ft. from the tip, the horizontal sections on the back | 


of blade being convex of increasing radii as they approach 
the tip and on the driving or after face slightly convex at 
the root, gradually decreasing until they become straight. 
The pitch should not vary more than 2 ft. at the most, and 
should be fine enough to allow the engines to work at a 





LLOYD’S YACHT REGISTER.* 
By Dixon Kemp, Associate. 

Yacuts may be regarded as the production of the pre- 
sent century, as although it is on record that during the 
Tudor era, vessels built for pleasure were described as 
** yachts,”’ they were merely Government vessels, intended 
for the use of royalty, and officers of State. At the com- 
mencement of the present century there were, perhaps, 
twenty yachts in existence, owned by private individuals, 
but their exploits were confined to the sheltered water in- 
side the Isle of Wight, with Cowes for head-quarters, as 
yachting inthe Channel might have been attended with in- 
convenience at that period. However, in spite of French 
cruisers, and the confined limits of yachting, a taste for the 
new pastime was rapidly developed, and in 1812 the fifty 
noblemen and gentlemen who then owned hts formed 
themselves into a yacht club, which club blossom 
into the present Royal Yacht Squadron. From that period 
the number of yachts rapidly multiplied, and the fashion of 
yachting gradually ag all the moneyed classes. The 
great progress yachting has made during the last half- 
century can be gleaned from the following Table, which 
shows the number of yachts there were Glove 10 tons at 
different periods from 1812 to the present time. 


Year. No. of Yachts. 
1812 des 50 
1850 400 
1864 650 


1400 


Besides these there are some 500 yachts of 10 tons and 
under, bringing the total up to nearly 2000. 

The early yachts were mostly built on the plan of the 
revenue cruisers of the period, and the shipwrights’ con- 
struction of these cruisers was generally followed. How- 
ever, it was soon discovered that the amount of timber used 
in the construction of a revenue cruiser was quite unneces- 
sary for a yacht, and the scantlings got lighter and lighter, 
and some owners, who personally superintended the build- 
ing of their yachts, dispensed with many of the through 
fastenings, and the longitudinal framing in the shape of 
limber strakes and bilge strakes. These, however, were 
exceptions in yacht construction. Yacht building had be- 
come a recognised branch of industry, and the builders, 
whilst not displaying much originality in their designs, 
wisely built with sufficient regard to strength and dura- 
bility. There is evidence existing of this, as one yacht 
built sixty years ago on the Colnef is at present cruising in 
the Mediterranean, and another,t fifty-four years old, is one 
of the most noted racing yachts of the period. A schooner 
fifty years old was recently bought for cruising in the 
Bosphorus, and besides these there are several yachts to be 
found in the ‘‘ Yacht Register’? whose ages range from 
thirty to fifty years. These facts can be accepted as evi- 
dence that the first yacht builders used good materials, 
and had an ae scheme of scantling and fastening. 

As the number of yachts increased competition for their 
construction was extended. The immediate effect of this was 
that the builders’ price per ton varied, and as a consequence 
the quality of the material and work varied also. At the 
same time another influence was at work which ly 
assisted in reducing the sizes of the scantling, even belaw 
what those owners had ventured upon to whom reference 
has already been made. Match sailing in 1851 became a 
pastime—nay, almost a rage—and for the sake of carrying 
a large quantity of ballast on any given displacement, the 
frames were made much lighter than was prudent, their 
spacing was increased, and the skin was dangerously re- 
duced in thickness, and frequently only of soft wood. 
Beyond this, the sharpness of the form of the bottom which 
the exigencies of yacht racing had introduced almost pre- 
cluded the use of grown floors, as they could not be found 
with sufficient dead rise, or if they could the throat-bolt 
had to follow the grain of the wood, which was highly ob- 
jectionable. This led to the introduction of various plans 


piston speed of from 500 ft. to 560 ft. per minute ; however, | of floor construction, some of which were expensive and 
these statements may be subject to many conditions, and | decidedly advantageous, whilst others were cheap and 
from the strange results which have of late been obtained |weak. In fact the greatest freedom was allowed builders 


from propellers, and which have overthrown the long 
secnnieel rules and theories, it seems to the writer that 
on this subject no stated rules can a ply, as almost every 
steamer requires a certain propeller, which unfortunately 
only well-watched trials will show or reveal, but it may be 
safely said that the engines, as a rule, are at present over- 
weighted or overscrewed, the pitches being slightly on the 
coarse side, and the diameters unnecessarily large. 








SOUNDING THE CHANNEL.—The work of sounding the 

nel in view of a tunnel between France and England 

is still proceeding. Up to the end of February, 7971 

soundings, varying in depth from 50 to 100 fathoms, 

=e ~ a and over geological specimens were 
obtained. 


| 





in their systems of construction, and although some of 
them displayed considerable mechanical skill in obtaining 
strength whilst reducing the weight of material, others 
showed very little of that skill, and many weakly-built 
vessels were the consequence. An occasional reference 
would be made to Lloyd’s rules, but, as a rule, builders 
were apt to these rules with a kind of superstition, 
and appeared to believe that if any yacht were built up to 
them, she would necessarily be nothing better than a mer- 


* Paper read at the twentieth session of the Institution 
of Naval Architects. 
+ The Pearl, 160 tons, built by Sainty, of Wivenhoe, for 
" oe of Anglesey, in 1818. 
e Arrow, 117 tons, built by Inman, of Lymington 
for the late Sir Joseph Weld, in 1822. ’ . 





chantman, both in looks and in sailing qualities. Occa- 
sionally, during the last twenty years, a yacht was built 
under Lloyd’s, and actually classed ; but the total number 
of these clemand wood yachts in 1877 had only been twenty. 
The owners’ aim ap to be to get a vessel built as 
oa as possible ; the builders’ aim to use as little ma- 
terial, and that of as indifferent a quality, as his conscience 
or judgment permitted him to think would be necessary for 
the yacht to keep together for four or five years. Lloyd’s 
rules were contemned for two urgent reasons ; the first of 
these reasons the builder admitted to himself only, that is, 
by carrying the rules out to the letter he could not build a 
—_ without charging considerably more per ton—per- 

ps as much as 30 per cent.—than the owner would 
be pleased to pay. The second reason was told to the 
owner, and was to the effect that a vessel of very much 


ed | heavier scantling than was used for a yacht, and one very 


much stronger than was necessary, would be obtained if 
the rules were conformed to. The builder could appeal to 
his long experience in yacht building, and declare that he 
could in every way build a more satisfactory yacht accord- 
ing to his own rules than could be produced if he built 
according to Lloyd’s rules. On the other hand, certain 
other builders built as closely to Lloyd’s rules as possible, 
both in quality and quantity of materials, and adopted the 
system of fastening pom a | by these rules. Still the fact 
remained that a large number of yachts were constructed 
in an unsatisfactory manner, and no one was more sensible 
of this than the builders themselves ; and the wish was 
frequently expressed that Lloyd’s would issue specially 
modified rules for the construction of yachts. But it must 
be confessed that the number of yachts that were any 
built hardly justified Lloyd’s moving in the matter, and, 
moreover, so far as known, those most concerned, the 
owners, had expressed no general wish for Lloyd’s to inter- 
fere. However, the yacht navy gradually increased in 
number and importance, and in 1876 had reached propor- 
tions which justified a movement to place = construc- 
tion under some such definite guidance as Lloyd’s society 
exercised over the construction of merchant ships. Mr. John 
Harvey, the Wivenhoe yacht builder, was the originator of 
the movement, in this way. In November, 1876, he ad- 
dressed a letter to me on yacht construction, in which 
occurred the following passage : 

** Lloyd’s registry of British and foreign built ships bears 
now, and has enjoyed for many years past, such world- 
wide reputation for integrity that one feels as safe in the 

archase of a vessel, or in the insurance or underwriting 

er, according to her standing on the list, as if every 
timber and fastening were open to inspection. Seeing that 
the general public are thus guardianed, we ask ourselves 
the question why any gentleman who is about to purchase 
or build a yacht should not have a similar protection? 
Some agree that it would be better to build yachts in accord- 
ance with‘ the directions given in Lloyd’s book; but there 
are reasonable objections to this, as an unnecessarily heavy 
and costly structure would be produced; and thus seeing 
and admitting that the unsatisfactory system of building 
yachts‘under no special survey continues, I submit that the 
state of things points to the necessity of framing a set of 
rules to be observed in the building of yachts such as 
— have framed for the construction of merchant 
vessels.” 

From such knowledge as I had of yacht construction I 
could not but agree that Mr. Harvey’s scheme was an ex- 
cellent one, and one wich ought to meet with favour. I 
advocated it warmly, and was fortunate in obtaining the 
co-operation of many well-known and influential yacht 
owners and yacht builders of high repute. A committee* 
was formed, and preliminary steps taken towards establish- 
ing a society sinter to ‘* Lloyd’s Register of Shipping. 
When the scheme was made public, Lloyd’s society, divin- 
ing exactly what was required, came forward, and offered 
to undertake the whole of the work that had been sketched 
out at the preliminary meetings of the “‘ Yachting Lloyd's. 
This was at once recognised as a great advantage, as 
Lloyd’s society had the machinery ready to hand for 
making surveys, and it was already foreseen that the pro- 
posed new society would experience some difficulty in 
obtaining and supporting duly qualified surveyors. Lloyd's 

dopted the sch in its entirety ; formed special rules 


* For the sake of completing the history of the founda- 
tion of the ‘‘ Yacht Register” the names of this committce 
are herewith recorded :—Marquis of Exeter; Mr. Frank 
Willan; Mr. G. C. Lampson; Mr. Clement Millward, 
Q.C. ; Captain J. W. Hughes ; Count Batthyany ; Captain 
Garrett, R.A.; Colonel ; Mr. W. Baden- 
Powell ; Colonel Dugmore ; Sir Richard Sutton; Mr. W. 
B. Forwood ; uis of Ailsa; Mr. W. Cathbert Quilter ; 
Colonel Gamble ; Mr. A. D. Macleay ; Mr. Benjamin Nichol- 
son (Messrs. Camper and Nicholson) ; Mr. John Harvey 
(John Harvey, Ship and Yachtbuilding Company); Mr. 
Dixon Kemp; Mr. J. A. Welch. 
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for the building, equipment, and classing of wood, com- 
posite, and iron Epoery issued a — Sook containing 
these rules, which book contains a list of yachts and such 
particulars as it is necessary should be known concerning 
them. ‘“‘ Lloyd’s Yacht Register’ has now been in exist- 
ence one year, and as evidence of its usefulness I may state 
that during that time over one hundred vessels have been 
classed, or about three times as many as have previously 
been classed throughout the whole term of yacht building. 

The general body of yacht owners are perhaps still not 
thoroughly alive to the advanta of building under 
Lloyd’s ; or, are unacquainted with the disadvantages or 
dangers of not doing so. A yacht to them is just the same 
thing, and still a yacht, whether she be classed or unclassed ; 
and as yachting or cruising is usually confined to day pas- 
sages from one port to the next port on the coast, it is not 
likely that any serious accident will occur to the general 
run of yachts that would convince owners that it would be 
an advantage if their yachts were However, that 
many unclassed yachts are imperfectly constructed there is 
not the smallest doubt, and there will be but little difficulty 
in showing this. 

In the succeeding remarks it is not my intention to make 
any elaborate exposition of the system of yacht construc- 
tion. There is nothing wonderful about that system, and 
my object in calling attention to the subject is simply to 
justify the existence of the ‘‘ Lloyd’s Yacht Register.”’ In 
the first place, I may remark that the rules for building 
which have been issued yp tomy have been approved by 
those yacht builers who have hitherto been distinguished 
for the excellence of their work ; in fact, the rules were 
based upon the practice of these builders, and by making 
that practice the standard for comparison the faults of 
construction can readily be traced. course it can still 
be urged that for racing purposes a yacht built up to Lloyd’s 
scantlings would be at a disadvan’ if matched against 
one of lighter scantling ; this is loubtedly true for any 
given displacement, as the yacht of lighter scantling would 
carry more ballast, have, as a consequence, greater stability, 
and would carry a larger area of canvas. But obviously 
this could be said if Lloyd’s had pitched their standard ve: 
much lower ; and they were not ex to provide for the 
manufacture of stability for the benefit of racing yachts in 
framing their rules, but rather to provide rules, by build- 
ing under which a yacht owner could be certain of obtain- 
ing what, asa prudent man, he required, a strong and 
durable hull. 

But whatever faults the exigencies of competitive sailing 
may cause builders to commit in the matter of scantling, 
there is no reason why they should not, even for racing 
yachts, adopt a proper system of fastening. It is even more 

rtant that a racing Fe should be properly fastened, 
and have great longitudi strength, than it is that a 
cruising yacht should be—that is, if she is to be equally 
durable. Even if the scheme of scantling is reduced a little 
below what is required by the rules, the fastening should 
not be tampered with ; yet, oddly enough, imperfect fasten- 
ings form one of the most patent faults in the construction 
of racing yachts. 

I will now briefly glance at some of the more prominent 
features of yacht building with a view of showing where 
defects in construction usually occur. In the first place I 
will refer to materials. Lloyd’s rules provide that a term 
of years shall be assigned to a class according to the nature 
of the wood used in the construction, and enjoin that the 
wood must be of good quality and generally free from de- 
fects. The frames or p can be of teak, oak, pine, elm, 
greenheart, &c., as the builder pleases, and so can the 
planking be of any of these woods or of all of them 
mixed. But almost without exception the frames of 
yaehts are of English oak, and they are usually well 
squared, with their butts properly shifted, dowelled, 
or chocked. It is not, however, uncommon to come 
across a frame in some vessel whose butts come on 
the same plank; and sometimes the frames of the after 
body owing to their not having been canted, are anything 
but square. Generally frames are free from sap, but sappy 
timbers are, however, sometimes admitted into a yacht ; but 
as a rule more care is taken in selecting the frame than is 
generally supposed. Some small yachts are single-timbered, 
and there appears to be no objection to this plan of framing 
if the timbers are in whole lengths,’ and are not grain-cut ; 
occasionally, however, a yacht is built with single timbers 
in two or more badly shifted lengths, and are grain-cut, 
besides, in the way of the bilge. Of course these yachts 
when under way work badly and leak, and would not be fit 
to keep the sea for any length of time. 

The dead woods are frequently wholly of English elm; 
and, as owing to the sharpness of yachts fore and aft, the 


dead woods are deep, and much of them confined, the elm is 
apt to decay. As enjoined by Lloyd’s, the uP portions 
of the dead woods that have to be housed should be of more 


durable wood, such as English oak. 

For planking, pitch pine is largely used, but there is a 
serious objection to pitch pine if worked “ between wind 
and water,”’ or in the neighbourhood of the load line; 
yachts are frequently laid up from year’s end to year’s end, 
their sides get dry, and pine is a w that is very 
damagingly influenced by alternate wet and dry treatment. 
According to ‘ Lloyd’s Yacht Register,” pitch pine is 
admissible (in the fourteen years’ class) if only used to the 
light water line, with English oak bends and teak topsides, 
and American elm garboards ; but by working all the plank 
in pitch pine the class would be reduced five years. The 
best known builders take great care in having proper shifts 
to the butts of the planking, but frequently a yacht is met 
with where butts come one above the other in a way that 
must seriously interfere with the fore and aft strength of 
the structure. 

I have already said that grown wood floors are now 
seldom used, and an excellent substitute for these are iron 
floors cast to the pattern of wood floors. Another kind of 
metal floor has been introduced by Messrs. Harvey and 


Ty | now 








Pryer ; it consists of lead cast to pattern, but with angle 
iron inserted to stiffen the arms of the floors. Either the iron 
or lead floors are found of the utmost advantage in yacht 


and the through fastenings are not as frequent as the 
should be; everything, in fact, consistent with the vem 
hanging together without docking for oe for a year or 


designing, as they form of themselves an important quantity | two, is sacrificed to save a ton or so of weight. So im- 
of ballast, and in the best possible position for influencing portant is this considered for success in competitive sai ing 
the stability of the yacht. that five years Mr. John Harvey introduced a m 


When these iron or lead floors are used a kelson is us’ 
fitted over them in the customary manner, and the fasten- 
ings are arranged in exactly the same way as they are in 
similar shaped wood floors. During the last twenty years 
Messrs. Camper and Nicholson have used cast-iron rn 
in vessels of all sizes from 40 to 600 tons, and their expe- 
rience of such floors, combined with that of other builders 
who have used them, points to the conclusion that such a 
form of floor construction is one that can be followed with 
advantage. The lead floors of Messrs. Harvey and Pryer 
are equally satisfactory, but are not so likely to Ss generally 
used on account of their costliness. 

Another form of floor construction (see Fig. 1, page 356) 
has come much into use of late, and altho: f ** floors,’’ as 
generally understood, are entirely dispe with, the con- 
struction has many advantages, and is wholly unobjection- 
able if properly planned. A main keel is laid down, and upon 
this another keel, called also a kelson, and hogging piece is 


worked ; the heels of the frames are brought down to the | closel:; 


sides of these keels, and step-butted into a joggle or into a 
stepping line. Inside on the backs of the frames a wrought- 
iron knee-floor is fitted, and fastened through the frame 
and plank, and through the kelson and keel. Sometimes 
these iron knees, especially in small yachts, are fitted to the 
sides of the frames, and if iron fastenings are used in their 
arms it is best that they should be so fitted, on account of 
the copper sheathing. Sometimes, however, the fastenings 
are not driven through the plank, but clinched on a ring 
on the face of the frames; this plan may secure the iron 
bolts from attack by the copper, but it is objectionable on 
account of the difficulty o —— the iron knee-floor 
without disturbing the plank. It will be found necessary 
to occasionally remove these knee-floors in consequence of 
the action of the lead ballast, of which nearly all yachts 

carry a portion. A short time since, on examining 
two yachts which had not had their ballast out for five or 
six years, it was found that many of the wrought-iron 
knees were decayed by the continual action of the lead, and 
there is no doubt that in cases where the lead and iron 
come in contact under the influence of salt water they should 
very frequently be examined. The metal bolts that are used 
for fastening the iron floors appear to have but little dele- 
terious effect on the iron, and so far as present experience 
goes are preferable to iron bolts. 

I have said that this form of floor construction is an 
advantageous one if rae lanned ; but it is not always 
properly planned, and then nothing can be said in its favour, 
as it becomes dangerous. A construction to all appearance 
exactly the same as the other has been resorted to, and, 
indeed, the only difference is, that the heels of the frames 
are not butted into the side of the keel. The fastenings 
are, generally, exactly similar in arrangement, but often 
only a couple of iron spikes are used to connect the heel of 
the timber to the side of the keel. Several large yachts 
have been constructed on this careless plan, the builder 


trusting to the strength of the fastenings h the heels 
of the frames, to the iron knee floors, and to the garboard 
and the plank to up through the 


—— the keel goin; 
bottom of the yacht in case she got ashore or was laid 
ashore. 

No harm came of this plan until two years ago, when a 
vessel weighing about 120 tons ran ashore on some rocks. 
The gar is were split and crushed out of the rabbets of 
the keel, and had not the water been smooth there is not 
much doubt that the keel would have been thrust up 
through the bottom, as the iron knee floors would not have 
prevented it- Asa proof of the kind of bumping a yacht 
with a properly constructed floor will stand, I may mention 
that two years ago a yacht weighing about 150 tons, fitted 
with the lead floors and kelsor of Messrs. and Pryer 
previously described, struck on the subm extremity 
of the Needles rocks in a strong wind, when she was going 
about 114 knots. The sea lifted her and she struck a second 
time, and the next sea curried her over. The shock was 
so great that a piece of the outside lead keel as large as 
one’s head was crushed out, and the bolts of the cheeks of 
the mast were broken; but the hull was in no way injured. 
There was a slight wrinkling of the copper extending over 
a radius of 5 ft. and 2ft. immediately about the two places 
where the keel struck, but none of the plank shifted nor 
was there any leakage. Of course a yacht with such a bad 

lan of floor construction as I have just described would not 
be admitted to a class by Lloyd’s in the ‘‘ Yacht Register,” 
and I only called attention to the fact that such yachts have 
been built in order to show the need of rules and surveys 
whilst building. we 

The longitudinal strength of yachts has up to within the 
last two or three years not mage | been much considered ; 
and even at the present time yachts of considerable ton- 
nage are built without even an internal bilge strake running 
along the heads and heels of the timbers. These vessels 
are necessarily weak, and show their weakness very plainly 
by wrinkled copper in the way of the bilge, and by making 
water in a seaway. Frequently when bilge stringers are 
worked they are of some unsuitable wood, such as pitch 
pine, or American elm; and farther, these are onl, im- 
perfectly through fastened, not at all corresponding to the 
necessary fastenings requi by Lloyd’s. In fact, one of 
the most common defects of yacht building is a deficiency 
of through fastenings, often none being found excepting at 
the butts. The through fastenings, such as they are, are 
generally of yellow metal, and the only fault is that their 
number is so few. : oe 

There is no doubt that yacht racing, as before indicated, 
is largely responsible for weakly constructed vessels ; the 
plank is a little thinner than it ought to be, the top timbers 
are smaller, the general spacing of the timbers is too great, 





ually | elaborate plan of double skin construction worked over 


alternate sizes of timbers. By this plan he saved as much 
as 25 per cent. in the amount of material used in constract- 
ing the hull ;. and as the = has now been satisfactorily 
vents’ clate in the“ Yasht' Heeisiee,” thor be saree 
years’ in the “ i ” it can be assumed 
that this plan is approved. : 

When an old t comes up to be classed it is generally 
found that her frame and plank are sound, and of sufficient 
siding and moulding, even if the frames are opneee a little 
too widely ; and it is further found that she been put 
together with some regard to appropriate shifts of butts ; 
but she generally exhibits a weakness in the matter of 
through fastenings, and under any unusual strain, such as 
would result from encountering a gale of wind of a day or 
two’s duration, she would assuredly have made such weak- 
ness very patent. In making surveys for the classification 
of old vessels, Lloyd’s surveyors scan the fastenings very 
y, and as a rule it is found that yachts built during 
the last decade, if additionally fastened, are otherwise 

igible for a high class. 

: a Fae Y- a oe beams go are pro- 
perly see . 2, page 3; bu men the 
through fastenings are insufficient in the chat eel die, 
where it is so necessary that the different parts of the struc- 
ture should be securely bound together ; sometimes, too, 
in yachts of 40 tons and under no shelf, such as could be 
termed so, is fitted—nothing but a clamp a little thicker 
than the thickness of the p. Such constructions are 
not very creditable to those who plan them, and would not 
be countenanced by a thorough shipwright. Happily these 
yachts are few and far between, and the influence of the 
Pe Register’’ will no doubt cause their disappearance 

er. 

Before closing this paper I should like to call attention 
to two matters contained in-the rules in the ‘* Yacht 
Register.’’ The first of these relates to the length of scarphs 
allowed inkeels. The maximum length of scarph required 
is 6 ft. for a 500-ton vessel, and 3 ft. 8in. for one of 15 tons. 
For a yacht of 100 tons the scarph must be 4 ft. 6in. Now, 
I believe that either of these scarphs are shorter than any 
of the builders would work to, on account of the t 
moulded depth of the keels, and I am sure that when a 
scarph is necessary in the keel of a 15-tonner, which is not 
often, that it is not less than 5ft. long. The other matter 
to which I referred relates to the use of treenails; in the 
rules contained in the “ Yacht om sees it very clearly 
points out how treeuails can be used, and how the using of 
them will affect the classing of a yacht ; in this res: the 
rules are explicit and clear, as they are in all other re- 
spects, but the matter Ihave some doubt about is the 
employment of § in. treenails in FS py of only 40 tons. 
The timbers of such a yacht would be 4in. squared, and 
many § in. t ils through such a frame would very con- 
siderably weaken it; and further, the size of treenail is 
disproportionate to the size set down for a yacht of 100 
tons, which has a frame 6in. squared, and 1 in. treenail. 
I am inclined to think that the use of treenails should cease 
at60 tons, and a 5-in. frame; and I believe that, as a rule, 
they are not used by builders in yachts whose frames are 
smaller than 5 in. sided. 

I think 1 have said enough to prove that there existed a 
sufficient need to justify Mr. Harvey’s proposal to establish 
a society for the supervision of yacht building ; and if that 
society was not established it was only because Lloyd’s 
came forward with a still better echeme, ready prepared 
and in immediate working order; and further, Lloyd’s 
committee, from their experience of composite and 
wood vessels, were able to supplement the rules with appro- 
priate schemes for composite and iron yachts. In This 
respect ‘‘ Lloyd’s Yacht Register” will be found of most 
important service, as, whilst many composite and iron 
yachts were built of undoubted strength and durability, 
—_ = many were weakly built and of very inferior 
ma A 





New Pier ror Lone Brancu.—Messrs. W. B. Scaife 
and Sons have been shipping materials for an iron pier which 
is being erected at Long Branch. ‘The principal portion goes 
in the shape of 127 tubular iron girders, weighing about 
1800 lb. each, made of plate and angle iron, and wrought- 
iron tubes, rivetted in sections of about 20 ft. each, making 
one of the finest samples of rivet work to be seen in the 
United States. The pier is to be 600ft. in length, with a 
roadway of 25 ft., widened at three points to 50 ft., with 
room for buildings for various purposes. 





New York Anp Havers. —A new steamship line between 
New York and Havre is in contemplation. It is called the 
Merchants’ Express Line to Havre, and will be under the 
management of Messrs. Funch, Edye, and Co., shipbrokers, 
of No. 27, South William-street, New York. The new 
line will carry freight exclusively. The firm have made 
arrangements with owners of vessels in Denmark, by which 
they are to be supplied with steamers sufficient to send two 
fortnightly from New York. Already they have secured 
four iron steamers, viz., the Volmer, Freja, Hermod, and 
Harald. These vessels will sail under the Danish flag. 
The Volmer is 1531 tons, 150 horse power, built at Copen- 
hagen in 1876, and will be commanded by Captain Hansen ; 
the Freja is 1364 tons, 150 horse power, build on the Clyde 
in 1875, and will be commanded by Captain Olsen; the 
Harald is 1531 tons, 150 horse power, built at ——— 
in 1876, and will be commanded by Captain Bonde. The 
new line is simply an experiment; if profitable, it will be 
permanent. 
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MECHANICAL SHIPBUILDING 
(For Description, see Page 341.) 
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NOTICES OF MEETINGS. 

INSTITUTION OF CiviL ENGINEERS,—Tuesday, April 29th, at 
8 pm. 1. “The Paving of Street Carriage-way,” by Mr. G. F. 
Deacon, M. Inst. C.E. 2. “Wood as a Paving Material under 
Heavy Traffic,” by Mr. 0. H. Howarth, Assoc. Inst, 0.E. 

INSTITUTION OF SURVEYORS.— Monday evening, April 28th, 
a paper will be read by Dr. W. Allen Sturge, entitled, “« The Dis- 
posal of the Sewage of Paris, with especial Reference to the Sewage 
Farms of Gennevilliers.” The chair will be taken at 8 o'clock. 

Socrety oF ARTS.—On Wednesday —s April 30th, the dis- 
cussion on Mr. John Hollway's paper (read February 12th) on “ A 
New Process in Metallurgy,” will be renewed. The chair will be 
aken at 8 o'clock by Professor Henry E, Roscoe, F.R.S. 
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PRIVATE BILL LEGISLATION. 

WE have long entertained doubts whether the 
practice of Parliament in relation to Private Bills 
has yet attained that perfection which some of its 
admirers attribute to it, and some recent proceed- 
ings which we have been watching have tended 
greatly to increase that impression, 

Considerable space and energy have occasionally 
been devoted in these pages to pointing out the 
difficulties under which the promoters of private 
measures labour through the legislative impediments 
thrown in their way, and we have tried hard to 
impress upon the official mind the fact that cir- 
cumstances vary as time progresses, and unless the 
beaten groove is altered to correspond, a deadlock 
must ensue. The private business of the present 
and, at least, two preceding sessions indicate con- 
tinuous languishing in that direction, and there is no 
hope, according to present appearances, of brighter 
prospects in the future. 

What with forfeitures of deposit and the modern 
onerous qualifications for directors, together with 
other crippling enactments, a pretty effectual stop 
has been put upon commercial enterprise in the way 
of independent Bills for public works, and civil en- 
gineers unpatronised by a magnate company may 
as well shut up shop at once or carry their brains to 

another market, for the supply greatly exceeds the 
demand here under present regulations; while as 
regards existing companies, other than railways, the 


late brilliant idea of paring the interest down to a 
gradual approximation to a funded rate cautions 





them rather to bear the ills they have in peace than 
seek redress under the inevitable penalties attending 
applications for further Parliamentary powers. 

or many years past Private Bill legislation has 
virtually been in the hands of one individual. Com- 
mittees of both Houses adjudicate upon and 
Bills, but this is only a secondary proceeding. The 
Parliament of the United Kingdom, so far as Private 
Bills are concerned, is stowed away in a little room 
of the House of Lords, and from the autocratic 
power there officiating there is practically no appeal. 
We cannot help thinking that a vast amount of ideal 
legislation has been the consequence. 

The latest popular move in Parliamentary applica- 
tions has been in the direction of tramways; this 
session there has been a large numberof them not only 
in and about the metropolis, but including almost 
every town of note as yet unprovided throughout 
the kingdom. New tramways are in disfavour in 
certain quarters, so much so in fact, that before the 
present sitting of the House of Lords was a week 
old, notice of motion was given for the appointment 
of a Committee to inquire into the regulations which 
it may be desirable to impose in relation to the “ con- 
struction and use of tramways.” ‘The conclusions 
of this Committee we publish on another page of 
the present issue. 

Tramways, if theyare any goodat all, are an accom- 
modation for the poorer classes ; they offer no attrac- 
tion to the rich; on the contrary, the rails are supposed 
to be in some way or other an impediment to carriage 
traffic, which latter of course it is the first care of 
every true Briton to keep in the highest state of 
preservation as something conducive to general 
happiness, and to which his own humble require- 
ments must in all cases be subservient. 

Tramway Bills involve some nice peculiarities 
from which other Private Bills are free, and among 
these is the consent of the local authorities for two- 
thirds the length of the proposed line. In practice 
this is often very difficult to obtain. The whole 
parish may be almost unanimous in favour of the 
project, but the select few, constituting the vestry, 
town council, or local board, choose to be adverse to 
all innovations, and require a vast amount of pres- 
sure of various kinds, mental and otherwise, to re- 
move their prejudices, Sometimes it happens there 


:] are two authorities in the same parish or town, one 


called the local authority and the other the road 
authority, and the grandees of the Standing Orders 
with their usual wisdom and forethought have pro- 
vided that in such cases the consent of both bodies 
is necessary, 
Most people acquainted with local institutions 
know that antagonism is their ruling principle. The 
pleasure of thwarting one’s adversary is sometimes 
dear even to the individual breast, but between rival 
local authorities it may be considered as paramount. 
It is consequently no wonder that the mere fact of 
one authority having approved a scheme is all-suffi- 
cient to secure its rejection by the other, and in fact 
this double authority places a practical prohibition 
in the way of any measure where the two bodies 
come into conflict. This is exactly what has hap- 
ned to a Tramway Bill of the present session, and 
rings us to the object of our present remarks, which 
is to point out the anomalous character of dual Com- 
mittees in Parliament, the expense which in some 
respects they entail upon the promoters of Private 
Bills, and other objectionable matter concerning 
them, and the Bill we have alluded to forms a good 
illustration for the purpose. 

The Bill in question relates to a town where there 
is a local authority and road authority as contem- 
plated by the Standing Orders. There were two 
competing schemes for supplying the town with 
tramways: one obtained the consent of both au- 
thorities, the other was agreed to by the town 
council only. The Standing Orders Committee of 
the House of Commons considered the promoters 
of the second Bill had made out such a case of ex- 
planatory and extenuating circumstances as entitled 
their Bill to be allowed to proceed, and it accord- 
ingly did proceed through other stages in that 
House ; but when it suited the convenience of the 
Lords to call their Standing Orders Committee to- 
gether to consider the case, they summarily rejected 
the Bill, which was accordingly lost. 

As matters stand, this conduct is perfectly legiti- 
mate; it is open for the Lords to say we are not 
mere nonentities sitting here to confirm the de- 
cisions of the Commons; we have a will of our own, 
and when it so pleases us we will exercise it; and 
they might add if we have crotchets and prejudices 





also, our will will take the same direction as they 


do. On the other hand, the public might urge that 
to reverse a decision of the Commons upon precisely 
similar evidence, looks something like treating it 
with contempt, and saying in effect that the Com- 
mons Standing (rders Committee is an incompetent 
body, or otherwise the rejection of the Bill must 
have arisen purely from prejudice against tramways 
in the abstract, and a determination to throw all 
such Bills out whenever the slightest pretext can 
be found for doing so. The whole affair is further 
objectionable, as opening up a question of hereditary 
ability against personal ability; and irreverent 
people are apt to think that in such a comparison 
the balance is greatly in favour of the latter qua- 
lity. In the meantime the unfortunate promoters 
of the Bill have all the House fees to pay as though 
their measure were progressing to a favourable issue 
in the first House. 

This state of things has been prevalent ever since 
the appointment of joint examiners for Standing 
Orders in both Houses, and whatever its demerits 
this much can be said in favour of it, that it is better 
than the custom which preceded it, where a Bill 
passed entirely through the first House before its non- 
compliances were adjudicated upon in the second. 
The system is nevertheless still open to improvement. 
The immediate improvement which we would 
suggest in this respect, is a suspension of the rules 
of the first House as to presentation of the petition, , 
and the first and second reading of the Bill, until ° 
the second House has decided whether it will waive 
the Standing Orders, thus saving the promoter of 
the Bill the fees payable on those stages uncom- 
plied with if an adverse decision is arrived at: but 
the real and only permanent cure for remedying 
the conflicting decisions of the two Standing Orders 
Committees would be a joint Committee consisting 
of members of both Houses. 

ne Committees on merits, too, would 
be equally efficaceous and acceptable so far as the 
public is concerned, they would moreover obviate 
the dissatisfaction so often felt and freely expressed 
when the second decision is adverse to the first, 
Besides which, there is nothing novel in the ap- 
pointment of joint Committees in Parliament, as 
they have almost invariably been resorted to upon 
occasions where important matters requiring to be 
dealt with by both Houses have to be considered, 
although the present question of tramways appears 
to have been an exception to the general rule. 
In Private Bill practice they would save House 
fees, counsels’ fees, and payments to witnesses, and 
probably halve the present charges and disburse- 
ments attending an application to Parliament. 

Although the members of both Houses can be 
virtuously eloquent when occasion offers upon the 
excessive cost of Private Bills, few of them perhaps 
know, and all ignore, the fact that the most im- 
ap item in the expense attaching to private 

ills isthe House fees. ‘These fees produce annually 
an enormous sum, which no political economist, as 
far as we know, has ever yet humbled himself much 
about inquiring into the application of, but which if 
investigated might probably produce some interesting 
results, At all events, it would be a move in the 
right direction if what we may fairly term surplusage 
fees, such as those before alluded to, were abolished ; 
and it might also be worth considering whether in 
cases where Bills are rejected in the second House, 
some sensible abatement of fees might not be made 
upon all the stages through which the Bill had pre- 
viously passed, especially when the present mode of 
levying the tariff is taken into account. 
We are aware that all we have said is open to the 
objection that it is directed solely to meet public 
convenience, which we fear detracts considerably 
from its value even if appreciated upon other 
grounds. The promoters of the Bill we have cited, 
too, will probably derive small consolation from our 
sympathy, but if Parliament is amenable to convic- 
tion, our observations may have the effect of draw- 
ing attention to what is undoubtedly a hardship 
upon persons similarly situated, and thus effect a 
salutary change for the future. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 

SELpom during the annual meetings of the Institu- 
tion of Naval Architects have fewer papers been read 
on shipbuilding or naval architecture proper than this 
year, and perhaps seldom has there been so many 
papers on matters relating to marine engineering 
= screw propulsion. These latter were of course 





increased in number considerably by the offer of 
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the Carlyle medal, but we fear very much at the 
expense of the average standard of excellence. By 
far the best papers on these subjects had no con- 
nexion with the medal competition at all, viz., those 
by Mr. Wright of the Admiralty, on the trials of the 
Iris, Professor Cotterill “On the Minimum Area of 
Blade in a Screw Propeller necessary to form a 
complete Column,” and by Mr. J. 8, Milton, of 
Lloyd’s Register of Shipping, ‘‘On some of the 
causes of Failure of Cran fts in Marine En- 
gines.” 

We have in a previous number remarked upon 
Mr. Wright's paper, which we published in extenso 
last week, while in haat ene issue we give Mr. 
Milton’s interesting and valuable communication. 
It is worthy of the careful study of all those who 
desire to grasp the nature and extent of the straining 
action that goes on in crankshafts, and leads so 
often to their rupture, and the scope of the argu- 
ment and deductions are easily followed, whether the 
reader is able to follow the mathematical investiga- 
tions or not. The strainson crankshafts have often 
been the subject of investigation and anxiety, owing 
to the great mortality of such shafts, As Mr. Milton 
says: “ Of all parts of marine engines that which re- 

uires to be renewed most frequently isthe crankshaft. 
The majority of breakdowns of machinery at sea 
are caused by broken shafts, whilst those that break 
at sea are a small portion of the total number which 
are condemned and replaced owing to serious flaws 
being discovered in them.” The ground taken up by 
Mr. Milton is, we believe, new, at any rate we are 
not aware of any one before having endeavoured to 
combine the bending and twisting moments of a 
crankshaft in anything like a quantitative form. 
The twisting forces have been discussed, and we 
published in 1875* epee containing investigations 
on the subject, read by Mr. R. Sennett, of Her 
Majesty’s Dockyard, Devonport, before the Institu- 
tion of Naval Architects. We also published} a 
paper by Mr. Arthur Rigg covering somewhat similar 
ground, and read before the same Institution. Mr. 
Milton, however, is by no means satisfied that the 
twisting strains contain the real secret of the failure 
of so many crankshafts, and in extending his in- 
vestigation to the bending strains he pays particular 
attention to those abnormal conditions of the bend- 
ing strain which — even probably, occur not 
unfrequently, and which it is only reasonable to 
suppose do the mischief. 

The three causes which tend to throw great and 
abnormal strains on the shafting are put by Mr. 
Milton as ‘‘ the presence of water in the cylinders, 
slackness of the brasses, and also the bearings being 
out of line.” The amount of the first of these Mr. 
Milton does not attempt to calculate, but he shows 
that with the relief valves set fast in their seats, 
the piston and cylinder ends rigid, no outlet for the 
water, andjthe crank approaching the centre, the 
thrust on the connecting rod might be almost in- 
finite. In fact we should get one of those cases 
where something must give way, and the unlucky 
part is too often the crankshaft, In the discussion 
which followed on the a pe Mr, West, chief sur- 
veyor to the Liverpool Registry, argued that the 
lead of the valve would allow the water to escape, 
but, as Mr. Milton pointed out, if this were so there 
would be no necessity for fitting relief valves to the 
cylinders. As a matter of fact every engineer should 
know that the lead of the valves cannot be depended 
upon for this purpose, hence the fitting of relief 
valves, and the severe nip on the shaft arising from 
water in the cylinder is of course contemplated only 
when the relief valves are stuck fast on their seats 
or rustedup, as unfortunately they too frequently are. 

The main point of Mr. Milton’s paper is, however, 
as will be seen, devoted to an investigation of the 
increase of strain that would arise from the bearings 
being out of line, or the brasses being slacked. ‘To 
get an exact solution of the problem is practically 
impossible, but a limit can be obtained. Mr. Milton 
first finds the strains on the various journals and 
crank-pins under ordinary conditions, that is, sup- 
posing all the bearings true, and then he supposes 
one or other of the bearings to be removed. ii hese 
investigations are made quantitatively for five 
engines of different types with very interesting 
results. They show that in the several types of 
engines taken, the maximum twisting moment 
varies from about once and a third to twice the 
mean twisting moment with the bearings in proper 
working order. Also that under the latter condi- 
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tion the greatest stress on the crankshaft may exceed 
one and a third times that on the tunnel shaft; 
whilst with the first bearing off the greatest stress 
on the crankshaft may be more than twice, or with 
the second bearing off once and a half times, the 
greatest stress on it when in proper working order. 

The paper contains a very large amount of 
good, sound, honest work, and succeeds admir- 
ably in combining scientific investigation with 
practical experience, and in a way that can- 
not fail to advance the knowledge of the 
profession. Indeed it is one of the healthiest signs 
in connexion with the younger generation of both 
naval architects and marine engineers, that they 
aim more at combining these elements, and securing 
sound quantitative results, than at speculative 
theories, which end in long equations, very [pretty 
in themselves, but of very little or perhaps no use 
to the practical world. 

The discussion was scarcely worthy of the paper. 
The most noticeable feature in it was the statement 
made by Mr. Maginnis that the cause of so many 
failures in crankshafts was the repeated concussions 
to which they are subject, and which crystallise the 
material. He instanced the number of these blows 
or concussions that would take place in an Atlantic 
voyage, and stated that in the White Star steamers 
they allow from +; in. to in. play in the brasses of 
their engines. Mr. Maginnis should have known that 
the thinner the leads taken in adjusting the brasses 
consistent with the bearing running cool, the better 
it is for all the working parts, and such a thing as 
j-in. play in main bearing or connecting rod brasses 
would be a sure source of mischief and unpardon- 
able. Beyond this the paper was well received by 
9 oe practical engineers present, as it deserved 
to be, 

Professor Cotterill’s paper, to which we have 
alluded, was of a highly scientific and interesting 
character, and like all that comes from his pen, 
threw some new light on a very difficult question. 
It was obviously impossible to discuss its merits at 
the meeting, but its value will be appreciated when 
it is carefully read and studied. 

Mr. N. E, Porter’s paper ‘On the Load Line” 
contained nothing of any importance, Admiral 
Selwyn’s ‘* Most Powerful Ironclad” is out of the 
question, Sir William Thomson’s ‘“ Navigational 
Sounding Machine” and Mr. R. Clark’s * Oscillo- 
meter” scarcely need discussion, while Mr, Latimer 
Clark’s “‘Double Power Floating Dock and Hy- 
draulic Grid” possess all the merits of his floating 
dock, and other inventions in the same direction, 

The only other papers to which we need allude are 
those by Mr. Dixon Kemp, Mr. Humphrys, and 
Mr. Fn Dome 

The former is of interest, as containing a history 
of the various steps which led to the establishment 
by Lloyd’s of a ‘* Yacht Register.” Yacht owners 
and builders had long felt the need of some suitable 
means of survey and classification for yachts, and a 
movement was on foot to organise an institution of 
the kind on the model of Lloyd’s, when the latter 
agreed to take up the matter and establish a sepa- 
rate yacht register. Mr. Dixon Kemp was one 
of the leaders of that movement, and is in a position 
to speak with accuracy as to the earlier steps, and 
the testimony he bears to the success of Lloyd’s 
‘Yacht Register” in gaining so rapidly the confi- 
dence of yacht owners and the yachting public is a 
matter for satisfaction to all concerned. 

Mr. Humphrys’ paper we have before alluded to. 
It consisted of a proposal to build vessels of channel 
iron, something in the manner proposed by Mr. F. 
Oswald, but with the channel plates or irons placed 
longitudinally instead of vertically, the chief object 
being to enable the shell rivetting to be done by 
machinery instead of by hand. We do not antici- 
pate the early application of this system, 

Mr. Mackrow’s paper related some of the par- 
ticulars concerning the structure and performances 
of the twin Channel boat Castalia, and compared 
her with the Calais-Douvres, In the discussion Mr. 
Jobn explained the principle on which, under the 
advice of the surveying staff of Lloyd's Register, 
the two hulls had been tied Sper. so as to com- 
bine the maximum of strength and lightness, and 
which experience has shown to have turned out 
eminently successful. 

On the whole, as we have before remarked, the 
papers were not up to the average of some recent 
years, but the meetings nevertheless passed off very 
satisfactorily under the excellent arrangements of 





the Council and the new secretary, Mr. G. V. 
Holmes. 








SHIPOWNERS v. THE BOARD 
OF TRADE. 

WE last week discussed at some length the legal 
aspect of the alleged improper detention of the 
British barque Dora by certain officers of the Marine 
De ent of the Board of Trade. What we 
arrived at may be thus stated in the language of the 
Acts of Parliament ruling the action. We will 
adhere to the actual words of the Acts, but we will 
—— the clauses according to the sequence of 
their bearing on the case: 

The Board of Trade may by special order appoint 
fit and proper persons to be officers having authority 
to detain unseaworthy ships, and may from time to 
time revoke any such appointment. If any officer so 
appointed has reason to believe upon inspection or 
otherwise that any British ship is by reason of the 
defective condition of her hull, equipments, or ma- 
chinery, unfit to proceed to sea without serious 
danger to human life, he may order that the ship 
be detained for the ws of being surveyed under 
Section 12 of the Merchant Shipping Act, 1873. 
Any such order shall have the same effect as if it 
were an order of the Board of Trade. Upon the 
receipt of the report of the person making any such 
survey, the Board may, if in their opinion the 
~~ cannot proceed to sea without serious danger 
to human life, make such further order as they may 
think requisite as to the detention of the ship or as 
to her release, either absolutely or upon the per- 
formance of such conditions with respect to the exe- 
cution of repairs or alterations, or the unloading or 
reloading of cargo, as the Board mayimpose. They 
may also from time to time vary or add to such 
order. 

These are the words of the Acts of 1875 and 1873 
authorising the procedure of the detaining officer, 
the Board of Trade deputy, and the staff of sur- 
veyors — under his orders, in this case under 
Section 12 of the Merchant Shipping Act of 1873. 

Mr. Watkin Williams is, of course, much more at 
home in a court than Mr. Wilson is when giving 
evidence. Mr. Williams evidently understood the 
case as we do, for he tried to get from Mr. Wilson 
a denial of the fact that he ordered the detaining of 
the Dora. Mr. Wilson probably understanding him 
to refer to the writing of the documents sent out, 
said, ‘‘ No, it was enforced in the 1875 Act.” This 
answer, while it is a negative to the writing of the 
actually served documents of notice of detention, is 
& positive statement that the detention was made on 
his authority as detaining officer; for the 1875 Act 
refers to only one detaining authority, the detaining 
officer. Mr, Wilson probably means that he did not 
directly detain the vessel, the detaining was the act 
of the officers at Whiteball on the anthority of Mr. 
Wilson, for it could not otherwise be done under 
the 1875 Act at all. The Act directs him to order 
that the ship be detained, he communicated accord- 
ingly with the assistant secretary, who on that com- 
munication detained the vessel. 

Mr. Williams, in his statement of the plaintiff's 
case, quotes the above clause relating to the action of 
the Board on receiving a report of a survey, and he 
proceeds to reason thereupon on the assumption 
that the report of the.surveyor is the report of the de- 
taining officer submitted for the decision of the Board 
of Trade. Before the Act of 1875 this reasoning 
would have applied to a surveyor’s report, but that 
Act made the detaining officer the aeting Board of 
Trade, and thereafter the clause ought to be read as 
in Section 2 of 1875, ‘‘the Board of Trade, or officer 
as the case may be” upon the receipt of the report of 
the person making any such survey may make any 
such further order. 

Now the detaining officer is not as such one of the 
‘* competent persons” appointed under Section 12 of 
1873 to survey ships, equipments, machinery, and 
cargo. He has no power, as detaining officer, to 
survey aship for xzseaworthiness. ‘There are fit and 
a ae persons appointed for that, and they are placed 
under his orders as if he were the Board of Trade. 
The Act is explicit on this point, the detaining officer, 
as such, can only inspect to verify the report of sea- 
worthiness; that is, on receiving a report of seaworthi- 
ness after repairs, before issuing his order to release 
“For the purpose of ascertaining whether a British 
ship is fit to proceed to sea, any officer so appointed 
may go on board the ship and inspect the same 
..... he has no power to go on board to ascertain 
if she is uxfit to proceed to sea ; that is the proper 
business of a surveyor. The word ascertain is, of 
course, used in the Acts of Parliament in its proper 
sense, that of “making certain” an assertion which 
already is apparently true. 
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The Board of Trade had, before the Act of 1875, 
a staff of surveyors, but there was until then no 
practically effective way of promptly applying the 
power of the Board of Trade to individual vessels. 
The Act of 1875, to remedy this, appointed these 
detaining officers, each one by a Special Order in 
Council, to carry out the provisions of Section 12 of 
the Act of 1873, and to issue, on the authority of 
that appointment, orders which should have the 
same effect as if they had been orders of the Board 
of Trade under that section of the Act. The de- 
taining officer was therefore invested with the full 
power of the Board of Trade in detaining vessels 
either provisionally or finally, either directly or 
through the Board of Trade office, and the Act of 
1875 did not require that the reports of surveyors 
made by his orders should be submitted to the 
Board of Trade for approval, but only ‘‘ When an 
officer so appointed orders a ship to be detained he 
shall forthwith report his proceedings to the Board 
of Trade,” that they may know how he is acting. 
There is no authority or discretionary power given 
to the Board under that Act to modify or over- 
rule an order of a detaining officer otherwise than 
by first revoking his appointment. 

Having therefore shown that in Mr. Williams’s 
quotation the judiciary decision upon the report of 
survey is, by the Act of 1875, delegated to the de- 
taining officer, we have now to consider the amount 
of discretion he, or even the Board of Trade itself, 
had the Board been acting, is authorised by the 
Act of 1873 to exercise. Mr, Williams argues as if 
the Board had power to release the vessel even if 
in their opinion the vessel could not proceed to sea 
without serious danger to human life. The words 
of the clause referred to cannot be so construed, or 
the word ‘ either” would have to be read as any one 
of four things instead of one of two things. The word 
‘absolutely ” must therefore grammatically be con- 
strued in connexion with the word “‘ detention” and 
the words ‘‘upon the performance of certain con- 
ditions” must be taken along with the word ‘“re- 
lease,” otherwise the clause would read thus: ‘‘ The 
Board may if in their opinion the ship cannot pro- 
ceed to sea without serious danger to human life, 
order her release absolutely.” After the word 
‘‘either” the word “respectively” is to be under- 
stood. Mr. Williams reads it as if the words in each 
case stood before either. Having assumed then that, 
under any conditions the Board had still a power of 
discretion in detaining a vessel not seaworthy, Mr. 
Williams proceeds to claim that that discretion 
ought surely to have been extended to a vessel which, 
although unseaworthy, was yet not then attempting 
to proceed to sea. 

According to the Act a vessel once detained for 
survey, if she is reported to be unfit to proceed to 
sea, cannot be released.at all either absolutely or con- 
ditionally, but only ‘‘ upon the performance of such 
conditions with respect to the execution of repairs, 
&e,, as the Board (or officer as the case may be) may 
impose.” 

We stated last week that neither the commissioned 
Board of Trade nor the assistant-secretary possessed 
that power of discretion ; we have now equally di- 
vested the detaining officer of any such discretion. . 

Mr. Williams argues that the Act must be under- 
stood to imply the exercise of such a discretionary 
power by the Board of Trade, otherwise, ‘‘if you 
take the mere language of this section the Board of 
Trade might if a ship was being built (having none 
of her equipments upon her, and no provisions and 
no crew or anything else) send a surveyor on board 
who might report that she was unseaworthy and 
unfit to go to sea... .” Mr. Williams is surely 
here merely filling up with ‘‘ cocoa nuts,” for he cer- 
tainly must know that every ship is built under deten- 
tion, Until a ship is registered her proceeding to sea 
would be treated as an act of piracy, an order of de- 
tention is therefore quite superfluous where the vessel 
has no register. The Board’s surveyors have to go 
through every vessel before that paper can be com- 
pleted, and if they then observe any defect amounting 


to serious danger they may therefore report the vessel | 


for survey,"not for detention ; she is already de- 
tained. 

_ The Dora is a British barque, built at Sunderland 
in 1863, she is 127 ft. long, 27 ft. beam, 17 ft. depth 
of hold, and 379 tons registered. She was originally 
classed A ] at Lloyd’s for ten years, The Dora 
would have run off her class in 1873, but by certain 
repairs executed before that date her classing was 
extended one year, and she had, therefore, in June, 
1876, when the actions giving rise to this trial com- 
menced, run off her class, say eighteen months, 








After the Dora had run off her class, she was pur- 
chased by Mr. Kain for something a little under 
34007. On May 31, 1876, she had arrived from 
Oporto with a cargo of wine and cork, discharging 
her cargo in good condition, The voyage had been 
to Pensacola also, and had occupied nine months. 
Up to that time there is no mention of any repairs 
to the vessel since she had run off her class, 

The detention of the Dora was the result of a 
preliminary inspection of the vessel on Saturday, 
the 24th of June, 1876, by the detaining officer, 
and two of the surveyors placed under his orders. 

On the Monday morning the owner and captain 
called on Mr. Wilson, the detaining officer, at St. 
Katharine Dock House, to inquire why the sur- 
veyors had been on board. The stopping notice 
had not yet been served upon the owner, and as 
the survey had only commenced, and it seems to be a 
rule to have the opinion of one officer supported 
by that of another before their reports are com- 
municated to the owner in detail, Mr, Wilson was 
unwilling then to enter into the particulars of the 
defects, but he mentioned casually that there was 
some question about the condition of the main- 
yard, The owner swears that he then told Mr. 
Wilson that ‘‘there was was no intention whatever 
of proceeding to sea before the equipments and 
other matters were all completed.” “Mr. Wilson on 
his part states as positively that on the 5th July the 
master of the Dora told him that the vessel would 
have gone to sea before that date if it had not been 
detained by the Board of Trade. 

We have shown that in point of law it made little 
difference whether the vessel was then proceeding 
to sea or not, reasonable ground for believing the 
vessel to be unseaworthy is a condition not permit- 
ting only, but actually commanding a survey. The 
surveyors seem to have acted cautiously even in this 
respect, for if the vessel wasreally not going to sea the 
procedure was, however, surely such as to justify any 
detention officers in treating her asa vessel prepar- 
ing for sea. They inquired at the Custom House 
and learned that the vessel had also “entered out.” 
Properly a vessel has likewise to be cleared at the 
Customs; but the Dora was to go out in ballast, 
and vessels in ballast often go without clearing. It 
is now asserted by the owner that the vessel was in 
full swing of repairs, and that she was not proceed- 
ing to sea until all should have been made sea- 
worthy. 

Lord Coleridge several times referred to this point 
inlaw. He says that the Board of Trade has not 
authority to interfere in the case of any vessel 
which is not at that time intended by the owner to 
be sent to sea. If this be a correct reading of the 
Act of Parliament the power of the Board of Trade 
to prevent the sending of unseaworthy ships to sea 
is very limited and practically valueless, The dut 
assigned to the Board of Trade is, however, pha: 5 
ing to the Act of 1873, the inspection of every 
British ship suspected to be unseaworthy. 

The expenses of inspection are, however, only 
chargeable upon the owner “ if upon the survey of 
a ship under this Act she is reported to have been 
at the time of the survey, having regard to the 
nature of the service for which she was then in- 
tended, unfit to proceed to sea without serious 
danger to human life.” The right to inspect is 
given by the Act, but if the owner can show that 
the vessel was not intended for sea service, 
not only has he no fees to pay, but any expenses 
incurred by him to the order of the surveyors to 
enable them to survey his vessel will be charge- 
able to the Board of Trade. The owner can, how- 
ever, claim no damages as for trespass, the sur- 
veyors would be performing a legal duty. 

The question of intention is, however, one which 
is far too fine to be a workable ground for action. 
It seems reasonable that a department which is re- 
ponsible that suspected unseaworthy ships shall not 
be permitted to — to sea, should in such a 
case first satisfy themselves by a preliminary exami- 
nation of the vessel that the information is Jond 
Jide, and then notify the owner that his vessel must 
be surveyed by the department and pronounced sea- 
worthy before she puts to sea. is is just what 
was done in the case of the Dora. If the vessel 
was not then in a fit state to proceed to sea the 
owner had only to make her ready, to put her in 
the condition he meant to send her to sea and then 
have her examined. 

The owner seems to have proceeded at once to 
repare the vessel for survey, and, very reasonably, 
e seems not to have waited to do all that he was 

willing to do before calling in the surveyors, being 


anxious to know at once what would pass and what 
would not pass. Then began what the owner is 
pleased to call a severe survey, a survey in which 
suspicious parts were tested with chisel and claw 
hammer, and little flaws, decayed wood, holes the 
size of a ‘‘ baby’s little finger” were dug out to be 
the size of “a saucer.” The surveyors deny the 
use of a chisel, the instrument srelt was shown in 
court, a pricker about 4 in. long and about the 
thickness of a sail needle. The hammer was one 
obtained on board, and was used only for sounding, 
according to the surveyors’ evidence. This ‘severe 
survey” seems to us to have been, so far, just such 
a searching and ‘proper examination as we would 
expect to have been made by one of Messrs. Harland 
and Wolff's foremen shipwrights, or by the ship- 
wright foreman of the late of Messrs. Jones, 
Quiggin, and Co., such being actually the two sur- 
—— Messrs. Magowan and Waterson, who are 
referred to. This removal of what these surveyors 
say was rotten timber to ascertain the extent of a de- 
fect is maintained by the plaintiff's counsel to have 
been an act quite beyond the authority of the sur-' 
veyors. Mr. Watkin Williams so reads the Act that a 
sty by has no authority to do more than use his 
eyes, he must use no instrument, he must not ascertain 
the depth of any rottenness by probing it, he must 
survey everything in statu , he must not even 
take out the listings. lon Coleridge dissented 
altogether from this view of the meaning of the 
cal survey, He said, ‘I am of —— clearly 
that it would be reducing the Act of Parliament to 
an absurdity to suppose that when there is power 
given to survey, you must content yourself with 
going and looking. I do not assent to that view in 
the slightest degree. Surveying is a term perfectly 
well known; it is a good common-sense term, a 
term perfectly well known by mercantile men 
everywhere, it is a term perfectly well known by 
builders, If you survey a house, a ship, or what- 
ever you survey you must have power to make your 
survey practical and effective, and any reasonable 
powers necessary to make your survey practical and 
effective are in my judgment covered by the Act of 
Parliament that gives you power to survey, there- 
fore, to prick a few holes, or to have a treenail 
removed or knocked out here and there, or to screw 
a bit off a mast in another place, and to take down 
a bit of rigging and look at it in a fourth, and to 
do all the various things suggested to have been 
done here, if you think they were only done in the 
bond fide exercise of the Peary of the surveyors.” 

The list of defects alleged by the surveyors in 
their first report contained the following defects 
and notes. “‘‘ Lace piece of the head knee adrift, to 
which is attached the moning of the bowsprit; 
this should either be efficiently repaired and the 
gammoning secured, or an iron plate gammoning 
should be fitted and bolted to the main stem, Port 
knighthead shaky. Saddle chock of bowsprit to 
be removed, and both knightheads to be looped 
with iron, say of 24in. by }in. Windlass to be 
turned out, Pall bit and the deck in the way of 
same to.be further examined and further dealt with. 
Foremast head severely rent. This may be secured 
with three iron clasp hooks of, say, 3}in. by jin., 
to be fitted above the top and under the cap. The 
cap of the foremastis loose, This should be refitted 
and secured. The steering wheel is in a very un- 
satisfactory state, and should be sufficiently repaired 
or a new one provided,” One or two other similar 
items are also included in that report. 

These matters are not complained of by the 
owner, but on the Thursday Mr. Abbott was one of 
the surveyors who visited the ship, and out of 
certain instructions which he gave the most im- 

rtant question in the case has arisen. Indeed, 
but for this order there would probably have been 
no case. The Dora is a wooden ship, but she has 
iron hold beams. This is a very uncommon con- 
struction, and a surveyor] may,have surveyed very 
many vessels and never come upon such a vessel as 
the Dora is in this respect. Now, in the usual con- 
struction there are certain pieces of wood let in 
between the beams, to cover the lodging knees 
fastenings and to make a finish flush with the rest 
of the ceiling. . 

The owner stated that these are called ‘ air ports” 
at the upper beams and “ beam fillings” at the lower 
beams. These fillings are removable pieces, they 
are in fact just listings, and they are generally not 
4xed in in any way but by fitting somewhat tightly. 





By removing these in the usual construction, the 
timbers can be partly examined and the bolting of 
the lodging knees seen, The owner requested 
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the captain to write down to Mr. Abbott’s dictation 
what was wanted to be done to prepare the ship for 
Mr. Abbott’s thorough inspection. Mr. Abbott, 
seeing the hold partly filled with ballast, and no 
staging available for getting at the side of the ship 
to any height, did not at that visit enter the hold. 
Other surveyors had been there already, and had 
probably told him that they could not get at the 
upper of the sides. Mr. Abbott, without any 
hesitation, told the captain amongst other things, to 
remove also the beam fillings, preparatory for his 
survey. Now he did not know, nor had he any 
reason to suspect that the vessel had anything dif- 
ferent from the usual wooden beams with the 
common tightly-fitted removable beam fillings, and 
he therefore made only the usual requisition to have 
them taken out before his next visit. Mr. Watkin 
Williams all through the trial persisted in describing 
the vessel as a composite vessel. She was in no 
sense a composite vessel. She was a wooden ship 
with timber frames, timber deck beams, and only 
iron hold beams. In the Dora, at her iron hold 
beams there are no “beam fillings,” the pieces 
fitted in between the beams, there, are parts 
of the permanent structure of the hull, and there 
are provided, about 18 in. lower down, listings or 
fillings in lieu of the usual beam fillings for these 
beams, If Mr. Abbott had observed this construc- 
tion, of course he would have told them to take out 
only these listings there. The order is easily ex- 
plained, and it ought never to have been carried out 
as it was in respect to those hold beams. 

It was to expedite matters that Mr. Abbott took 
upon himself to communicate verbally the sub- 
stance of the requirements which would be for- 
warded in due course from the Board of Trade office 
later on in the same day, That more regular 
document read “all ordinary listings to be taken 
out” instead of ‘beam fillings” and although 
ordinary removable beam fillings are included in 
the general order “ all ordinary listings,” no sane 
man could suppose these pieces between the beams 
to be meant under “ ordinary listings.” 

Lord Coleridge is, we think, too severe upon Mr. 
Abbott for this mistake. He says it occurred be- 
cause Mr. Abbott did not take the trouble to look 
to see what kind of beams the Dorahad. Mr. Abbott, 
according to his appearance in court, and from all 
that was said about him by other witnesses, may, 
reasonably, be blamed for over zeal and super- 
abundant energy, but we can hardly fit upon him 
the character of shirking taking trouble in the dis- 
charge of his duties. In the course of the trial a 
little incident occurred which, we think, speaks 
well for Mr. Abbott. He had not seen the written 
note of his instructions from the day the captain 
wrote it, till it was handed to him in court. He 
then saw that his order was not written ‘‘ beam 
fillings,”\but thus, “ fillings removed under stringers 
both sides fore and aft.” Now this written order 
when read in presence of the actual construction by 
a practical man ought to have been referred to these 
fillings or listings provided in lieu of the removable 
beam fillings of the hold beams, Mr. Abbott was 
surprised when he read this in court, but he dis- 
dained to exonerate himself in this way ; he honour- 
ably maintained that whatever the captain did write 
he had said ‘‘ beam fillings ;” but, at the same time, 
he said that no practical man could be excused for 
taking out these pieces between the hold beams, 
which formed an integral part of the hull, and that 
the man who did it deserved to be cashiered. 

Having got this order on the 29th of June the 
owner decided shortly afterwards to go in for lon 
classification, and on the 3rd of July he abeemel 
the Board of Trade accordingly, in the hope that he 
would now be permitted to put the vessel right, 
under Lloyd's surveyors only. It seems to us quite 
easeaseneble that after this these Government 
surveyors should have continued to figure on the 
scene. The Act of Parliament certainly isso worded 
that it is clearly the duty of the Board of Trade to 
see by their own officers that any vessel they stop 
shall be made in every respect seaworthy before 
they certify her as fit to proceed to sea; but the 
duties of the Board of Trade might be reduced to 
merely a courteous visit occasionally during repairs, 
a looking on without interference. The other 
surveyors acted in this way, but it seems that Mr. 
Abbott conscientiously continued to survey and in- 
epect just the same as if Lloyd's surveyors had not 
taken the ship in hand. 

The owner complains of this annoyance, and, 
taking his stand upon the removal of the ‘ beam 
fillings,” supposing him in that matter to have acted 


perfectly ingenuously, hehas some ground for making 
a case out of it, if his version of it is to be 
relied on and the surveyor disbelieved. The cost 
of removing and renewing the ‘beam fillings” is 
estimated at from 70l. by Mr. Abbott to several 
hundreds, say 300/. by the owner. The plaintiffs 
say that Mr. Abbott was present at the removal of 
some of these beam fillings, and that when the captain 
remonstrated with him on the order, Mr. Abbott 
himself took a crowbar and a large chisel and 
splintered one of them to pieces. 

Mr. Abbott, in opposition to this, swears that he 
was not in the hold at all on the 29th of June, his 
first visit ; that on the 3rd of July he was solely 
occupied with the condition of the longboat ; 
that on the 5th he does not rememember being 
on board the vessel, but only having a conversation 
with the captain, about putting the ship into 
dry dock; that on Saturday, the 8th July, he 
went to the ship, then in dry dock ; he was met by 
the owner, who desired him not to go on board then 
as she would be in the hands of Lloyd’s, and would 
be ready for survey on Wednesday the 12th; that 
on the 12th he accordingly again visited the ship, 
and then, for the first time, he was in the hold, and 
then he saw that these beam fillings were already 
removed, all but one on the port side, the vessel 
having been prepared for survey. 

The evidence on these pointsis very conflicting, 
indeed it is in matters of fact clear contradiction. 
The witnesses must themselves know the truth 
about the facts, and we are, with Lord Coleridge, 
equally surprised to hear that the very man who, 
the plaintiffs say, insisted on having these fillings 
removed, and himself tried with a crowbar and a 
chisel to split out one of them, should be in court most 
a in denouncing theirremoval as most wanton, 
and the foreman who permitted it as deserving to be 
cashiered. If the plaintiff's facts are the truth, one 
would have thought that ‘ cashiering” would have 
been the word of all others Mr, Abbott would have 
avoided using in his evidence. The owner’s ground 
for saying that Mr. Abbott himself assisted in 
taking out some of these beam fillings is given thus : 

** You say Abbott himself took out some of these 
beam fillings ?—Oh, yes, he did, or assisted to 
do so, 

** When was that ?— When he first commenced. 

** Are you positive of that ?— Quite positive. 
“You saw him yourself, did you?—I did; 1 saw 
him wash his hands afterwards.” 

Because he was seen to wash his hands; this is 
surely circumstantial evidence of an extraordinary 
complexion. 

The piece which the captain, the other witness to 
this allegation, says that Mr. Abbott operated on 
was one which he himself had been endeavouring to 
take out with the assistance of some shipwrights. 
He does not say that he saw Mr. Abbott using the 
tools, he only states the fact as one known to him, 
and when asked what tools he used he does not say 
that he saw him use either a crowbar or a chisel on 
the beam fillings. 

“. . . . he took the tools and tried himself. 

‘* What tools ?—There was a large chisel and also a 
crowbar, that was lying on the ground at his feet. 
‘He handled them himself ?—He handled them 
himself because he would not believe my assertion 
that they were so difficult to get out.” 

Here again we have a circumstantial reasoning 
given as the ground for an assertion of fact. Why 
has he not at least once ever stated that he saw 
Mr. Abbott use these tools, Instead of that he relates 
circumstances which might have led him to think 
that Mr. Abbott had used the tools. The whole evi- 
dence amounts to this: There was a large chisel and 
also a crowbar lying on the ground at his feet, and 
he was seen washing his hands afterwards, and the 
beam filling was left just as it was before, not out. 
The working of Mr. Abbott at the beam filling is not 
stated as evidence but only as assertion based on 
these circumstances. 

It is very likely that if any beam filling of even 
the other beams had been partly out that a surveyor 
would put his hand to it and prize it out a bit to see 
what the timbers were like behind it, and having 
used his hands as tools he might wash them after- 
wards, and this might occur even in the neighbour- 
hood of a chisel and acrowbar. The first statement 
of the captain about this is, “* He had to splinter it 
to pieces ;” he does not however say he saw that done. 
Under cross-examination he limited Mr. Abbott’s 
work on the beam filling to ‘‘ He tried to remove a 





rtion of one,” but he does not say he saw this done. 
© hold a splintered piece back with one hand while 








looking behinditis the whole breadth of fact required 
to make up the allegations against Mr. Abbott in 
regard to these beam fillings, and if the defendant's 
counsel and the judge had had a little practical 
knowledge of such work these ‘‘ cocoa nuts” would 
have been all thrown overboard. 

Another point of importance escaped the de. 
fendant’s counsel. Lord Coleridge, whose pro- 
vince is to explain law, volunteered an opinion 
and judgment on a point in shipbuilding, on which 
no technical evidence had been given, and for which 
he had no technical assessor to advise him. The 
jury must have been materially influenced by the 
following opinion of his lordship, allowed to pass 
uncontradicted. Probably the man on whom the 
Board of Trade depended to put their counsel right 
was Mr. Abbott, himself under examination at the 
time and not allowed to make any remark but only 
to answer questions. Lord Coleridge said, ‘“ Ac- 
cording to the evidence the beam fillings cover 
a space of 9in. wide the whole way down, and 
they were, I presume, above the water mark, 
If they were just under the deck they must have 
been above the ordinary water mark. What is said 
is (I do not know whether it is true or not, I have it 
now under my eye), that the whole of these beam 
fillings, although permanently fixed into the ship, 
were torn out all the way round by Mr. Abbott's 
orders. I must say if that is so (Ido not know what 
the jury think) but I do not hesitate to say I think it 
utterly unreasonable, whatever the result was. Sup- 
posing you find the ship rotten from stem to stern, 
my opinion would be just the same.” His lordship 
naturally enough thinks that several feet above the 
load line is not the part of the hull that is most im- 

ortant for seaworthiness ; but, the fact is that these 

eam fillings are some feet below the load line, not 
above the water mark as his lordship had it then 
under his eye. They are at beams which are not 
** deck beams” but only hold beams, struts to keep 
the sides of the hull in form, and there was no deck 
on them. This very emphatic ruling of his lord- 
ship's, in the absence of a practical assessor, is there- 
fore altogether a misconception of the facts about 
which he was speaking. 

The counsel for the defendants seem to have 
been also uninstructed on this point which so natu- 
rally influenced the judge, and by him, no doubt 
the jury, for the statement in all its emphasis was 
allowed to stand unrebutted. 

The plaintiff's counsel seem to have had it all 
their own way, and to have been well able to take 
advantage of every fact that could be by any in- 
genuity ma‘e to tell in the interest of their clients. 
Another remarkable illustration of their clever 
treatment occurs in Mr. Williams’s concluding speech. 
It became a question to determine whether there 
were any grounds for the Board of Trade treating 
this vessel as a vessel going to sea. The surveyors 
stated that most of the sails were bent when they 
made their first visit to the ship. The plaintiffs 
put in the evidence of sailmakers to prove that the 
sails were not in such a state that the vessel could 
reasonably be sent to sea. That is just what the 
Board of Trade say. In cross-examination it was 
elicited by Mr. Bowen ‘that with the exception of 
a second foresail, which is generally included in a 
full set of sails, there was a full set on board ; 
amongst these there were on board the two old 
mainsails which she had come home with. There 
was therefore proved by the plaintiff's witnesses, 
that with the exception of one sail, a complete set 
were on board, several of them bent and lying on 
the deck. Mr. Williams states this in the follow- 
ing words in his speech. ‘“ What sense can there 
be in the course pursued here upon seeing a ship 
unfit and in this state, in ballast, not a sail on 
board of her. ..?” True, a certain sail was not 
on board, but ‘“ not a sail on board” is a staggering 
way of stating that fact. Indeed all through the 
representations seem to be all framed on the model 
of Mr. Williams’ “cocoa nuts,” the filling up with 
the lightest possible matter is the whole of the 
charge against the Board of Trade. Our readers all 
know that if an unlocked steering wheel be held by 
one man while another applies his one-man strength 
to test the wheel, all the while there is only the 
pull of one man on the wheel. This is dressed up 
to be “‘ Two surveyors came on board the oe hage 
one got on each side of the wheel and pulled it as 
though they wanted io break it in pieces—two great 
big men, who, if they liked, even with a new wheel 
might have started it and pulled it to pieces.” To 
take out a listing or similar removable piece requires 





the application of a chisel-pointed instrument be- 
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cause the edges butt close all round. If a pinch is 
used this is an attack with a crowbar, and so on. 
These hints may be found very useful to any of our 
readers who may be now contemplating beginning 
a similar action againt the Board of Trade. There 
are, we understand, at present, quite a considerable 
number of such cases in embryo, and to all intend- 
ing plaintiffs we say, collect heaps of ‘‘ cocoa nuts,” 
they are what tell best, and get an active counsel 
who will fill them in for you at so much a thousand, 
and the pitch may be left out of the account alto- 
gether as quite an unimportant item. 








EMPLOYERS’ LIABILITY FOR INJURIES 
TO SERVANTS. 

WE have already called attention to this very im- 

portent subject while dealing with the Bill introduced 

y Earl De la Warr (see page 197 anée) into the 
House of Lords early during the present session. 
We have now to draw attention, in consecutive 
order, to three other Bills before the House of 
Commons introduced by private members and the 
Government officials for the purpose of attempting 
to settle the hitherto difficult question of how far 
an employer should be responsible for injuries to his 
servants—a liability which, by a technical rendering 
of the law, has left the workman practically without 
remedy. 

First, in order, is Bill 75, brought in by Messrs. 
Brassey, Morley, Bass, and Sullivan. By the first 
clause in the Bill it is provided that if after the 
passing of this Act personal injury is caused to a 
workman by reason of defective works, machinery, 
plant, or stock connected with the business of the 
employer, or by reason of the negligence of any 
person in the service of the employer who has 
superintendence entrusted to him, or by reason of 
the negligence of any person in the service of the 
employer to whose orders or directions the workman 
was bound to conform, or by reason of the act or 
omission of any person in the service of the employer 
done or made in obedience to the rules or bye-laws 





of the employer, or in obedience to instructions 
given by any person delegated with the authority 
of the employer on that behalf, the workman, his 
wife, children, or legal representatives, shall have 
the same right of compensation and remedies against 
the employer as if he had not been a workmen of 
nor in the service of the employer, nor engaged in 
his work, provided that the workman injured did not 
materially contribute by his own negligence to the 
cause of his injury. 

The second clause deals with the amount of com- 
pensation and the mode of its recovery, and this is 
very important, because the workman has an op- 
portunity of getting redress at a comparatively 
cheap rate. This clause is to the effect that every 
action brought by a workman for compensation, in 
which a sum not exceeding 200/. is claimed, shall 
be brought in a county court, and not elsewhere. 
Upon the trial one or more assessors may be ap- 
pointed for the purpose of ascertaining the amount 
of compensation. 

The second Bill (80) has in the first clause an 
object similar to that of the previous one. It was 
introduced by Mr. Macdonald, Dr. Cameron, Mr. 
Meldon, Mr. Earp, and Mr. Burt. While the last 
Bill may be called the manufacturer’s, the present 
may be called that of the workman, In the first 
clause the most important point is that it shall not 
be any ground of defence that the person by whose 
negligence the injury or loss of life is alleged to 
have been occasioned was employed in a common 
employment with the person injured or killed, or 
that the risk of injury or loss of life was knowingly 
or voluntarily incurred by the person injured or 
killed in the course of his employment. 

Provision against the resultsof personal negligence 
are identical with those of the preceding Bill. 
“Common employment” is interpreted as such 
community of employment, service, or occupation 
as, but for this Act, would be matter of defence in 
any such action or proceeding. 

By Clause 2 provision is made that notice of 
action should be given within six weeks after the 








occurrence of the accident, and that the action 
must be commenced within six months of such oc- 
currence, In this case, as in the preceding measures, 
the county court for England, and its equivalents 
in Scotland and Ireland, are made the medium of 
action, But in this Bill a special provision for 
minors is made by Clause 4, which enacts that 
where injuries not resulting in death are caused to a 
minor by reason of the negligence of any other 
person, and damages are recovered for such negli- 
gence, it shall be lawful for the court before whom 
the damages are recovered to direct that the amount 
of such damages shall be paid to and held by such 
—_ as the court, with his consent, directs, in trust 
or the minor; and such amount shall be applied 
for the education or advancement of the minor, or 
otherwise for his benefit, as the court or a judge of 
the High Court of Justice may from time to time 
direct. This provision seems to be of an excellent 
character, asit protects the young person, and also 
respects and even guides his future course in life. 
Lastly, we come to the Government Bill intro- 
duced by the Attorney-General for England (Bill 103) 
and the law officers of Scotland and Ireland, It may 
be called aBill of definitions, and asit will necessarily 
become the basis of legislation on the subject, we give 
it ix extenso. By Clause 1 the term “employer’’ in- 
cludes corporate body or company. The term 
‘‘ servant in authority” means in reference to a rail- 
way: Any person entrusted by the company with 
the management of the railway, or of the traffic, or 
of any particular part of the railway or traffic, or of - 
any station on the railway or of any works connected 
with the railway, and no other person, In reference 
toa mine: Any personentrusted, as agent or manager, 
or in any like office, with the ment of the 
mine, or of any particular pit or colliery, whether 
above or underground, and no other person. In 
reference to any other manufacture or works: A 
servant who is appointed by his employer to manage 
any such manufacture or works, or any distinct 
branch or portion thereof, and no other person. 
By Clause 2 it is proposed that if any person in 
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the service of any employer in any railway, mine, 
manufacture, or works is injured or killed by the 
negligence of a “ servant in authority” of such em- 
ployer in the course of his employment as such 
‘¢ servant in authority,” and under circumstances in 
which, but for the fact of both persons being in the 
service of the same employer, the person injured, or 
if he was killed his personal representative, would 
have a right of action against the employer, such 
right of action shall subsist notwithstanding the fact 
of the common employment, apg 
From these three proposed measures it is evident 
that the manufacturer, the operative, and the 
lawyers are each equally alive to the importance of 
the subject. But, as we have already suggested, it 
requires a combination of *‘ all the talents” to make 
an effective Act. That of the Government last 
quoted is so ingeniously contrived that it leaves 
nearly every legal difficulty now existing only so 
modified as to make their proposed measure of little 
value, We are not surprised, therefore, that at a 
recent meeting of the Amalgamated Society of 
Railway Servants the members of the executive 
were unanimously of opinion that, inasmuch as the 
liability of the companies to the servants would not 
be affected by the negligence of the superintendent 
and other officers of a railway, the Bill of the 
Government was practically of no value to railway 
servants, and was a delusion calculated to deceive the 
workman and please railway interests in and out of 
Parliament. It was not deemed desirable to oppose 
the second reading of the Government Bill, but it 
was decided that the friends of railway servants in 
Parliament should endeavour to have it and the Bill 
introduced by Earl De la Warr, and endorsed in the 
Commons by Messrs. Bass, Morley, Brassey, and 
Sullivan, referred to a full Committee of the House. 
From the analysis we have given of these three 
Bills it is evident that not one of them per se meets 
the difficulties of the case. On the other hand, the 
three fused together, and modified, may afford a 
good measure. Surely when the views of the master, 
the man, and the lawyer have been so fully ex- 
pressed, there should be no difficulty in passing an 
Act which should be satisfactory in its working to 
all parties concerned, 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue spring meeting of the Institution of Mechanical 
Engineers commenced yesterday, and it is to be con- 
tinued to-day, the meetings being held for the’ first time 
in the evening instead of in the afternoon. The papers 
read yesterday were both on the subject of brakes, and 
both contained matter of very considerable interest. 

The first paper was by M. George Mari¢, of Paris, on 
* Recent Brake Experiments upon the Lyons Railway.” 
This paper contained not only an account of what may 
bo called competitive experiments on trains fitted with 
the Westinghouse automatic and the Smith vacuum 
brakes, but also a clear and concise statement of the 
true method of comparison between different stops made 
by different trains. 

The second was by Captain Galton, a third and concluding 
paper containing the description and analyses of his latest 
experiments, chiefly with the Westinghouse brake, and 
containing also a detailed examination of the require- 
ments of a perfect brake. As we shall print this paper 
in full, as well as notes of the discussion upon it, we need 
only say here that Captain Galton’s previous conclusions 
as to the effect of skidding the wheels are fully borne out, 
and his former results as to the diminution of friction at 
high velocities are also amply confirmed by a very great 
number of additional experiments. The paper goes also 


into the question of the effect of time on the coefficient | Professor Tyndall, for testing the relative merits of a sixt 
we : : order light, and athird order one respectively, when used 
of friction, and by no means the least interesting wile the ciusiete onl 


part of it is the description of Mr, Westinghouse’s new 
and exceedingly ingenious automatic brake block pres- 
sure regulating valve, a specimen of which, planed open 
to show its construction, was placed on the table. Par- 
ticulars were given of a number of experiments with the 
regulator both in this country and on the Paris and 
Lyons Railway. 

The discussion on these papers was taken part in by 
Messrs. Yeomans, Banderali, Kennedy, Sanders, Price 
Williams, E. A. Cowper, Westinghouse, and others, but 
the late hour at which it ended compels us to defer our 
report of it until mext week. There still remain to 
be read two papers, one by Mr. Alan ©. Bagot, on the 
“Construction and Comparative Merits of the Safety 
Lamps generally in Use,” and the other on “ Electric | s 
Lighting,” by Dr. J. Hopkinson, F.R.S. 


I 








AMERICAN RarItroap Cars.—The Harrisburg Car Com- 
pany has received several large contracts for cars—one 
rom the Central Railroad of New Jersey for 1000 coal 
cars, and another from the Canada Southern Railroad for 
600 box cars. Upwards of 500 men are employed in the 


P 


out that the source of 


the electric are. T 


materially the 1 


in favour of a much 
ployed with the electric light at Dungeness. 
1865, Messrs. D. and T. Stevenson had recommended a 
third order apparatus for the purpose, in their report to the 
Commissioners of Northern Lighthouses. i 
was arrived at by the Elder Brethren of the Trinity House, 
in 1869, in cons: i 


composed of vertical 
radiating in azimuth from the inner fixed apparatus, was 
compressed horizontally into a beam of 7 deg. 8 min. di- 
vergence in addition to that due to the electric arc. This 
was done in such a manner that every single prism had its 
own independent divergence of the same amplitude, whereby 
was obtained an extent of light-emitting surface of a height 





company’s shops. 





of 64 ft. and of 224 in. in breadth. 


WHEEL CENTRE AND TYRE BORING 
LATHE. 


We illustrate on page 361 a neat and useful lathe for 
turning and grooving railway wheel tyres, and for boring 
and turning the bosses, and turning the rims of wrought- 
This lathe, which is constructed by 
Messrs. Wm. Collier and Co., of Salford, Manchester, is 
suitable for dealing with wagon wheel centres and tyres, 


iron wheel centres. 


and its general arrangement will be readily understood. 


The face-plate is 4ft. 2in. diameter, and has cast 
round its periphery worm teeth, into which gears a steel 
3 through a wrought- 

iron cross driving shaft with a tail-pin at the end to take 
the thrust or side pressure of the worm off the collars of 
the shaft. The bed is so cast that the worm runs ina 
cistern of oil to secure efficient lubrication, and the face- 
plate is provided with dog-chucks and screws to secure 
the tyres. On the front of the bed are fitted two com- 
pound slide rests, having self-acting feed motion inevery 
direction, by means of chains and levers on a cross-shaft in 
front of the bed, geared to another shaft that runs through 
the centre of the bed to the back of the lathe, where it re- 
ceives an oscillating motion from a connecting rod and 
eccentric on back end of lathe spindle. Thus the whole 
lathe is self-contained, and may be driven from any ordi- 
nary line of shafting, without counter driving apparatus, 
while it takes up little room in the workshop. 


worm, driven by large driving pulleys, 


In several large workshops it has been found ver 


convenient to put a number of these lathes in a line wit 
their backs to the wall, and drive them from a simple 
line of shafting carried by brackets attached to this wall. 
The worm gear is found to wear very well, and gives a ro- 
markably steady motion under heavy cuts, and the whole 
forms a simple and inexpensive arrangement. 





LIGHTHOUSE DIOPTRIC APPARATUS. 
At the meeti 


ed to e some observations con 


elise all the rays emanating from an 


is, however, 


di 


uence of com tive trials instituted b:; 


t. 

=—.The Souter Point Revolving Light, which was first ex- 
hibited in January, 1871, was described 

assigned for adopting two optical 
the light in the vertical p 
required horizontal compression—instead of attempting, 
even for the refracting part of the apparatus, to effect the 
two condensations respectively by a single agent. Reference 
was made to the proposal of Mr. Thomas Stephenson, M. 


Reasons were 
mts—one to condense 


e, the other to produce the 


nst. C.E., for attaining this latter desideratum ; as like- 


= to that of Mr. Brebner, M. Inst. C.E., with a similar 
object. 
which had been already employed in France for the re- 
volving light with the electric arc. 
third order light encircling 180 deg., and of a rotati 

octagonal drum of the some height surrounding it. Eac 


The method actually adopted was similar to that 
It consisted of a fixed 


ide of this drum, — three panels in height, was 


racting prisms, by which the light, 


Stress was laid upon 


of the Institution of Civil Engineers on 
the 22nd of April, Mr. Bateman, President, in the chair, a 


per was read on Fr A 
he the Electric Light,” by Mr. 
Inst. C.E 


tus in Lighthouses 
ames T. Chance, Assoc. 


The author briefly premised that in the Fresnel or diop- 
tric system, the source of light occupied the central position 
within a structure of glass zones, or annular segments, 
by which the incident rays were condensed and directed on 
the sea; and that there were two princi 
tric apparatus, the fixed and the revolving. He then 
ing the diffe- 
rent optical treatment which a small radiant like the electric 
are required from that which suited an 
the latter case, as far as concern 
not _ to 
point of the lumi 
vergence due to the height of the flame by in 
diameter of the optical instrument. 
the smallness of the electric arc afforded the opportunity 
of obtaining from the dioptric zones or other elements, by 
suitable generating sections, whatever divergence, whether \ , b 
horizontal or vertical,'might be desired. It was also pointed | garian Embassy :—‘‘ Friday, April 18, Szegedin. 
‘light, in the case of the electric arc, 
could not be entirely depended upon for maintaining the 
same position in relation to the focal horizontal plane ; and 
that consequently, since the vertical divergence due to the 
luminary would move upwards or downwards with any 
vertical displacement of the radiant itself, the mariner 
could not be absolutely secured from failing to see the light, 
unless a special vertical divergence were given by the diop- 
tric apparatus, Ss of that caused by the size of 
i involved the adoption for 
this illuminant of a dioptric instrument considerably larger 
than what was originally contemplated, so as to reduce 
uminary divergence, and thereby be free 
to substitute for it, to some extent, a special vertical di- 


vergence. 

The author stated, that in 1862 he had expressed himself 
apparatus than was then em- 
Also that in 


kinds of diop- 


flame. 
ed sea-lights, the object was 
», but also to reduce the vertical a 


the 
On the other d, 


similar result 


its being the characteristic feature of the beam issuing from 
7 one of the sides of this glass drum that, in passin 

ore the eye of the observer at sea, its brilliancy weal, 
from first to last, remain unchanged, as distinguished from 
the waxing and waning appearance of the ordinary re- 
berry be ¢; consequently, at whatever distance the flas 
might be visible, the interval of its duration would be the 
same, Attention was also directed to the valuable sug. 
gestion made by Mr. J. N. Douglass, M. Inst. C.E., the 
engineer of the Trinity House, that advantage should be 
taken of the landward hemisphere of the radiant light of the 
electric arc, to provide a beam which should be made to 
issue through a window in the tower below the main light, 
in order to mark certain dangers in Sunderland Bay ; and 
it was stated that 54.6 per cent. of the rearward hemisphere 
of light had been thus utilised. 

The two fixed lights which were inaugurated at the South 
F in January, 1872, were described. It was ex- 
plained how the whole of the catadioptric zones—both 
upper and lower—were in both lights made to parallelise 
the rays in the usual manner. The light, however, incident 
on the refracting portion of each light was distributed over 
the sea from the horizon to within a short distance from 
each tower, by a succession of increasing angles of vertical 
divergence, so that the illumination of the sea became 
gradually diminished as the distance from land was 

essened. In each light there was a rearward arc to spare, 
and this was turned to valuable account, from 67 to 71 per 
cent. of this light being collected and acted upon by optical 
agents, which were particularly described, and thereby 
distributed uniformly over the front azimuthal arc, so as 
to intensify not only the illumination of the horizon and 
the distant sea, but also that of the nearer sea. 

It was mentioned that the two Lizard Lights, which 
were both fixed, and were first exhibited in March, 1878, 
had optical arrangements similar in every respect to those 
adopted at the South Foreland lighthouses, with a slight 
variation in the refracting portions, arising from the cir- 
cumstance that existing “ase had to be turned to 
account in the construction of each apparatus. 

A table was Sepeneté, showing the condensing powers 
_— ag = r ~ of the lights a in 

e r, distinguishing those optica rtions which 
parallelised the incident light from those which gave to it 
special vertical divergence. According to this table, upon 
the assumption that the diameter of the electric arc was 
12 millimetres, the condensing powers in the sea-horizon 
direction were as follow : 


Souter Point—revolving... 236.38 
South Foreland—high fixed 50.17 
South Foreland—low fixed 43.40 


Two Lizard Lights—fixed sai se 58.44 
and data were added for adapting this Table to particular 
cases. 

In a second Table was given the res 
onthe over the near sea, at different 


tive condensing 
istances from the 
hthouse towers. 








Tue SzEGEDIN DrisasTER.—Messrs. Merryweather and 
Sons have received the following information from their 
engineers who were sent to Szegedin with the two large 
steam fire engines purch the Austro-Hun- 
After 
many ups and downs we arrived here yesterday afternoon, 
having slept but a few hours at Coln, Mien, and Jennesvar. 
We had to travel a long way round on account of the flood 
water having spread so far and blocked the direct railway 
route. The snow has been 12 in. deep in some parts, and 
the engine had to plough its way through it. We lost no 
time in finding the burgomaster, who had nothing better 
to offer us than a ‘‘ shakedown”’ in aschool where 800 men, 
women, and children are huddled together. In one room 
we were shown into were 170 persons living and sleeping 
together. The steam fire engines have not yet arrived ; if 
they had we could not get to work for a fortnight, as there 
is still a quarter of a mile of the dam to be made good. It 
is a very sad sight to look round and see the vast destruc- 
tion that has occurred, and the extent cannot be fully 
pictured from newspaper reading. Such hotels as are still 
standing are flooded up to the second floor, and generally 
the city is covered with some 14 ft. to 18 ft. of water. We 
= now about to take a boat to row over what was the 
city. 





THs GASLIGHT AND Coke Company.—This company 
has now a Bill before Parliament which has already justly 
excited the opposition of the Metropolitan Board and the 
local authorities. The City Corporation has joined in 
opposing it. At the last meeting of the City Commissioners 
of Sewers a discussion arose on the Bill, and the Finance 
and Improvement Committee recommended that the second 
clause, by which the fines and forfeitures for deficient _ 
quality of gas were sought to be reduced, should be opposed. - 
Mr. Waller, in strong terms, denounced the measure as 
being intended to introduce a gigantic monopoly (does not 
this already exist ?), and asked whether the public were 
aware that, if the Bill became law, this company had power 
to enter their houses, inspect their gas fittings, and if not - 
to their liking, to remove them, and replace them at the 
cost of the inhabitant. He moved that the Bill should be 
strenuously opposed by the Commission, that petitions 
should be presented against it in the House of Lords, and 
that a conference on the subject should be sought with the 
Gas and Water Committee.—A curious instance of the 
disinterestedness of gas companies came under our notice 
some years Fresh proprietors had purchased some 
extensive oe, and entering on possession, the local gas 
company offered to supply gratuitously new burners. ‘The 
offer was at first thankfa iy accepted, but the firm subse- 
quently found to their dismay that their gas consumption 
had been increased 50 per cent.! The company had in- 
geniously supplied larger burners to replace the old ones, and 





consequently reaped a great advantage. 
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bore 24 ft. long. Thockenp he Seen ’s monster gun is to 
—— of Ce rmwegy = er, = Les oy ae chilled 
iron shell, weighing +) ON ing a bursting charge 
of 22Ib. of wder. The force of the shot on leaving the gun 
is estimated at 31,000 foot-tons, and it is cal that the 
gun can throw its rojectile a distance of 15 miles. The forth- 
coming trials will take place on a 11 miles long, and 















































































NOTES FROM CLEVELAND AND THE sellers were asking 43s. 10d. cash and 43s. 11d. one month, 
NORTHERN COUNTIES and buyers offered 1d. less. Business was done in the 
MrppLesBRover Wedn Jay afternoon at 43s. 10d. and 43s. 114 cash, and one month 

The Cleveland Iron Market.—Yesterday there was & supe, tae reyes wand 43s 10ld. one 
large attendance on "Change at Middlesbrough. The en- prices, anc macked degree of firmness again characte ol 
grossing subject of conversation was the Durham pitmen’s the marke to-day. There was a large amount of business 
—_ oe jad ._— e bm A Ay flome during the forenoon at 44s. 4d. to 44s. 6d. cash, and | the targets will have to be placed at such a distance that the 
pote for the next two or three weeks, and there was no very at 44s, 6d. to 44s. 7}. one month, the close being sellers | gun will have to be directed b other means than the 
decided expression as to which side ‘ould win. It is very at the top quotations, and buyers offering 1d. i n less. | visibility of the object to be struck. The material of which 
possible that the men will on this occasion have to come to In the afternoon there were buyers at 44s. 4}d., the Krupp gun is composed is steel throughout. The core 


; : : asking 1d. more. Shipping iron has been in somewhat | of the gun consists of a tube runni its entire length, as 
ay poy terre ginger able ae. better demand, particularly the special brands for Ger- | in the Woolwich gun, but open at the rear, the loading 
It ws a fact that certain colliery yomrndncel on open their | MARY and since last report an advance of 1s. per ton has om at the breech instead of the muzzle. The tube of 
pits again without they et men to work at the reduced poe ey a eng sr hey, Fo : _ Eoin . length, it has —_ 
wages. Atallevents if the pits are opened without the re- manner Our the tnhe . ato ot took ts”? po ii Lp * 
duction coming into operation the owners will be heavy losers, various le hs, su oem ted b — we ~ oh 
and they can only go on working a given time if they dispose ortion. The pat oe nom 4 Fo ag wy Pero in the 
of their output at a loss. The effects of the stoppage of raser gun, pes approximate more to the pattern of the 
Armstrong ordnance. The gun is chambered, that is to 
say, the powder chamber has a greater diameter than 
the bore. The form given to the powder prisms, and the 
adjustment of the cartesige in the bore, allow altogether 
an amount of space which gives 40 per cent. of air to the 
powder actually composing mne.charge. The rifling is poly- 
gonal with a uniform twist, and the shot is po Bek uy 
means of a copper ring around its circumference near the 
base, the Vavasseur system in short. The closing of the 
breech is effected by the well-known Broadwell system 
adopted for all his ordnance by Mr. Krupp. 


_ The German Navy.—The sonnel of the German Navy 
is to be increased this year by 29 officers and 343 warrant 
trasted with those of the plain-flued sort. The next paper officers, petty officers, and men, although, according to the 
was on the subject of “ Continuous Railway Brakes,”’ by | © plan for the establishment of the fleet, the increase 
Mr. William Bell, secretary of the ted Society | should comprise only 168 officers and men of all ranks. 
colliery owners and pitmen at once coming to some arrange- of Railway Servants. He claimed for the Westinghouse | The engineer department is also to .be augmented by 
ment which will result in the immediate resumption of work. | automatic brake that it was capable of reducing the 95 ae and men, instead of but 73, the number 
It is hoped that something may yet be done which will lead | momentum of a train much quicker than any brake yet in- | prescribed in the plan. Altogether, since 1875, more than 
to an early settlement of the dispute. Prices of pig iron | vented, besides being certain in its application. He stated 000 men have been added to the strength of the divisions 
have of course advanced, No. 3 being quoted 40s. per ton. that in 1874 no less than 170 lines had it on their plant, |of seamen, s0 that the German Navy now comprises 
Messrs. Connal ‘and Co., the warrant storekeepers of |2500 engines were supplied with it, and 8000 cars or | 419 sea officers, 24 engineers, 5459 warrant officers, petty 
Middlesbrough and Glasgow, have a stock of 86,000 tons. | carriages were fitted with it ; and he =e the necessity for | officers, and men in the two divisions of seamen, besides 
They are having a few deliveries ex-store. Their Middles- | having such brakes universal.. Mr. John Laing read a | 1001 petty officers and men in the engineer department. 
brough f.o.b. warrants were yesterday nominally quoted | paper on “ The Electric Pen,” and exhibited two forms of | Of the two divisions of seamen, one belongs to each of the 
37s. 6d. and 38s. 6d. net cash No.3. At Glasgow they the apparatus in working order. two natal stations, the Baltic and North Sea, the head- 
havea stock of 246,500 tons, showing an increase since last| The Coal Trade.—This branch of trade is in a very de- quarters ofithe one being at Kiel, and of the other Wilhelms- 
Christmas of 47,000 tons. The blast furnace owners in| pressed condition {hroughout almost every mining district hafen. Each division is commanded by a post captain, 
Cleveland who have stocks of pig iron hope to recoup Pi Scotland. The miners’ wages are exceedingly low, in and is divided into five detachments, ono of which is. com: 
themselves for the expense in Goes down by selling | some instances not more than from 2s. 6d. to 3s. per day posed solely of seamen gunners. sides these divisions 
their accumulated stocks at advanced rates. There are | »j «J apt 8 5 Sal j ? | of seamen, there is also a “ dockyard division’’ ‘at the head- 
- without considering the off-takes that have to be made ; | \uarters of each station, Kiel and Wilhelm 
some firms who can ill afford to damp down, and efforts | and in many places the week’s work does not extend beyond | % of each station, Kiel an elmshafen. 
will be made by them to procure coke from other districts | four days. én the other hand the coalmasters are almost 
in order to keep their furnaces in operation. universally pron gy wd that prices have been reduced to 
The Finished Iron Trade.—There is no alteration in this | such a low level by keen competition and dull trade as to 
branch of industry. The question of reducing the higher | be totally unremunerative. | At some of the Fifeshire coal 
paid men 15 per cent. is still ander consideration, and it is | shipping ports, especially since the Durham strike began, 
hoped by the men that the matter will be referred to| there have been some very fair shipments. The demand 
arbitration before Mr. David Dale of Darlington. pee home i 7 psy —. iz — ~ 
The Iron and Steel Institute —The forthcoming meetin collieries have been closed rather than that they s tol! 
of this Institute, which is fixed for next month, is Tooked worked at a loss. The gas-coal pits forma sort of excep- 
forward to with interest. The proceedings will attract = Poy rule, as they are pretty well ony ten 
more than ordinary attention, owing to the papers which poe freel next season’s supplies are now being Pp 
are to be read on the important question of steel manufac- atl v 4 , 
ture and the elimination of phosphorus in the Bessemer} The Thomas-Gilchrist Steel Process.—At the last meet- 
ing of the Graduates’ Section of the Institution of Engineers 
and Shipbuilders in Scotland, and subsequently at the last 


converter. The Cleveland district is much interested in 
ordinary meeting of the Philosophical Society of Glasgow, 


the subject, seeing that splendid steel has been made from 
native ore at. Messrs. Bolckow, Vaughan. and Co.’s by the x ) 
and Chemical Section of the same body, the new process of 
ing invented by Messrs. Thomas and Gilchrist, 


Bessemer process and the patent lining of Mr. Thomas. 
seagate: . 8 
The Cleveland Institution of Engineers.— At the meet- and now being wrought out at tl ‘works of Mosers. 
Bolckow, Vancien, and Co., Middlesbrough, was brought 


ing of the Cleveland Institution of Engineers held at 
Middlesbrough on Monday night, Mr. Henry Robinson, of under the notice of the members by Mr. John Mayer, 


Westminster, read a paper on sewage disposal, and Mr. 
ame Bf se. * Mi p= read = woe = 
rought: [ron] Permanen ay] as being le for the 
North-Eastern Railway, with a comparative Review of the FOREIGN AND COLONIAL NOTES. — ‘- a A ee tho Bill, the ohosti 
° Spanish Iron Ore.—Nearly every large field in the | maneee en wry wor oe a edie — 
Bilbao iron ore district has its own railway and loading | 9.4 peing in part 4 hg ‘Bill "thro a ’ 
lace. From Somorostro alone there are no fewer than wihes ont — Siesta e passe ugh com- 







































































Messrs. Connal and Co., up till last Friday evening, being 
245,206 tons. One of the blast furnaces at Shott’s Iron 
Works has been damped out, the total number in actual 
operation throughout Scotland being 87, as against 91 at 
the same time last year. Last week’s shipments of pig 
iron amounted to 13,228 tons, as compared with 9513 tons 
in the corresponding week of last year. Up till the pre- 
sent the exports have increased since Christmas to the 
extent of 32,773 tons. 


Edinburgh Association of Science and Art.—The usual 
monthly meeting of this society was held.on Monday night, 
Mr. James Dunbar, president, in the chair. Discussion 
was resumed and concluded upon Mr. W. Bell’s paper, 
read at the preceding meeting, on ‘‘ The Duplex Steam 
Boiler,” with corrugated furnace and twelve corrugated 
tubes, the advantages of this class of boilers being con- 


the collieries in Durham are becoming more serious every 
day. Blast furnaces consume enormous quantities of coke, 
and the stocks are being rapidly used up. In the Cleve- 
land district most of the fornaces have for upwards of 
a week been on slack blast, and a number of them have 
within the past few days been damped down. Messrs. 
Samuelson and Co. have damped down five, Messrs. 
Cochrane and Co. three, and Messrs. Bolckow, Vaughan, 
and Co. are damping down eight. A large number of men 
will be thrown out of employment at the iron works. In the 
course of a few days the Cleveland miners will be outously 
affected, as some of the ironstone mines will be closed. 

continuance of the Durham strike for another week or two 
will in fact result in paralysing the industries of the North 
of England, and throwing into a state of enforced idleness 
many thousands of men. The only way that the antici- 
pated disastrous consequences can be averted is by the 








Liguttne Apriarpz (S.A.).—The Adelaide City Council 
contemplate accepting a tender for lighting Adelaide with 
kerosene instead of with gas, to economise their funds. 
They also intend appealing to the citizens for authority to 
borrow 20, 

Rivers ConsERVANCY Bruu.—This Bill, whose pro- 
visions we have already analysed in a previous issue, was 
in committee last Tuesday. The Earl of Redesdale moved 
an amendment that property in the uplands should not be 
taxed for the benefit of a previous possessor of property in 
the floodlands. He argued that evidence had clearly 
proved that rivers were flooded through the drainage of 
the uplands, and therefore they ought not to be taxed. 
After some discussion the Duke of Richmond opposed the 
resolution on the ground that ample opportunity ad been 
given for considering the question on the second reading, 
and both sides of the House had agreed that the uplands 
ought to contribute towards the improvement. The 
evidence already taken showed that a + deal of obstruc- 
tion arose from the drainage of the uplands bringing down 
more rapidly than before a quantity of silt, and for that 
reason the Government had resolved to subject them to 
taxation for the general benefit. Considerable discussion 














various Systems in use on the Continent and elswhere.’ 
NORTH. 
NOTES FROM 7: — Wednesday. our railways finished, and one under construction. One gale 

Glasgow Pig-Iron Market.—Last Thursday’s market | of them has a length of 13 miles, the rest are only from four 
wan moe nick all day. Some transactions took place | *° miles long. Notwithstanding the disadvantageous 
during the orenoon at 42s. 10}d. down to 42s. 9id., and conformation of the ground, the expense of constructing 
Sn eee Ota. cash, and also at fs. 1d, to 43e. Otd, | these lines te nen very pen Ng pe eg cemg pedi 
onemonth. The afternoon market was dull, with sales done harboars, on the other hand, is said to have, in se 
at 42s. 10d. cash, and 43s. one month, closing rather sellers cases, cost enormous sums, so that the ore, at last, is not 
at those quotations. Friday’s market was decidedly | 8° cheap. Including the carriage of the ore from the mines 
stronger at the opening, and improved to the extent of 4d. 
per ton, but the close was a shade less firm, and about one- 
half of the gain was lost. There were transactions during 
the forenoon at from 42s. 10}d. to 48s. cash, and from 
43s. 1d. to 43s. 14d. one month, sellers at the close askin 


Te Vacuum BrakE.—Some trials were carried out on 
Wednesday last upon the Great Northern Railway, with a 
train fitted with the vacuum brake combining certain 
new features intended to make the appliance automatic in 
its action and more prompt, so as to enable it to comply 
nee: anew with ~ = of eo i, To 
to the loading places, it costs 6s. 6d. per ton. Of the .2 supplementary apparatus 1s involvin 
seven different companies which carry on mining in the the necessity of maintaining a constant vacuum beneath 
Bilbao group, six are English and one Franco-Belgian. each carriage to hold the blocks off the wheels, In the 
ae tao uee aed by them is exported partly to England, event of a breakaway the vacuum is destroyed and the 
partly to Channel.and North Sea ports. There are no —— i ies bes To rt _ peomgene action 

4 : oe se city has resi " i- 
43s. and 43s. 2d. cash, and one month respectively, an statisties showing how much is mino by these companies; | ental train pemeee 2 ‘of _ en Rag hiae Mbe og oa 
buyers near. In the afternoon prices from 43s. 2d but it is stated that the annual export of ore amounts 0 | ©) col, Jed) and tend: Pr ; , 
te. meth, and from 438, 34d. to 43s. 2hd. one month, | 1,000,000 tons. The ports to which all this ore is com- | T oieut Being ebont 170 tous. The run made eh on 
the market closing with sellers at 43s. 1d. cash, and | Monly sent are Cardiff, Calais, Boulogne, and Antwerp: | Tondon to Cambridge and back, and the followi . tops 
43s. 2}d. one month, buyers offering 1d. per ton less. ‘The | £2 Tare cases it has been loaded for Rotterdam and other | yore made: Two cation stops "from engine ; pany Taree ; 
warrant market was very strong on Monday, and prices North Gen porte. The ore is partly carried by steamers away automatic stops ; one stop'from rear van ; one from 
were advanced as much as 5d. per ton, which was held till which can load 800 to 900 tons, partly by sailing vessels ; front van, and one electric stop from a carriage No 
the close. Business was done during the forenoon at the latter being employed, however, only during the finer scientific a liances were employed to record speeds tim 
43s. 3d. up to 43s. 5d. cash, and at 43s. 5id. up to 43s. 7d. | 2800 of the year, or between May 1 and November 1. or asoon, so that the en obtained a only <4 
one month, the market closing with sellers at the higher nen — eben Beye — proximate and served no useful purpose beyond giving a 
gure vos wre sendy, and a moderate annus wa |r tle to Borde « port toes, | Fy gal ie toning es 2 come 

. 5d. an . 7d. one ; usual in suc e-of-thu 
month, and at the close there were sellers at 43s.5}d.cash,| Krupp’s Great Steel Gun.—Herr Krupp is about to try estimates of different persons on the eaten varied leagily, 
and 43s. 7id. one month, with buyers offering 1d. per ton|at Meppen, Germany, the latest and + steel gun | according to their opinions and powers of observation, but 
pt bey. 5? market — —— oe Lt ‘urther | turned out by his t he - — * arent enoepsenely high speeds were certainly attained. It was 
ovement of 5d. was i : i . i i i 
vance of 10d. per ton aa last eo close. ea ae sconce tt a in. “T " length of Rg is 32 ft. pe 45 ye es fdlgg Ny menor gg oy 
took place during the forenoon at from 43s. 6d. to 43s. 10}d. | 8 in., and that ofjthe bore 28 ft.6in. The ~— 80-ton | seconds, and the distances run in stopping from 150 to} 410 
cash, and from 43s. 94. to 44s. one month, and at the close | gun has a calibre of 16 in., a total length of 27 ft., anda yards. 
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PORTABLE ELECTRIC LIGHT APPARATUS. 


CONSTRUCTED BY MESSRS. MARSHALL, SONS, AND COMPANY, ENGINEERS, GAINSBOROUGH. 





We illustrate above a very convenient arrangement of 
portable electric light apparatus, which has been lately 
constructed by Messrs. Marshall, Sons, and Co., Limited, 
of Gainsborough, to the order of Messrs. Crompton and 
Fawkes, electrical engineers, Queen Victoria-street, for 
hiring out to contractors and others requiring the tem- 
porary use of a powerful artificial light. 

The arrangement consists of a 6 horse power portable 
engine provided with two driving pulleys having extra 
heavy rims, and fitted with the well-known Hartnell’s au- 
tomatic expansion valve gear controlled by the governors. 
As we have stated on former occasions, this gear gives 
remarkable uniformity of speed under varying loads, and 
is exceedingly steady and free from any tendency to pul- 
sate or hunt, a tendency common to all governors which 
operate a throttle valve on the steam supply, but which 
is highly objectionable in an engine driving the dynamo- 
electric machine, as pulsations in the engine speed set up 
corresponding variations in the strength of the current 
produced, with the result that the light becomes un- 
steady. Moreover, the dynamo-machine itself is deterio- 
rated by such irregular motion. 

The dynamo-electric machines used in the case of the 
apparatus we illustrate are the continuous current A size 
Gramme machines of 6000 candle powereach. Indicator 
cards taken from the engine illustrated show that to 
obtain the maximum illuminating power from these 
machines about 3$ to 3} indicated horse power is required 
for each machine ; this of course presupposes the minimum 
of external resistance possible when the lamps are in 
circuit, as when (the lamps being placed close to the 
machines) the conducting cable used is short. 

The machines are bolted on to a strong two-wheeled 
carriage or tumbril, the shatts of which also form the 
distance pieces for connecting it to the smokebox end of 
the engine; this tumbril also carries three drums having 
800 yards of cable coiled on them, commutators for 
switching the current off and on to the lamps, or from 
either machine to either lamp, tools, lamp-boxes, &c. 
The whole is covered by a light tilt cover of tarpaulin 
for protection from the weather. The engine can be put 
down, machines and lamps coupled up, and a light shown 
in one hour. The lamps used are modifications of the 
Serrin regulator, Messrs Crompton and Fawkes having 
designed them to embody all the excellencies of that 
system in a form which enables them to turn out the 
parts in duplicate by machine tools, and thus reduce the 
first cost more than one-half. These lamps we shall 
shortly illustrate. 

The apparatus under notice has been hired out to a 
contractor employed in building the new works for the 
Stanton Iron Works Company, Nottingham, near the Mid- 
land main line. Eighty men can work conveniently and 


without crowding by the light of the two lamps, and they 
state that they can lay bricks as quickly and as well by 
the electric light as by daylight. 


The engine is used by 














day to drive a mortar mill, and both the contractor and 
his employers are well satisfied with the efficiency and 
economy of the light. As will be seen from the particulars 
we have given, the whole arrangement of this portable 
electric light apparatus is extremely neat and con- 
venient. 





NAVAL ORDNANCE. 

Tue following discussion took place after the reading of 
Mr. Merrifield’s paper “On Naval Guns’’ at the recent 
meeting of the Institution of Naval Architects. The dis- 
cussion was opened by Admiral Sir R. Spenser Robinson, 
who said: I think it a great pity that this question 
should not be discussed. Although I am not at all 
ee to enter into the scientific question that is put 

fore us, yet I can give one or two opinions which I hope 
will set the ball rolling, and induce gentlemen more tho- 
roughly competent to deal with this subject, to give us 
their opinions on the matter. As far as what I may call 
the non-scientific part of it—that merely practical part 
which relates to naval officers—I am entirely at one with 
Mr. Merrifield in this sense, that I wish extremely for the 
puewe of naval attack and defence to have the guna 

reechloader. What I thought Mr. Merrifield was so 
right in was that we should gain so enormously in the con- 
struction of our ships, and the power which we could 
develop by breechloading, and that the difficulties and 
obstacles in the way of making a perfect breechloader have 
been so far removed, though they were very weighty at one 
time, and perfectly sufficient to deter us at the moment 
from embarking in the manufacture of breechloading guns. 
I do think those obstacles are now removed. I think 
the discussion we have had to-day on matters relating to 
the manufacture of steel, and developing various new 
forces from iron, has helped us considerably, and I think 
we have come to the time when we might say with perfect 
safety and confidence that our gun manufacturers in Eng- 
land can deliver to us perfectly safe and useful breech- 
loaders. {[ hope that idea will prevail in quarters of more 
importance than my own mind. There have been other points 
referred to by Mr. Merrifield which I confess are perhaps 
rather speculative ; but it is extremely difficult for any one 
who has read the account of the witnesses who saw the 
catastrophe on board the Thunderer to reconcile the report 
of the Committee with the evidence given. There is in the 
weight of the evidence something so remarkable to a prac- 
tical man, that I think I may be excused for referring to 
it. The captain of the ship and others watched the pro- 
gress of the firing. The captain of the ship, and others 
most competent to give a positive and decided opinion on 
the matter, declare that they saw three proj les leave 
the ship, and one it was known to everybody did not ; that 
was the projectile from the gun in the after turret which 
did not fre at all—that was acknowledged and admitted. 
But the great question, and it is a question of evidence, is 
this—is it a fact that the was loaded twice, or is it a 
fact that the gun was disc , and that the shot was 
seen by competent witnesses to go through the air and 
strike the water? There is contradictory evidence. There 
seems to be nothing in this world that is not contradicted 








' F waver. 


in one way or the other, and it seems to me if you really 
want to get at the truth you have to go prodigiously deep 
in the well, and even then you may not find it after all. 
But as far as the evidence goes, it seems to me the con- 
clusion we should come to is, that that gun was discharged. 
Now if that gun was really.discharged, and it was not the 
two cartridges and the two shots that burst that gun ex- 
plosively, there is a very serious matter of weakness in the 
gan, and that serious matter refers itself not only to the 
construction of the gun but to the rifling of the shot and 
the risk of a jamb in the bore. But I have occupied your 
attention a great deal this day, and it would be very unfair 
of me to continue these arguments that have occurred to 
me on the matter ; besides which I see before me gentle- 
men perfectly competent to discuss all the points of this 
very important py But we must admit that Mr. 
Merrifield in his most able and interesting paper has 
put before us matters that we cannot ignore, and which 
we must not ignore. For the advantage of our ship- 
building, we must not ignore the fact that a breech- 
loader is in many respects far better adapted than a muzzle- 
loader to naval warfare, and we have noright whatever to 
ignore this fact—that the explanation of the destruction of 
the Thunderer’s gun is extremely open to question, and 
the decision arrived at may not be an accurate one after 
all; and lastly, this is not the first time—this is not the 
hundredth time—I have heard and been told by men whose 
judgment and value, by men whose mathematical acquire- 
ments I rest on as implicitly as it is possible to do, that 
the whole system of our rifling is an erroneous one, and 
that accidents of this kind might and would happen in- 
evitably. The only comfort I have ever had from that 
very unpleasant reflection has always been the assertion of 
those who so ably and well have supplied us with our 
artillery, that it was perfectly impossible, even if they 
were wrong in the system of rifling, and considering also 
the liability I have adverted to of a jamb taking place, 
that the gun should burst explosively. I am quite sure if 
anybody has ever listened to those who advocate the pre- 
sent system of guns, he has been told over and over 
again, ‘“‘ There may be something in what you say ; but of 
this you may be quite! sure, that no gun of our construc- 
on the Woolwich system will ever burst explosively.” Un- 
fortunately, gentlemen, we know that that is not so now. 
I think, therefore, what Mr. Merrifield has brought before 
before us to-day is doubly interesting] and ought to be the 
subject of our most serious consideration. 

Mr. J. MacFarlane Gray stated that he agreed through- 
out with all Mr. Merrifield had said about guns. He gave 
some particulars of a proposed American application of the 
principle of the Euchatius bronze tubes to guns of large 
calibre of iron or steel. This plan is reported by the in- 
ventor to have been successfully applied by him to a gun 
of small calibre in the United States. Mr. Gray considered 
that guns on this principle will be less heated by firing, 
because, starting from a condition of great permanent 
stress, the range of molecular straining under firing will 
be less, and the heating due to the work done upon the 
material in firing will be also less. 

Captain Scott: My lord,—I wish to say a few words on 
this subject. I do not think the mode of expansion, which 
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has just been spoken of, would tend to strengthen a 3 
but, on the contrary, it would destroy the elasticity of the 
metal. Now, to pass first to the turret. A great many 
mistakes have been made with respect to it. Mr. Merri- 
field has said that he does not wish to curtail the space in 
the turret. I think, having some experience in the matter 
of mounting guns, I can safely say there is not inside the 
Thunderer’s turrets too much space to work the gun. There 
is just space enough to do it efficiently, and for the officer 
directing the firing to have all under Tis eye. It is neces- 
sary, in order to work a gun safely and efficiently, to have 
it under eye control. To go back again to one subject that 
is constantly mentioned, it is said in all the papers that 
there is not space in the Thunderer’s fore-turret or after- 
turret to work a 38-ton gun. Such, however, is not the 
fact. I, as the person who was working with the Admiralty 
at the time they were bringing out these turrets for 35-ton 
guns, drew them out rather larger, considering that after- 
wards, which was present to Mr. Reed’s mind as well as 
my own, these guns might be lengthened. There is no 
difficulty whatever in mounting 38-ton guns and working 
them within the turret, and by working them within the 
turret every operation is under the control of the officer of 
the turret. Can you expect that guns can be efficiently 
worked when the greater part of the gun is out of sight, 
and when the officer in the turret cannot see what the men 
on the main deck are doing at all? How can there be effi- 
cient control under such a system? It is impossible. I 
strongly urged at the time the great danger of loading the 
in such a way, and the danger of it I do not think yet 
Co tom fully apprehended. If the gun were to explode in 
such a condition of loading as the Duke of Somerset 
pointed out (and it is always the unexpected that happens) 
it seems nothing could save the ship. The whole force 
would go downwards and destroy your powder magazines 
and everything, and certainly sink the ship. Again, 
with respect to that, you want the space in the turret. 
You want your slides in the turret for your guns to 
recoil upon. These slides form the strengthening tyres 
of the turret. If you take away those slides you take away 
a great proportion of the strength of the turret. Up to the 
time of the 35-tons guns the whole of the heavy guns were 
mounted upon my principle, and worked out by me, 
with the assistance of draughtsmen and others. One 
uniform system has been carried ont in the muzzle-loading, 
and there has been no accident with any gun whatever, 
because when the charge is put in and when it is fired, the 
gun recoils, and if it does not recoil it is clear that the 
charge is still in the gun. There is one very great advan- 
tage, without detracting from the breechloading system at 
all, which the muzzle-loader possesses, and that is that on 
board ship the gun is fired invariably with some elevation, 
because the shot commences to drop the moment it leaves 
the gun, and the gun consequently comes in in the very 
best position for loading. No elevation is necessary, 80 
that in firing by night they can go on safely firing, know- 
ing that the has the right elevation, but directly the 
elevation is altered for loading the gun you introduce an 
element of error. The fewer operations you can have, and 
the more you can simplify them, the greater is rout safety. 
I have mentioned it before, and I can say, speaking for the 
Prussian officers, who are not willing to say much about 
their guns, I saw on board their different vessels, that they 
are not satisfied with their breechloaders, and consider 
there is an element of danger, that however well a breech- 
loader may answer in firing small charges of powder—and 
there I am entirely at one with Mr. Merrifield—that all the 
upper deck guns should be breechloaders. When you come 
to 70 lb., in firing those enormous charges of powder with 
the gun heating and expanding, I think it very likely you 
would find something go wrong, and the slightest escape 
with these immense charges of powder would prevent you 
from closing the breech, and certainly would disable the 
n. There is another point which I would refer to. To 
oad the gun at the breech, as before indicated, you would 
either have to alter the elevation or load it up hill. You 
are between the sides of the slide, and you cannot so con- 
veniently get at it as you can at the muzzle. It is merely 
a question of common sense. I do not claim for it any- 
thing more than common sense, or some sense at any rate, 
in directing your attention to things that have been done. 
Most of these questions are in reality that. There really is 
no difficulty in first entering your charge, and then you can 
put it home by a stiffened chain, as some of you have seen 
done in the Arsenal. That chain is capable of very great 
improvement and of working with very great exactitude, 
or you may take the rammer and having first entered the 
shot, you may have ropes on the rammer and ram home 
your shot as easily as possible. There is no difficulty in 
doing it. You want no complication of appliances at all. 
Even with the 81-ton gun, there is in reality no difficulty. 
I do not wish in any way to criticise the Elswick plan. 
We know the high renown of that firm in every part of the 
world. We know the great things they have done for the 
Navy of England ; but at the same time I would point out 
that by a simple mode—a mode which is carried out 
throughout our Navy—and which still could be continued 
and applied to 81-ton guns, we could work them with the 
same facility as at present and more. The time of working 
the Devastation guns which are 35-ton guns, is shorter than 
that in which the Thunderer’s guns can be worked in the 
fore-turret. I believe if the after-turret were fairly tried, 
it would be found that the same result would hold 
good there, that the quickness of the after-turret would 
exceed that of the fore-turret. It is nonsense to say that 
because a gun is 3 tons heavier, therefore, as it was replied 
to me, steam was required in the one case and not in the 
other. I said, “ Very well then, put on the 38-ton gun, 
and put the steam, or let me put the steam to the 35-ton 
gun, and I will show you that on the one hand that while 
ou will be able with a trained crew to work with steam 
and I hold that only a trained crew can work with steam), 
on the other hand, with a hasty levy of men, should the 


steam break down, you can at once come to the hand ap. 
pliances,'which are safe and simple.”” Now, if are ridi 
at anchor or under slack steam, you would have to 
your enemy to be good eno to wait until you got your 
steam up. Certainly you would be taken at a very great 
disadvantage if you were in such a condition. Most of us 
who have had much to do with machinery—and I suppose 
I may call myself somewhat of an engineer—know that a 
valve fails in a moment, and you cannot tell what has 
gone wrong. In the different trials that took place on 
board the Thunderer they were two years before they 
could make the gun work efficiently. That is how the ac- 
cident happened. What occurred with the 100-ton steam 
crane some of you may not know. They were ina hurry 
to get the 81-ton to Shoeburyness. It was on the 
wharf all ready, and when they wished to use the steam 
crane it would not work, and they could not get it to work 
for a fortnight. Nobody from that time to this knows 
what was the matter with 

worked by steam. 

I will now turn to the Woolwich gun and the Woolwich 
rifling. Whenthe accident was reported, it seemed to me 
that it might very well have happened by the shot jamming 
when it moved forward. The first part of the rifling in the 
Woolwich is straight, and then it comes to a curve. 
The shot might slip forward until it came to the curve, as 
it were, across the gun, having a good deal of velocity, and 
it might not take up that curve, as has been the case on 
several occasions. I have myself seen marks upon the 
guns which have indicated that it has not taken up the 
rifling, but it has slipped over and wedged in the gun and 
burst it. The tube may have certified that. It is all 
very well to say, ‘‘ Search the gun to see whether the charge 
is home ;” but how are we to do so in the heat of action, 
with the enemy’s ship firing into you all the time? . The 
- “A the appliances are, and the more certain they are, 

e r. 

Then with respect to the twist, what Mr. Merrifield 


n 


says is ectly correct, and he has more clearly pointed 
it out t anybody I have heard. There pena two 
opinions about it. Ido not wish to say ing as to 


faulty construction, because I feel very strongly myself 
that what we ought to dois to try and improve what we now 
have, and in new thi to have what are the very best. 
Therefore, if breechloaders be the best, let us have them ; 
but let us at the same time make use of the guns we have. 
What we require to do to make them far more powerful 
than they are at this time, is first to experiment upon them, 
secondly, to alter the rifling to a uniform twist, and, 
thirdly, to fire iron shot, which must not be turned by 
studs but by flanges. And why by ? Simply 
because of this, that on the first impulse of the powder the 
shot, if it has flanges, rises up from the bottom of the bore 
and goes eT the centre of the bore clear of the dirt in 
the bottom of the bore. Put in studs instead of putting in 
flanges or rings, and the result is that the shot is driven 
right down to the bottom of the bore, and goes along 
through it, dragging with it all the dirt with an enormous 
pressure which has never been fairly tested, and what is 
more accounting very fully for what are called those waves 
of pressure, which you see in the different reports of firing, 
from 17 tons upto 40tons. They tell you they do not know 
why it is. It is as clear as possible. It is the faulty 
system. I have seen several Woolwich guns broken up— 
it is nonsense to say they do not break up. Iwent twice 
to look at the 12-ton gun that burst in proof, I think at the 
second round, merely — an additional quarter of a 
poundcharge. That gan burst and there were marks 
of the studs having slipped over the rifling. I looked at 
that very closely. On another occasion a 12-ton gun went 
to atoms at Shoeburyness. Again another 12-ton gun blew 
out its breech ; it is nonsense to say they do not break up. 
Perhaps it isnot their usual condition, and it is not their 
condition when they have been carefully searched; but 
supposing you have a lengthened action, and want to know 
how you can search the gun, and feel exactly the state the 
gunis in. We all know it is nonsense. Therefore, I 
think we require, for the sake of economy, for the sake of 
the hononr of our country, and for the sake of those sailors 
who we send on board our ships, that there should be a 
full and complete investigation at the present time; and 
Iam satisfied that if a committee or commission were ap- 
pointed —not of those who have had to do with introducing 
the thing—you would have a very satisfactory result at a 
very small expenditure indeed. 

Mr. J. Scott Russell, F.R.S. (Vice-President): I am 
afraid we must all confess that the whole history of our 
naval gunnery for the last twenty years is simply a progress 
of error after error ; an ingenious blunder created by great 
complication, and more ingeniously corrected by doubling 
the amount of complication. The great fault of our present 
steel guns is this—that they are pieces of patchwork. They 
are in this respect pieces of patchwork—that instead of 
being a continuous tube, they are little bits of tube put 
end on end, and then tried to be connected together in 
some way or other, and, if I am not grievously mistaken, 


one bit of the gun choosing to part from another bit of the 
gun at a place where they no junction. Now that this 
should be possible in the great guns of the British Navy is 
all but incomprehensible. Moreover, I saw those guns, 
and visited those turrets before the ship left this country, 
and there is nothing to my mind more pe Aer den or horrib 
than that the men who are in the turret have nothing to 
do with the loading of the guns, and have all the work on 
which their lives depend done by some fellows or other 
down ina dark cell below them. I think it is som 
perfectly incredible, and it is more incredible to me that 
saw falso they had wobbled the deck of the ship up 
here and down there merely that it might get out of the 
way of those fellows below and suit their convenience. 








ow allow me to sum up all that I think is important, 
or most important, in this paperof Mr. Merrifield’s in a 


that hydraulic crane which was | ‘ 


the explosion of this Thunderer gun took place merely by | acq 


few words. Our guns are made of patches, in fragments 
ingeniously tied together. That must be done aw 
with. They had a very bad kind of gunpowder, an 
they had, therefore, to adopt a very ingenious French in- 
vention, namely, the accelerating groove, because they 
would not get a proper gunpowder and make a proper cart- 
ridge. They have now got the right gunpowder and they 
now know how to make a pores cartridge ; but they have 
already rifled all the guns with the wrong rifling, and there- 
fore they are obliged to invent this ingenious bad powder in 
order to suit this wonderfully ingenious bad rifling. That is 
the present state of the matter. And, lastly, because they 
did invent an abominable mode of breechloading which was 
dangerous and intolerable, they said ‘‘Dear me, it will 
never do to say that our plan of breechloading was abomi- 
nable—that would never do. Therefore we must say the 
whole system of breeshloading is abominable.’ ‘“‘ appy 
idea,’’ said the other fellow. Accordingly they said, 
lendling-—-poe ops Union's = Sd tovand wi pum, Sonne 
—you see there is a cov with guns, breech- 
loaders—and not one of them is of the least use. Breech- 
loading is therefore no good, and we will avoid breechload- 
ing.”” In other countries they have beautiful breechloading 
guns, which answer every purpose, and nothing but that 
series of blunders, which we would not honestly come for- 
ward and frankly acknowledge, has driven us into pretend- 
ing that breechloading is bad and wrong, and that we must 
cobble up with this unde: und work, or some other work, 
in order to avoid the blaniens we have made. My lord, I 
say in one word that if any Government will say to-morrow, 
fF We want a perfect new gun without any reference to this 
system.” If they will say, ‘“‘Give us a perfect rifling 
—give us a perfect structure—give us such a bore 
to the as 8 enable the gun'to drive out the shot 
instead of bardting the gun;’’ then, “‘ Let these guns be 
continuous from end to end, and we will not accept a bit of 
patchwork’’—if youjwill only make that request as a Govern- 
ment, and say that is wanted, I undertake that within 
twelve months the ingenuity, science, industry, and skill in 
steel and other matters in country will give you perfect 
; but if you do not absolutely abandon everything you 
eg got, then you cannot mix up anything with it without 
making the old muddle over 
Mr. John R. Ravenhill : My lord, I will not occupy the 
time of the meeting very long on a subject I know so little 
about; but it fell to my lot some few years ago to super- 
intend the ing- up of some wrought-iron guns which 
were sent to our factory by a friend with a view of having 
them, when completed, f led to ia. Those guns 
were perhaps some of the earliest at that time. They were 
made of solid wrought-iren—solid forgings—and the diffi- 
culty with them proved to be the inability at that time to 
insure soundness of material towards the centre of the 
forging. His idea was to introduce if possible the 
wrought-iron gun in lieu of the field gun in use at that 
time in India. He preferred to adopt the breechloading 
system. The guns were finished, and they were sent down 
to Woolwich, where ae aes proved and tried, and the 
result of those proof trials was against the guns. I think 
four went down of different sizes, and in no one case was the 
metal sufficiently sound and good towards the centre to 
answer the criticisms that were imposed on the gun when 
under the inspection of the then Woolwich authorities. 
But since that time changes—great changes—have taken 
place, and there can be no doubt that at the present 
ome if the authorities <4 Woolwich -_ to ne 
in forging large wrought-iron guns, they wou op’ 
oe co — those — yee —— Scott 
Russell, they have used in producing fragments—so man 
fragments —s one gun. I think he was a little tool 
on the Woolwich authorities, I confess, because really at 
the time when the large guns were first commenced, I 
believe the system they adopted was considered equal to 
anything that was then known. There can be no doubt 
that by hydraulic pressure, or with Sir Joseph Whit- 
worth’s fluid compressed steel, vast improvements have been 
made, and my own opinion is that we are on the eve of 
+ changes, and that we shall see steel guns in A 
ie while parties are scheming for the introduction of 
new guns and using a new material, I will simply say to 
them I advocate the breechloading system. As a practical 
man I advocate it, and I would ask naval officers—and 
many of them I know are very very fond, when they get 
ashore, of using an ordinary fowling-piece—whether they 
could not from just that practical day’s shooting say what 
a vast improvement may be obtained with an ordinary 
breechloading fowling-piece over the old muzzle-loader. [ 
say to them think over that, and I believe it is a matter 
which if ewe over will become practicable. 

Mr. Michael Scott: I ask leave, my lord, to say just one 
word. The conclusion which from theoretical considera- 
tions I arrived at was this, that the power to produce 
rotation of the shot with uniform pitch was about 14 per 
cent. of the projectile force. f 

I will just make one remark with regard to steel, because 
it is a subject with which I happen to be practically 
uainted. We all know what Sir Joseph Whitworth has 
done, and I have no doubt he will do still more in that 
direction, because I have ween Ay know that Ae —_ 
masses, such as would be suitable if a gun were built up o 
; steel could now be produced at a lower 


rings, com! 

ice than the wrought-iron class. 
a Cc. W. Merrifield : I think, my lord, that I have very 
little indeed to say, because there have been very few 


observations that I could reply to. I may say, with regard 
to the observations that fell from Mr. Macfarlane Gray, 
that I cannot quite agree with his theory as to permanent 
stress. It seems to me that the gun which he proposes is 
very much in the condition of first straining a rope to the 
greatest tension it will bear, and then pu an extra 
weight on it. With to Captain Scott’s observations 
abont the doubts as to hloading in Germany, it is quite 
true that I have heard those doubts expressed, but I rather 
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| it is with te cites natures of posehlontaen used in 
than wi! more recent guns. At any rate, 
I dnd Brosnan officers are not so a with ie md 
as propose in any wa revert to muzzle- 
ing. With regerd to the danger of gas escape in 
foading. Wil I have no doubt that is the case where bad 
powder is burnt, and I suppose, under any circumstances, 
if the breech of a gun is to be thrown open, especially with 
the wind blowing down the muzzle, in a confined turret, 
some means would have to be taken so that the gas would 
blow out of the gun in some other way, ins of back 
into the turret. That presents no mechanical difficulty, 
it merely wants a fan or a blower of some sort which in- 
volves no complication whatever. I think these are all the 
remarks that I have to make. To tell the truth, I am dis- 
appointed to find that I have so little to reply to. I was in 
hopes there would have been a little opposition tomy views, 
but as it is I can only thank the meeting for the attention 
they have given me. 

President: I am sure we shall all thank Mr. Merri- 
field for having contributed this paper on a subject which, 
especially now, is one of the greatest possible moment. I 
regret, with Mr, Merrifield, that the discussion has not 
been longer, because we cannot hear too much of such an 
important subject. 








TRAMWAYS. 

Tae report of the Committee of the House of Lords 
appointed ‘‘ to inquire into the regulations which it may 
be desirable to impose in relation to the construction and 
use of tramways’’ was published on Monday. The follow- 
i the tions which 
irable to impose at 
the present time in relation to the construction and use of 


tramways: 

“1. It is desirable that, wherever it is possible, tram- 
ways should be constructed and maintained, but not 
worked, by the local authority. 

**2. The preliminary consent of the local authority to 
the construction of tramways by private promoters should 
be required as at present, with the exception that where 
h the districts of more 

one local authority, and those authorities differ as to 
whether it should be sanctioned or not, there should be an 
appeal to the Board of Trade. 
freedom of contract between the 








‘4. The periodical revision of fares and tolls should be 
provided for. 

“*5. The use of steam or other mechanical power should 
only be conceded for a limited period, not exceeding seven 


years. 

**6. Notices should be served upon any railway company 
across whose line it is proposed to carry a tramway on the 
level, and upon any railway or canal company whose 
bridges are intended to be used for a tramway; and the 
attention of the Board of Trade should be ed to all 
cases of level crossing, and they should require a special 
nowt from one of their inspectors in every instance of the 
kind. 

**7. No absolute minimum width of street or road 
should be laid down, and the veto conferred, under certain 
circumstances, by Section 9 of the Tramways Act, 1870, 
upon one-third of the frontagers should be done away 
with ; but asa general rule there ought to be a space of at 
least 9 ft. 6 in. between the edge of the tramway and the 
kerb, and a minimum width of 24 ft. from kerbstone to 
kerbstone; it should, however, be left to the Board of 
Trade to decide, according to the special circumstances of 
each case, what width of roadway is ne gy to provide 
adequately for the safety of the public and the convenience 
of ordinary c. 

“8. No preference should be given to one gauge over 
another, but the width of gauge should be settled freely, 
according to the circumstances of each case, Section 25 of 
the Tramways Act, 1870, being altered accordingly. 

“*9. The rd of ‘Trade should instruct their inspectors 
to pay particular attention, in their inspection of tram- 
ways, before they are ous for use, to the solidity of the 
permanent way ; and should also, in the case of existing 
tramways, satisfy themselves, before sanctioning the use 
of mechanical power, that the permanent way is constructed 
in a sufficiently solid manner to bear the increased wear and 
tea 


r. 

**10. The Board of Trade should have power to regulate 
the width of groove to be used in the rails, so as to protect 
the wheels of carriages or other vehicles as far as possible 
from being caught in the grooves. 

“11. A tramway com which fails to keep its rails 
and its own part of the in good condition and ir, 
in accordance with the requirements of Section 28 of the 
Taner i 1870, should be made liable to a penalty 
not e - a day. 


“12. The Trade should have power to make 
ions which should be of general application to the 
following points : 








“a. The general speed to be permitted. 

**b, The speed on passing through narrow streets or 
roads, or approaching facing points or other places where 
a low is desirable. 

“ce. The pulling up of cars at the intersection of cross 
streets or roads, or at other places where such a precaution 
may be advisable. 

“d. The stoppage of cars in cases of horses becoming 
alarmed or of impending danger of any kind. 

‘*e. The provision of efficient self-acting brake- 
goers regulated to the satisfaction of the Board of 

rade. 

**f. The use of bell, whistle, or other warning appa- 
ratus. 

‘*g. The provision with every engine of a fender, and 
also, as far as possible, of an indicator. 

**h. The freedom of engines from noise, smoke, and the 
emission of steam. 

“*¢. The concealment of fire in engines. 

**k. The safety of passengers in their ingress and egress 
to and from the cars, and their p from machinery. 

“1. The posting of regulations and bye-laws in con- 
spicuous places. 

‘‘m. The numbering of engines. 

‘nm, The position of the engine driver, who should be 
placed in front of the engine, so as to command the fullest 
possible view of the road before him. . 

‘© 13. The penalties for breach of these regulations 
should be of moderate amount. . 

“14, The Board of Trade regulations should be applied 
to all tramways, whether established by private Bill or by 
provisional order. 

** 15. In the event of the promoters of any tramway 
failing to comply with the regulations having reference to 
the preceding points, the Board of Trade should be em- 
powered to suspend the use of steam or other mechanical 
power on the tramways belonging to such promoters until 
the Board has reason to expect that the regulations will be 
obeyed for the future. The Board of Trade should make 
annually to Parliament a return of all the cases in which 
they have exercised this power. . . 

‘16. The Board of Trade should be at liberty to inspect 
engines and boilers whenever necessary, and to prohibit the 
use of those which may be found to be unsafe. 

“17, The Board of Trade should be permitted to grant 

ial licences, to be in force for a limited time, for 
the experimental use of steam or other mechanical 
power on tramways not otherwise au to use such 
power.”’ 


Loahs 
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COAL MINING AT THE PARIS 
EXHIBITION.—No. XIII. 
Tue Epmac Couiiry Company (Saone-ET-Loree). 

The collieries of Epinac exhibited at Paris : 

1. A full-sized specimen of the atmospheric column 
used for raising coal, comprising different kinds of 
rings and details, with a piston, cage, &c. 

9. A collection of drawings to scales from } to x35 
of the atmospheric system of hoisting. 


Fra. 1. 





Fria. 5. 


3. A relief map of the Epinac basin, uncovered to 
the coal levels, to a scale of sess. 

4. A surface plan (z755), a plan of the workings 
(x¢ss), and sections of the basin (z7'55 to , 

5. Views of the plant at the Hottinguer shaft, 
and a collection of views of the different installa- 
tions of the company. 

6. A complete map of the workmen’s towns 
(scale 5755), and drawings of the houses, schools, &c. 

7. Specimens of coal. 

The advocates of the atmospheric system of 
raising coal, a system of much interest, and of recent 
date, claim for it the following advantages : 

_ 1. That raising coal by means of cables is imprac- 
ticable beyond certain depths. 

2. With the atmospheric system of hoisting, it 
becomes easier as the depth increases. 

3. Besides this the atmospheric system offers 
humerous advantages, of which may be mentioned 
that of contributing greatly to the ventilation of 


The first claim requires special examination, and 
raises an interestin —* It is certain that 
mining operations which remain simple and easy, a8 
long as the depth is not very great, become complex 
and difficult when the depth is increased. 

These difficulties vary greatly, and more rapidly 
than the depth itself; in the winding engines 
because there is added to the useful load to be 
handled an increasing dead weight, from the 
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fact that with greater depth the weight of the 
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cables increases very rapidly ; because economical 
working involves the necessity of large useful 
loads; and because it is impossible, as the charges 
increase, to diminish the speed of winding, but on the 
contrary these should be augmented in order to 
raise the greatest possible quantity. 


that is to say, will permit’ the deepening of the shafts 


much more than they are —— bis is an im- 
portant question in a point of view, as it 
actually presents itself in some of the mining dis- 
tricts, such as that of Charleroi and in certain metal- 
lurgical districts such as the Harz and Bohemia, 
where the depths reached are already from 875 yards 
to 984 yards, and even 1093 yards, It will not be 
long before measures will be taken in other parts to 
meet the difficulty, while with the development of 
mining industry it is fair to assume that the depths 
attained will continue to increase rapidly, and the 
advocates of the pneumatic system claim that this 
arrangement will enable workmen to descend to 
any depth. A vertical rod which is fixed, or which 
has only an up and down movement, can be inde- 
finitely lengthened without risk of breaking at its 
upper end under its own weight, provided that it is 

need in sections by means of counterweights 
distributed over its length. Such a rod could have 
a uniform section as if it were placed horizontally. 
A rod so balanced suffers no strain through its own 
weight, the only weight on it being that of the men 
placed on the platforms. It is only this number of 
men that causes any strain on the rod, and which— 
attention being paid to their mean speed of ascent— 
rules the power to be given to the machine. 

The conditions are not the same with a winding 
engine, in which the cable is unrolled and rolled on 
a drum, and which cannot be balanced by means of 
counterweights. It can be balanced as to its 
weight upon the engine, but this does not alter 
the fact that the cable’in the shaft must sup- 
port at any given point besides the load at the ex- 
tremity, the weight of the cable lying below that 
given point; this consideration sets a limit on the 
depth practicable when cables of uniform section 
are employed. It will be seen that with 
a given weight P per, foot run, when the limit of 
the load which can be applied to it equals Q, 
it will be fully loaded by its own proper weight 
and will be able to carry nothing at the extremity 
when its length HxP=Q. It will be found 
that for a hemp cable the limit of length is 2500 ft., 
with iron wire cables this length may be in- 
creased to about 3000 ft., and 50 per cent, more 
for steel cables. By the introduction of cables of 
diminishing section, the height ceases to be theore- 
tically limited, and the total weight of such a cable 
fora given load R at its extremity, and a given 
height H, may be calculated by means of the formula 


«Ek { —_ 
Q ( ;): in which # is a constant varying 


with the nature of the cable employed. 

Below is given a Table of three examples of 
cables of different heights. This Table shows 
how with an increasing depth the masses to 
be put in movement also increase with a pro- 
portionate enlargement of the cables, and the 
consequent difficulties as well as the increase of 
— in the head framing an ea and in 
fact the general enlargement of the parts. It 
will be seen that there is no theoretical impossibility 
in hoisting from any given d by means of cables 
of varying section, but that all the apparatus in pro- 
portion as the depth increases require to be in- 
creased, and to raise a useful load the weight of the 
masses to be put in motion increase with great 
rapidity. Several efforts have been made in dif- 
ferent directions to avoid these difficulties, The 
firat system put into practice was that of M. Mébu; 
this apparatus, extremely well elaborated, is shown 
in the work of M. Ponson, and consists of a kind of 
Fabrkiinst with two oscillating rods, one serving to 
lower the empty wagons, the other to raise the full 
ones, only the wagons after having been raised or 
lowered through the desired distance, remain in 
place, being stopped by a locking gear during one 





oscillation of the rod, and resume their movement 
in the desired direction during the following oscilla- 





H=500 m. | H=1640 ft. | H=1000 m. | H=3280 ft. | H=1500 m. | H=4920 ft. 

Total weight at small end ... tok: 3600 k. 7920 Ib. 3600 k. 7920 lb. k. 7920 lb. 
Weight metre at the small end... 3.6 k. 2.43Ib. ft. 3.6 k. 2 43lb. per ft. 3.6k. 2.43 1b. 

SSecetea tue De -| BE | a | GRE | Se | aR | eae, 
Total weight of cable Be 2300 k. % 5 4 5 fs 
Mean weight ee or ioe 4.6 k. 3.08 Ib. 6.2 k. 4.14 Ib. 8.3 k. 5.58 lb. 

train { upper t 

’ ana ofl iiftiog a free 4 5900 k. 12,980 Ib. 9786 k. 21,529 Ib. 16,100 k. 35.420 lb 


























the mine, and the removal of explosive gases. 


The question, then, is to know if the means used 
and ised in the art of mining, for the extraction 
of the substances mined, and for the descent of the 
workmen, will satisfy all conditions in the future, 





tion. The Augin apparatus, ~—— working under 
the eye of the inventor, as well as the two apparatus 
of Ponckaies, did not give satisfaction, and 
after several years of experiment they were 
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abandoned. The second , which is the sub- 
of this article, was exhibited at the first Exhi- 

tion of Paris by a well-knowninventor, Mr. Cave, 
but the model, which was quite small, passed almost 
unnoticed. In this system, which was that of a 
vertical atmospheric railway, the load was raised 
either by means of compressed air below the piston 
or of partial exhaustion above it. It is easy to 
understand the whole shaft or one of its com- 
partments closed around with a uniform sec- 
tion, and containing a piston exactly fitting this 
section, and on which is placed a platform below 
which is sus ae the fond ve be ot _ 
iston fits tightly against the sides of the t by 
Faitable packing. An exhausting engine on the 
surface creates above this piston a partial vacuum, 
or below it a certain excess of pressure, which, 
whilst the opposite face of the piston is in free 
communication with the atmosphere, balances the 
weight of the piston and that of the load on ascend. 
ing, and the dead weight of the piston only in 


The ent is illustrated by the drawings 
on the previous page. It consists of a metallic 
tube freely suspended in the shaft like a pum 
column, and containing a piston B, Fig. 2, whic 
hauls direct on a train of a given number of vehicles 
placed in a cage; the tube, which is in communica- 
tion with the atmosphere in order to take air and 
allow it to escape, is connected at the top with an air 
compressor, and is also in communication with the 
outer air by various orifices which may be opened 
or closed at will. When the train is raised by the 
action of the compressor, the air enters the bottom 
of the tube. On descent of the train, effected 

the admission of air on the piston in the tube, the 
— had entered the latter during the lift is 
e tube is simple or compound ; in the first case 
it consists of a — column, in which ascends and 
descends alternately one train loaded or empty ; in 
the second case it comprises two columns coupled 
together as in Fig. ] in such a manner that an empty 
train descends in one at the same time as a full train 
descends in the other. With a single tube the 
pneumatic engine exhausts the air from above the 
piston, which has been admitted from the atmo- 
ere or from a reservoir of variable volume suit- 
ly situated. With a compound tube the air ex- 
hausted from the tube containing the ascending train 
is forced into the one containing the descendin 
train. Under all circumstances the trains are hel 
in constant equilibrium, and the m works 
equally for lowering them by the simple effect of 


gravity as for _ them on means of the 
neumatic engin eir speed being precisely regu- 
fated on one tae for the ( wtimary 2 the volume of 


air admitted on the piston, and on the other hand 
for the ascent by the volume of air exhausted from 
above the piston. When the train descends, it 
drives before it the air which is below the piston 
into the mine if it has been charged with cool air, 
and to the outside if it has been charged with hot 
air, at other turns according to whether the air 
which propels the ascending train is taken from a 
current of cool or warm air, it is expelled into or 
outside of the mine by the descending train. As to 
the air which is admitted on the piston during the 
descent, and is withdrawn during the’ ascent, it 
comes freely from the atmosphere, and is delivered 
at each stroke if the tube is single, or on the con- 
trary it passes alternately from one tube to the other 
if the latter is compound, that is if it is connected toa 
= tube or with a reservoir of variable capacity. 

@ atmospheric system oi hoisting also venti- 
lates the shaft, only its action in this case is inter- 
mittent ; it is not, therefore, sufficient for ventilation, 
to which, however, it contributes in a more or less 
important degree Such are the general arrange- 
ment and functions of the system, in addition to 
which it — a special characteristic dependent 
on the influence exercised by the barometric pressure 
upon the mine gases. By means of the powerful 
pneumatic engines capable of main‘aining a vacuum 

f an atmosphere, the mines can be arranged so 
as to be be closed in the absence of the workmen, 
and this Sa ae ie con yet as far as the 
arrangements 0 an eries permit. 
Under these conditions the mine gases are driven from 
the spaces that they occupy, and withdrawn from 
me pee ee S e coal in which they are 
compressed, the atmospheric being dis- 
tributed through the mine to the degre a ae i 


size of which is regulated, so as to produce in the 
works a current of air corresponding to the capacity 
of the exha engine. After the latter has been 
at work for a short time all the galleries will be filled 
with fresh and pure air, replacing that which was 
vitiated and charged with mine gases, the engine 
is then stopped, the air brought back to ordinary 
pressure, and when the workmen return to the mine, 
all the gases will have been expelled, Without 
waiting for a natural fall in the barometer, relatively 
of small importance, a great depression in the mine 
will have been made by the engine, and the purifica- 
tion can be effected rapidly and completely. Whether 
a single or double tube is used the system is de- 
pendent on the following rules: Under a given 
depression the total weight raised in the tube is 
proportional to its section, as for a given section it 
is proportional to a given depression. The piston 
traverses with a velocity proportional to the volume 
of air exhausted by the engine in such a way that 
the speed of the ascending train is proportional to 
the ratio between the capacity of the engine and the 
section of the tube; in other words the tonnage of 
the train is proportional to the section of the tube 
and its speed is proportional to the power of the 
engine. 

e now proceed to the construction and installa- 
tion of this system. The tube comprises sections of 
various kinds of wrought iron, steel, and cast iron, 
connected with each other by means of bolts; of 
various details, such as doors, stops, taps, valves, ex- 
haust pipes, keys, and barometers, necessary to the 
working of the system; finally the train com- 
prising the piston, cage, and wagons. The ordi- 
nary sections are made, for a diameter of 63 in., 
of iron plates from }in. to ;4 in. thick. These plates 
are rolled in the form of a cylinder and joined by a 
cover plate 6} in. wide and } in. thick fixed by means 
of rivets, the inner heads are countersunk ; at the 
top and bottom of the section are angle-irons 
2, in. by 2, in. by }in. thick. The contact faces 
of the angle-irons are carefully turned, and sixty 
holes are formed in each }, in. in diameter for the 
bolts by which the sections are fastened together ; 
the framing outside the tubes by which the latter is 
suspended is connected to these angle-irons, The 
weight of each of these sections is 1100lb. The 
sections containing the doors are made of cast iron, 
they are of the same interior diameter as the ones 
just described, and with which they are connected 

y means of angle-irons, The thickness is jin., 
and the height of each section is 47}in. They are 
furnished with two openings 39}in. wide and 
434 in. high ; these openings, which serve for the in- 
gress and egress of the wagons, are furnished with 
guides, in which slide the cast-iron doors, that by 
means of counter-weights are raised and lowered at 
will. All contact surfaces are quite plain, and a per- 
fect contact between the doors and the tube is ob- 
tained by the exterior pressure. Projections are also 
formed on these sections, on which are fixed the 
supports of the stopping levers, These lengths 
weigh 1.4 tons complete with the doors. With the 
double object of facilitating the service for the inter- 
mediate levels, and to insure safety at the surface, 
safety valves are introduced into the tube. These 
valves or registers are open when the train is at the 
bottom and closed during the journey and on the 
arrival. The sections containing them are made of 
cast iron about 12 in. deep, and carry at the side 
a rectangular box, in which is placed the valve 
of the register. This latter bearing on the grooves 
in the section and in the box is guided in its motion 
by two transverse rods working in stuffing-boxes ; 
it is controlled at the surface by a lever and 
wheel acting on a pinion which gears into a guid- 
ing rack; the weight of the section complete is 
3 tons. Other sections contain the inlet and outlet 
air-valves. There are also junction lengths which are 
like the sections first described, excepting that they 
are only from 20 in. to 40 in. long ; they are placed at 
intervals of about 160 ft., thus separating the 
column into lengths. They are also convenient in 
facilitating the operation of replacing any of the 
sections. All the joints between the sections are 
made with rubber rings 
double advantage of securing perfect tightness, and 
at the same time allowing for expansion. 

The exhaust tube extends from the lower part 
of the column to its summit ; it communicates at the 
bottom with the column by means of the exhaust- 
valve chamber ; at the top, by means of a valve which 
can be closed at will. Its diameter is 193 in., 





upon. The galleries are placed in communica- 
tion with the outer air by means of an orifice the 


and is made of wrought-iron } in. thick, joined 


together with angleirons and bolts; the joints 





¥y in, thick which have the | P° 





between the angle irons are made in hemp. The 
exhaust pipe serves to allow the escape into the at- 
mosphere during the descent of the trains, of the air 
from the mine introduced into the tube during their 
ascent. The valve placed at its upper end allows 
the attendant on the surface to stop the train by 
closing it, either for checking any error on the part 
of the attendant below, or to moderate the speed in 
case of the access of air in considerable quantities, 
To guide the attendants, also, there are barometers, 
chronometers, hydrometers, and tables. These latter 
indicate in terms of the load of the train, the time 
necessary for their ascent, according to the exhaus- 
tion of air during the lift, and the admission of air 
during the descent. 

The train consists: 1. Of an upper piston; 2. A 
cage containing the wagons; 3. ‘the lower piston. 
The upper piston is formed of two portions greater 
than the height of the doors of the tube, but less 
than the distance existing between two doors; this 
arrangement jallows the train to pass easily by 
the doors where the tube is not a cylin- 
drical. It is to the upper piston that the cage of 
nine stories is attached, each of which contains 
one wagon. ‘The lower piston completes the 
train, and serves as a guide, and closes the tube 
during the transit. It is supplied with a valve 
opened —— ascent in case the train carries 
eg rea e reception at the pit mouth is made 

y three distinct operations, by which are taken out 
and replaced successively, three by three, the nine 
wagons of the train, ‘The first operation deals with 
Nos. 1, 4, and 7; second, with Nos. 2, 5, and 8; and 
the third with Nos. 3; 6, and 9. Each operation is 
performed by bringing successively, by means of 
the exhaust and admission air-cocks, the train 
against the locking bolts, ‘The train is raised and 
lowered at will under the action of the air, which is 
entirely under control, The pistons are made 
of wood, or of wood and steel. ‘They ere re- 
quired, with the least possible weight, to give the 
necessary resistance, to be elastic, and at the same 
time tight. The twolatter qualities are obtained 
bya packing of leather, behind which are placed forty- 
eight segments of wood or hollow metal held out by 
ninety-six brass wire springs; the cage is also of 
steel in order to reduce the weight as far as-possible, 
it is similar to the cages employed in ordinary prac- 

}and only has the peculiarity of being attached 
to ms by a suspension rod, around which it 
turns freely. By this t it is possible, 
when the rails on the surface do not correspond with 
those below, to bring them easily by hand into the 
position which they must occupy to run off the 

Whether there’is only one tube or two 
combined, the arrangement in the shaft should be 
placed for an easy removal of the sections, and also 
to allow of communication — the — b fone 
of ordinary engines, cages, &c. ; contro y an 
auxiliary engine, in order to facilitate the main- 
tenance of the shafts; to inspect the exterior of the 
tubes and their supports; to extend the length of 
the shafts ; to prolong the tubes, &c. 

In the illustrations on the previous page, Fig. 1 is 
a general view of an installation of a double column, 
and shows the arrangement and mode of operation. 
At the surface the three stages for unloading the 
wagons for each column are shown, and in the mine 
the mode of admitting the wagons at the different 
levels. Figs. 2 and 3 are diagrams of the tubes 
showing the doors A A, the pistons B and B', the 
wagon C and the empty cage. Fig. 4 is a plan of a 
shaft, and Fig. 5 is an enlarged section of a cast-iron 
length of column and attachments. 

It was in accordance with this arrangement that the 
shaft of Hottinguer was sunk about 14 ft. in dia- 
meter. Within this shaft is a wooden framing form- 
ing a rectangle about 11 ft. square, this rectangle is 
divided in its turn by two, other partitions, and in 
one of the divisions thus formed the tubes are 
placed, and in the other the cables, &c. ‘The timbers 
employed in this staging are 8 in, by 10 in, for the 
principal members constituting their main frames, 
and 4 in. by 10 in. for the others. It is to this staging 
that the tube is suspended by means of suitable sup- 
rts. The works are completed in the Hottinguer 
shaft, with 485 sections in a total height of 1980 ft., 
the tube having a total weight of 342 tons as follows : 


Tons. 
Weight of tube ... 245.5 
Miscellaneous 12.5 
Connecting bolts... 9.7 

pipe... eee 22.0 
Ironwork carrying tube oe ve 51.5 
Rubber joints 60 ste oe 
Total 342.025 
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Of the 485 sections, 467 were supplied to the 
Epinac Company from the Creusét Works, and most 
of the fittings were furnished by Messrs. Revollier, 
Biétrix, and Co., at St. Etienne. 

The following are some of the claims made by M. 
Blanché for this system. It can be adapted to 
shafts of any depth, and its superiority over the 
ordinary mode of working by catio pentane rapidly 
with the depth of the shaft. It assists [ pee the 
ventilation, and consequently does much towards 
reducing the temperature of the air in the mines ; it 

its not only without expense of power the de- 
scent of workmen, iron, timber, and materials of all 
kinds, but it also utilises the work produced by each 
train descending by imparting a portion of the 
velocity of the air coming from the tube. It can be 
used equally for draining mines by substituting tanks 
for the ordinary e. The arrangement at the 
Hottinguer shaft is only on a small scale, the power 
available being insufficient, and giving only a speed 
of 18 in. per second to the wagons, but it is going 
to be extended and completed by the end of the 
resent year by means of a powerful engine which 
will exhaust 12 cubic metres per second, and which 
will drive the train with a speed of about 20 ft. per 
second. According to the investigation made 
above, anengine of 960 horse power would be re- 
quired for the work. The temporary engine which 
is at present in use raises in 20 minutes from a depth 
of 1970 ft. trains weighing six tons, 50 per cent, of 
which is useful load. The same machine when em- 
ployed to raise coals by cables, could be only used 
to raise half a ton in eight minutes, From this it 
will be seen that the performance of the engine is 
largely increased by this mode of operation. The 
larger machine, which will raise the train at 20 ft. 
per second, is expected to consume for a depth of 
shaft of 1000 yards 3 per cent. of the total amount 
of coal raised, or with a depth of 600 yards 1.8 per 
cent. only. In hoisting by cables the consumption 
is from 5 to 6 per cent. for a depth of 1640 ft., or 
12 per cent. for a shaft of 1000 yards. As to the 
ventilation produced by the tube it has been found 
possible at a depth of nearly 2000 ft. to drive a 
gallery more than 300 yards long. 

Since this system has been working at Epinac 
during a period of 18 months, no prejudicial wear, 
has taken place in the tube or material for the train, 
the same piston is working, and the same leather- 
packing used as at first, and all the miners employ 
the tube both for descending and ascending. 


PAN AMALGAMATION OF SILVER ORES 
IN NEVADA AND COLORADO. 
By T. Ea.eston, Ph. D. 
(Continued from page 191.) 

ABOVE the pans, as at the Brunswick Consolidated 
Virginia and all recently constructed mills, a track 
with a 12-in. gauge is attached to the framework 
of the roof, which carries iron rails. The cara run- 
ning on this track have eye bolts for chain blocks, 
which are used to lift off the covers when neces- 
sary, and to take out the muller when the pan is 
to be cleaned. This arrangement is made not only 
on account of convenience, but also to guard against 
accidents, which were always happening to the feet 
of the men when an ordinary block and tackle were 
used, The muller or cover, or both of them, may 
be removed by the overhead tackle, carried to any 
part of the mill, placed on the floor or kept sus- 

ended, according to the requirements of the work. 
t is no trouble to run the car to any spot, while it 
was not easy to attach the block and tackle, so that 
the pans are more carefully watched than formerly. 
The arrangement of the pans in the Consolidated 
Virginia Mill is shown in the two-page engraving 
a our issue of January 17th last. The 
uilding having the pulp and slime vats is shown in 
Figs, 22 to 25, and the pan and settler frames in 
Figs. 26 to 32 on the next page. 
fore charging, water sufficient to cover the 
muller is introduced into the pan. If the pan is 
open, it is introduced from a discharge pipe above 
it. If it is covered, an india-rubber pipe is attached 
to the discharge pipe, which eaters the pan, in the 
Brunswick Mill, through an opening in the cover 
lin. by 8in. The charge of ore is then put in. 
A charge varies usually from 800 ]b. to 4500 lb., the 
latter charge being usually for treating slimes in 
very large pans. At the Eureka Mill, Nevada, 
where the Wheeler pan is used, the charge is 3200 Ib. | 
At the Brunswick Mill, near Carson City, where | 
the Horn pan is used, it is 2600lb. At Stewart's 
mill in Georgetown, Colorado, where the Varney 
pan is used, it is 11001b, In Judd and Crosby's 





Mill, Georgetown,-where the combination is 
used, it is 28001b,- At the Nederland Mill in ° 
itis 8501b. Thee of ore and water fills the 
pan about half full. e pulp becomes in this way 
about as thick as batter. In some mills, as at the 
Eureka, it is made as thick as the muller can 
move in. 

In charging it is. usual to raise the muller about 
gin. to }in., and the ore, roasted or not, is either 

umped upon ‘the floor in front of the pan and 
shovelled into it, which takes about five minutes ; 
or, in the case of covered pans, the car bringing the 
ore contains the charge, and is arranged to dump 
its whole contents through an elliptical hole 18 in. 
by 20 in. in the cover of the pan, asin the Nederland 

ills in Colorado and the Brunswick Mill in Nevada. 
While the charge is being made the muller revolves 
from 60 to 90 revolutions a minute; at the Conso- 
lidated Virginia Mill they make 90. At the Eureka 
mill it makes 85, at the ened: 88, at Stewart’s 
70, at Judd and Crosby’s Mill 60, and at the Neder- 
land 75. It is absolutely necessary that the muller 
should be in motion when the charge is made, in 
order to save power, for the reason that if the charge 
was made directly upon the muller, it being motion- 
less, it either could not be moved, or the force re- 
quired to start it would be so great that it would be 
liable to break. This rapid revolution causes the 
pulp to rise almost to the top of the sides of the 

an, As soon as the charge is made the muller is 
owered so that the shoes and dies almost touch. 
Steam is now introduced to raise the temperature 
of the pulp to from 160 deg. to 200 deg., when it is 
shut off. The charge will be in the pan on an 
average about five hours, Atthe end of 1 to 1} hours 
the ore is reduced to a fine pulp. Itis tested by 
feeling it between the thumb and fore-finger, and 
when the proper grain is recognised by the touch 
the mercury is introduced. The time of grinding 
is sometimes as long as four hours, when by accident 
rebellious ores which have been roasted with salt 
are not well chloridised, as it is often cheaper to 
reduce it in the pan than to re-roast it. Sometimes 
the muller is raised when the mercury is introduced, 
and sometimes it is allowed to grind until within 
three quarters of an hour of the time of discharging 
the pan; but generally the mercury is not added 
until after the grinding is finished. The object of 
raising the muller when the mercury is introduced 
is to prevent its flouring. When the muller is raised 
after the mercury is added, the materials for quicken. 
ing and saving it are added. 

o secure the best grinding the pulp must be 
thin, to secure the best amalgamation it should be 
about the consistency of honey, so that the best 
practice consists in having the pulp thin at first, but 
so arranged that when it is ground it will thicken 
sufficiently to cause the mercury, as soon as it is 
broken up into small globules by the motion of the 
muller, to-become diffused and suspended in the 
pulp. In order to ascertain the exact condition of 
the pulp, it is usual to take an assay sample which 
should show the mercury evenly distributed. If 
the pulp is of the proper consistency, all the small 
globules will be carried by the current which comes 
out from under the muller to the surface and return 
again with the current, and the large globules will 
sink through the pulp and be thrown up again. 
The production of the most efficient current is the 
object and aim of all the inventions of pans, and 
hence the number of shapes of the shoes, the slots, 
openings, and grooves in and through them and the 
muller, to produce the continual discharge from 
under the Fn thus throwing the pulp to the 
surface, and causing a return of the current under 
the shoes. In some cases the mercury is introduced 
from the commencement ; this is a bad plan, for the 
reason that the mercury being ground with the ore 
is likely to become floured and lost, 

The quantity of mercury charged varies in dif- 
ferent mills, and with different ores, according 
their richness; it being generally about 60 lb. to 
200 lb. to a charge of 12001b. to 15001b. of ore. In 
somé cases as much as 3001b. of mercury are put 
into the pan, and an additional quantity is put in 
towards the close of the operation. No very lar 
rule seems to be followed. The quantity should be 
increased or diminished ing as the assay shows 
the working to be good or bad. At the Brunswick 
Mill, with the Horn pan, the charge is 360 1b.; at 
the: Eureka ‘Mill, with the Wheeler pan, the charge 
is 200 Ib; for" ore aseayin 75 dols., and 20 Ib. for 

ut assaying 50 dols., three-quarters being go 
and one-quarter silver. At Stewart's Mill, with the 








Varney pan, 1} oz. of meroury are added for each 


ounce of silver. At Judd and Crosby’s Mill, with 
the combination pan, 250 1b. is used for 100 oz. ore. 
Atthe Nederland Mill, where the combination pan is 
used, 150 lb. is charged. 

There are several ways of ating the opr 
Sometimes the flask is simply emptied over the si 
of the pan, which is a very bad way. Sometimes 
the mercury is poured from the between the 
fingers; sometimes it is poured through a strainer. 
In some mills it is pressed through canvas, The 
object of all these different methods is to scatter the 
mercury as far as possible, so that it shall not collect 
in any one place. The usual charge of mercury is 
about 10 per cent. of the average charge of ore. A 
small quantity of sodium is in some cases added to 
the mercury to make it quick. 

Generally, before the mercury is introduced, the 
muller is raised so that the shoes are } in. from the 
dies, to avoid the grinding action which would 
flour the mercury; but in some mills, as at the 
Brunswick, the muller is always down, and is never 
raised, except to clean out the This is, how- 
ever, an exceptional case, for with any ordinary pan 
all the grinding ne has been performed, so 
that when it is advisable to keep the muller down a 
maximum length of time, it be raised at least 
three-quarters of an hour before the pan is to be 
discharged, as then all the work that it can do to 
advantage is moving the mercury about, and incor- 
porating it in the pulp. 

The time devoted to amalgamating will be in- 
fluenced to some extent by the capacity of the mill. 
It is often advisable to sacrifice a certain percentage 
of the value of the ore for the sake of working a 
greater number of tons per day. ‘To insure econo- 
mical results, a charge should not be allowed to 
remain in the pan, subject to the action of the 
quicksilver and chemicals, less than four or five 
hours, The most important part of the process is 
to keep the mercury clean. Some-ores dirty the 
mercury, and in such a case, as it cannot be kept 
clean, it should at least be cleaned after every 
charge, and the pan should be washed as free from 
—w as possible before adding a new charge 
of it. 

The of the pan is necessaril 
abraded by grinding, and corroded by the ore and 
chemicals introduced; this grinding and corrosion 
— sometimes amount to about 10 lb. for one ton 
of ore. 

A large number of chemicals are employed, 
“ag to produce chemical reactions, and partly to 

eep the merc ht, and thus to assist the 
amalgamation. ‘The idea of using them was taken 
from the Mexican Patio process, which was at first 
used in Colorado, but was afterwards abandoned. 
These chemicals were, in the earlier stages of the 
process, known as ‘‘ doctor's stuff,” and consisted of 
sage tea, tobacco juice, urine, and almost every 
thing which ignorance or charlatanism could devise, 
and which could have no possible influence on the 
charge, in order to give some stamp of originality to 
the process used by the individual who invented it. 

‘he real‘chemicals which are now used are salt, 
lye, nitre, cyanide of um, lime, ‘‘ blue stone,” 
or sulphate of copper, sulphuric acid, and sodium 
am . They are sometimes introduced with the 
ore, when it is very refractory, and are intended to 
produce chemical changes in it, and sometimes are 
added only with the mercury as with ores which are 
easily treated, when their principal object is to keep 
the meacury clean and bright, and only incidentally 
to produce a decomposition in the ore. There does 
not seem to be any definite rule in this respect, for 
many mills with refractory ores do not charge the 
chemicals until after the mercury, and some with 
light ores er ene with the ore, The quantity 
used varies at different times and in different mills, 
from 1} lb. to 3 lb. or more for each charge of ore 
according to the richness of the ore. At the Con- 


more or less 


to | solidated Virginia Mill 6 lb; of salt to the ton is in- 


troduced with the and 20 minutes after- 
wards 3 lb. of “blue stone” to the ton. At the 
Eureka Mill 1 lb. of sulphate of copper per ton of 
ore is introduced with the . At the Bruns- 
wick Mill a handful of ‘salt and a dipperfal of sul- 
phate of copperis used, At Stewart's Mill 1} = 
of a solution of 32 1b. of sulphate of copper, 6 lb, of 
lye, and 4 1b. of nitre, dissolved in 12 gallons of 
water, is charged immediately after the mercury is 
putin. At Judd and Crosby’s Mill 5 per cent. of 
salt for 60 oz. ore, and 10 per cent. for 200 oz. ore 
is put in at the commencement. At the Nederland 
Mill one gallon of lime water is introduced into the 








pan before the charge. If it is found that there is 
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too much, its effect is afterwards counteracted by a 
weak solution of sulphuric acid. When salt is 
added it is generally charged with the ore, the 
amount varying from 5 to 10 per cent, When gold 
ores containing tellurium are added to the silver 
ores, 14 0z. of nitrate of mercury are sometimes 
used for 100 Ib. of ore. 

The average fineness of bullion produced under 
the most favourable circumstances, having been 
once established, the quantity of chemicals to be 
added will be determined by the increasing or 
diminishing of the fineness of the bullion. The use of 
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“ blue cae ae ay ee be a fashion, and 
at times establishments for ing sulphate of copper 
have been able to make very large sede, while at 
others they made none at all, there seeming to be no 
fixed rule as to whether the sulphate of copper 
should or should not be used. 

The free use of chemicals is a decided advantage. 
When used with discretion, in the treatment of the 
ore, slimes, and tailings, the yield counted on the 
ton of ore can sometimes be brought up to 96 and 
98 per cent., when without them it would not be 
over 80 to 85 per cent., which is the pan yield of 
the Consolidated Virginia. The more rebellious 
the ore, the greater the need of them, but they should 


be used rationally, and their effect checked by fre- 
quent assays of the pulp to ascertain it. 
In chapter v. of vol. iii. of the “ of the 


United States Survey of the Fortieth Parallel,” Mr. 
A. Hague has made an elaborate report of his in- 
vestigations on the chemistry of the pan process, to 
which those interested in the subject would do well 
to refer. 

It appears, as the result of experience, that salt 
and sulphate of copper are the most important 
chemicals used. t is generally added with the 
ore. Sulphate of copper is added when the is 
atits full heat, or about 15 minutes after the charge 
is introduced. It is established that a high yield of 
ore cannot be had without the liberal use of 
chemicals, and that all t those intended to 
save mercury should be introduced at the com- 
mencement. The chief influence of salt is to form 
chloride of silver from the decomposition of the 
sulphides, and this is very desirable, as this salt is 
very easily decomposed by mercury. 

hen sulphate of copper is present, it produces 
besides, chloride of copper, which the iron partly 
reduces to sub-chloride ; both these chlorides act 
on the blende and galena, and prevent the lead and 
zinc from passing into the amalgam. 

The sulphate of copper is useful indirectly in the 
production of chlorides, and also directly to decom- 
pose the galena and blende which would soon make 
the mercury sluggish if their action was not counter- 
acted, The lead is made an insoluble sulphate, and 
the metallic copper, set free, amalgamates and aids 
the action of the m ; 

The fine particles of iron removed from the pan 
by the process of grinding and bronght into the pan 
from the stamps, assist in the decomposition of any 
undecom sulphide which may there, and 
aid in the ame of the chlorides of mercury 
and silver. It thus not only saves mercury by the 
decomposition of the salts formed, but also keeps it 
bright. The loss of iron in the batteries varies 
from 21b. to 31b. per ton of ore; in the pan it 
varies from 7 Ib. to 10 1b., so that the total amount 
of iron in the pan in a state to produce these re- 











actions, will be 9 Ib. to 131b. per ton of ore. It is 
undouw one of the most powerful agents in 
helping the action of the mercury. 

e method of ing the pan differs in diffe- 
rent mills, but only with regard to the collection of 
the mercury. In some mills in Colorado and else- 
where, five to ten minutes after the ip fe thinned, 
while the pan is full of water, before discharge 
of any of the pulp, the mercury is drawn into an 
iron fens 12 in. square, or into an iron kettle, by 
means of an india-rubber tube permanently attached 
to an iron pipe cast on the bottom of the pan, and 


Fug .22. 


a 
-% 









































of an hour before discharging, the of the 
muller is reduced to about 40 Soma Water 
is introduced so as to fill the pan almost to the top, 
This is done to cool down the pulp, and at the same 
time thin it so that the mercury can settle, clean 
water running in as the pulp discharges into the 
settler. If there is a merc i in the 
bottom of the pan, most of the mercury is found 
there. It takes about half an hour to discharge the 
pan in this way, and get it ready for a fresh charge. 

e amount of water used is about 16 lb. per 
minute. After a charge is drawn the pan (more 
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which during the working is tied to ite side. The 
pulp is then discharged into the settler, clear water 
running into the pan during the discharge, which 
takes about ten minutes. 

In this case there are always about 50 Ib. to 60 Ib. 
of mercury remaining in the pan, but as what remains 
is used in the next , no mercury is lost, Nine- 
tenths of the mercury leaving the pan is caught in 
the discharge box, the rest runs into the settler. In 
some cases the whole contents of the pan is dis- 
charged into the settler. Generally about a quarter 





especially if the ore is likely to soil the mercury) 
should be well washed with clean water to clear it 
of any pulp, and also to get as much of the mercury 
as possible out of the pan. It cannot all be removed 
from a flat-bottomed ; there will still remain 
from 50 Ib. to 60 Ib. There will be some between 
the dies, and some amalgam sticking to the sides of 
the pan, to the shoes, and on the muller, but this is 
of but little consequence, unless the ore tends to 
soil the mercury. A clean up of the pan — 
in some mills once in two to four weeks, in ers, 
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BRIDGE OVER THE ORANGE RIVER AT BETHALIE, CAPE OF GOOD HOPE. 


CONSTRUCTED BY THE CRUMLIN VIADUCT WORKS COMPANY, LIMITED, CRUMLIN, MON. 





where the shoes and dies wear rapidly, only when 


they are to be replaced. All parts of the pan bottom. 


are then examined, and the shoes, dies, and muller 
ecraped to detach the adhering hard amalgam. In 
order to do this, the muller is loosened and raised, 
in the Wheeler and combination by the screw 
to the top of the shaft, and in the other kinds of 
pans it is lifted out by the overhead pulley, and is 
either suspended or put on the floor of the pan 
room. The wings are then removed. If the shoes 
and dies are worn out, they are taken off and 
examined, and they and the pan bottom are care- 
fully scraped and washed. The shoes and dies are 
not removed for a clean up, but only when they are 
worn out. The time of , Fe this work depends 
on the ease with which the different parts of the 
pan can be removed. The method of fastening the 
shoes and dies is one of the chief characteristics of 
the different pans. 
(To be continued.) 








ORANGE RIVER BRIDGES. 

WE give above a perspective view of a bridge which 
has lately been erected over the Orange River, at 
Bethalie, Cape of Good Hope. This is one of four bridges 
of similar construction designed for carrying road traffic 
across the Orange River, the most direct route for the 
diamond fields. Passing through Bethalie it was neces- 
sary to commence this bridge first, as during the wet 
season all traffic, which is then the greatest, had to be 
carried across the river in pontoons dragged over by hand 
with a wire rope. During flood time the pontoons were 
useless, as the ropes gave way. The necessary money 
having been voted by the Cape Parliament the bridges 
were soon sent out from England. 

The difference in the height of the river from low- 
water mark to highest flood mark is 43ft., but that 
is exceptional; the average depth in the dry season being 
1 ft., and in the wet season from 15 ft. to20ft. The site 
of this bridge is ona reef of rocks of hard sandstone, 
situated at the top of a rapid, the speed of the river 
being about five miles per hour. 

The contractors for the manufacture of the ironwork 
of this bridge and also for the bridge at Aliwal North, a 
counterpart of the Bethalie Bridge, were the Crumlin 
Viaduct Works Company, Limited, who also undertook 
the erection of the same ; this, however, was transferred 
to the Cape Public Works Department, who completed 
the bridge, the engineers in charge of the erection being 
Messrs, Grier and Hyslop ; the engineer for the Crown 
agents in this country being Mr. George Berkley, who 
superintended the manufacture. 

The total length of this structure exclusive of ap- 
proaches is 500 yards, and the weight of ironwork being 
1000 tons. The bridge consists of twenty-two spans of 
lattice pin girders, supported by twenty-one wrought- 
iron cylinders, 10 ft. by 5 ft., of oval form, and filled with 
concrete, placed 63 ft. apart centre from centre. The 
foundations of these cylinders are carried down to a 
depth of 7 ft. in the rock of the reef on which the bridge 
is built. The clear width of roadway is 16ft., a strong 
and suitable wrought-iron handrail being on each side. 
The girders are fixed 9 ft. apart centre to centre, the 
roadway being on top is widened out by cantilevers, and 
1s carried by wrought-iron curved plates rivetted to cross 
girders. Each end of the bridge is completed by two 





massive stone piers 22ft. by 9ft., with a 25 ft. arch 
turned between them; these piers form the abutments 
from which an embankment is carried to the higher- 
lying country. The abutment piers were carried down 
to a depth of 30 ft. below ground level and were founded 
on the rock. 

As the bridge is built on a reef immediately above a 
rapid, great care had to be taken in making the coffer- 
dams for the foundations, as the rock had to be blasted 
to get it out to a depth of 7ft. Driving piles being out 
of the question, the method of fixing the cofferdams was 
as follows: A wooden frame of the necessary size was 
built on shore and planked complete with an annular 
space of 2 ft, between inside and outside planking. This 
shell was floated into position and ulated down on to 
the rock, the river sand was then cleared away from the 
surface of the rock within the annular space, and clay 
well rammed was carried up between the boarding to top 
of dam. A ring of sacks filled with sand was then 
placed around this structure and distant about 18 in. 
from it, this space also being puddled, the outside of bags 
being protected by stone tipped in all round; the water 
was then pumped out of the centre and blasting opera- 
tions commenced. This style of dam was used through- 
out the construction of the foundations in a depth of 6 ft. 
of water with success, During a freshet they kept their 
place on top of the reef and were found to be quite water- 
tight on resuming operations. The foundations were all 
got in during the dry season, the river being then low, 
the highest flood level being 43 ft. above lowest water 
level. The river is generally low during May, June, 
July, and August; freshets begin to come down during 
September and October, the river falling again. In 
November the river begins to rise and reaches its highest 
in January and February, the river being fullest in the 
summer and low in the winter months, 

During the dry season the girders were built on the 
reef and lifted up whole to the tops of the piers, in the 
wet season they were put together on a pontoon, which 
was then floated between the piers, and the girders lifted 
therefrom. 

The whole of the ironwork and other materials had to 
be carried 300 miles up country in bullock wagons, and 
the structure was designed so that no part weighed more 
than 1} tons, or was of greater length than 20 ft., so as 
to suit the buck wagons. The cost of carriage alone 
from the coast to the site of erection averaged 7s, 6d. per 
100 lb. weight, the lowest price being 6s. and the highest 
17s. per 100 lb. Good stone for the abutments and lime 
were found in the neighbourhood of the bridge, but all 
other material had to be brought up in wagons from the 
coast. Had steel been used throughout in the construc- 
tion of these bridges the saving in carriage would have 
been about 15 per cent. 











Krurr’s Mitp Sreey.—Herr Krupp, of Essen, has 
issued a circular in which he calls attention to a product 
manufactured by him, which he calls ‘‘ Flusseisen,” the 
equivalent of “ingot iron” of the Committee of the 
American Institute of Mining Engineers on the nomen- 
clature of iron and steel. This metal is really nothing but 
mild steel, and cannot in any way be termed a new metal, 
as some Continental papers are inclined to style it. Herr 
Krupp states that his Flusseisen, which contains about 
yo ER ay has @ ey Edy Ib. 

y . per square inch, w or 
57,000 Ib. to 60,0001b., with an clongaiion of shout $5 per 
em, and a reduction of area at rupture of 50 per 
cent. 





ON THE EFFECT OF BRAKES UPON 
RAILWAY TRAINS,* 
PAPER. 
By Cart. Doueias GauTon, C.B., Hon. D.C.L., F.R.S. 

In the previous + upon this subject which the 
author brought to the notice of the members of the Institu- 
tion in June and in October, 1878, it has been explained 
that it was anticipated, when the experiments were begun 
on the Brighton Railway with the van fitted with the self- 
recording a us, that the results would enable a rule 
to be laid down determining the amount of brake-block 
pressure, in proportion to the weight of the vehicles, which 
should be ied to the wheels o' ee ee . 

Effect of Skidding. —It was immediately discovered 
however, that the ing effect of a wheel sliding upon 
a rail was much less than when braked with such a force 
as would just allow it to continue to revolve. 

The copies of two sets of di (Figs. 1 and 2) on 
374 taken peat we Se By experiments show, more clear! 
than can be exp , the difference in the retarding force, 
before the wheels begin to slide upon the rails, and after. 
These two experiments were made with a single van eo 
from tbe e, the brakes going on automatically when 
se ion from the engine took place. The line marked 
hy shows the speed of the van at each instant, the 

ie for which is given at the side. The line marked 
“‘ Pressure’’ shows the pressure against four blocks acting 
upon one pair of wheels ; the vertical ag oy of P, by the 
scale of pounds, yw oe by 240, gives the total ure 
in pounds on the four blocks. The left hand, and higher 
rtion of the line marked ‘Friction’ shows the re- 
rding effect of the four blocks uo the one pair of 
wheels before the wheels began to upon the ; and 
the right hand and lower portion shows the effect while the 
wheels were sliding upon the rails. The vertical height of 
either part, according to the scale of pounds, multiplied by 
60, gives the retardation in pounds. 

The calculations show that the friction between the 
wheel and the rail when the wheel is sliding on the rail is 
less than one-third of the friction produced between the 
brake-blocks and the wheel when the brake-blocks are so 
applied as to allow the wheel to continue revol , 
_ Coefficient of Friction as affected by Speed.—The next 
| impo; t discovery was, that the coeflicient of friction, be- 
tween the brake-blocks and the wheels varied inversely 
according to the s of the train, a higher proportionate 
percentage of brake-block pressure being required at high 
f , and a lower pressure for a lower speed. This was 

lustrated by the diagrams shown in Figs. 3, 4, 6, and 7 of 
the second paper (Proceedings, 1878, Plates 85, 86). 

Table I. given in the last Dw! ( ings, 1878, p. 
599) for the values of this coefficient at different speeds has 
since then been somewhat altered by obtaining a mean from 
a considerably larger number of —— Table I. 
(see next page) shows the altered result. 


Coefficient of Friction as affected Time.—If the 
friction of the Ba os 5 Me, al gros same at the 
same speed, some simple rule might still be deduced which 


would give the pressure required at each speed for obtain- 
ing a certain amount of retardation; but when the speed 
of the van was kept nearly uniform by the effort of the 
engine, the friction of the blocks decreased ; and this oc- 
curred notwit i o, patanes epee of epherpo 
block 38 4 ugh some cause not y: 
fully Ganbal. he hiding power of brake-blocks at all 
i iderably less after some seconds of i 





See ENGINEERING, vol xxv., page 469, and vol. xxvi., 
386 and 395. 
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.— Coefficients of Friction at varying Speeds. On rails it was found that the coefficient of adhesion | offered by C will be 660 Ib. and by D 440:Ib. The block 
Taste —— pe AE ter ogpeng te 4 of the w was over .20, In somecases it rose | C is suspended frees eno end of 0 lover E, ae orpesite end 
to .25 or even hi . On wet or greasy ’ w move one arm -crank 

a; if fell an low an 15 Encl, tetovengel | haus. Ube ler It geri or Se coins ot 
sand, ii as low as .15 in one experiment, av : ever F pro or the rotation of the 
Number | VELOCITY. _|CORFFICIENT OF FRICTION. | ob out .18. With the use of sand on wet rails it was above | wheel ineither direction. The lever E has a proportion of 
of Experi- .20 at all times; and when the sand was applied at the | 6{to 1, and consequently requires 97.7 Ib. at its long end, 

ments : moment of starting, so that the wind of the rotating wheels | to equal 660 lb., the assumed friction of th block C. 

from which} Miles Feet Extremes did not blow it away, it rose up to .35, and even above .40. The motion of the lever F, Fig. 5, is resisted by 
the Mean Bol per observed. Mean. The ing force which causes a train to be stopped | the bolt G and spring H. When, however, the force on 
is taken. our. | Second. by the application of brakes is limited to the adhesion or | the lever E is sufficient to move the bolt G and compress 
a resistance obtained between the wheel and the rail; there- | the spring H, a plug valve J in a case K is moved by the 
max. min. fore the test effect in stopping a train is ced | bolt. 3 valve communicates with the a valve and 
12 60 88 123 .058 074 | when the friction between the brake-blocks and the wheel | air reservoir by the pipe L, and with the brake-cylinder by 
67 55 81 -136 .060 -111 | amounts to a quantity just short of the resistance caused | the pipe M; w eN is an ope to the external air. 
55 50 73 153 050 116 by the adhesion; because as soon as the brake-block | When the valve is closed, th pening is shut, and 
77 45 66 179 -083 ‘127 | friction exceeds the adhesion, the wheel becomes fixed and | the passage from the reservoir to the brake-cylinder is 
70 40 59 -194 .088 140 ins to slide. open ; but when the sapuiating valve J is pushed inwards 
80 35 51 -197 .087 142 f a certain amount of brake force or brake-block pres- | by the bolt G, it first closes the passage of air from the 
94 30 44 -196 098 -164 | sure would produce an equal amount of friction at all | reservoir to the brake-cylinder, and then, if moved slightly 
70 25 364 | .205 108 -166 speeds, then the greatest amount of l during the , it opens the passage from the brake-cylinder to the 
69 20 -240 -138 192 | time required to make a stop could easily be obtained ; | atmosphere, thereby reducing the pressure of the air in the 
78 15 200; .131 ‘223 | but, as has already been proved, the brake pressure re- | brake-cylinder, according to the area of the opening N and 
so | yd in| ae | step | Sea | oeiel eh Bich cpeote meet bo nah Crete af rekardn, | cates TAS Te eae fo eae eae eee 
‘ . 8 , in order to uce same amount o ers 75.5 lb. resistance to compression, which is equivalent 
20 = junder5 jander7? | -.340 156 ‘273 | tion. | to an adhesion of .15 between the wheel and the rail. The 
Just moving on ee 830 The friction increases as the decreases according | regulating valve J has slightly over .3 square inch area, and 
to some law, which is complicated, as shown above, by the | if acted upon by an air pressure from the reservoir of 75 lo. 
0002 t time during which the brakes have been applied. If, | per square inch it gives an additional resistance of 22.5 lb., 
Fleeming Jenkin { “0086 ©! 337 365 -851 | therefore, pressure necessary to cause sufficient friction a total resistance of 98 1lb., equivalent to a co- 
to balance the adhesion at. a high be continued till of adhesion of .20. If a pressure of only 37} lb. 
the train comes to rest, the ne See per square inch be admitted to act upon the valve J, the 
Static friction gradually overcome the adhesion, and wheels will be- 4 against the lever E will be only 86.6 lb., 
(Rennie). a Z come fixed. Thig is illustrated by Fig.6, Plate 86, Pro- | equivalent to a coefficient of adhesion .175. Thus it will 
180 18. per age. in. ; 300 | Sa i ice aac | bemmeieekny mew meaning fh ols presmaze © the 
i erefore, in order to secure > 7 v ion in the 
Sem pov ey. Se. Fie . aH | & ebvlonnly that the brake-block pressare can be.made according to the state of the rails. 
to the | One of these regulating valves is put on each carriage, and 














decrease which occurs in the coefficient of friction after the 
brakes have been applied, and which results from the time 
during which they are kept applied, irrespective of any 
ny» in speed. This decrease in the coefficient of friction 
was shown in Table I. of the second paper (p. 599), from 
which the following figures are taken : 

Taanie II.—Coeficient of Friction as affected by Time. 


























.|Coefficient at 
epee a After | After | After | After 
ae — Five en | Fifteen | Twenty 
on periment.® Seconds. Seconds.|Seconds.|Seconds. 
20 182 152 133 -116 099 
27 171 -130 119 -081 072 
37 -152 096 -083 069 
47 132 080 .070 
60 072 063 .058 
The decrease in the coefficient of friction arising from 
- 8 





time sometimes overcomes the increase in the coefficient of 
friction arising from a decrease in speed, especially when, 
either from the stop being on a descending gradient or from 
a small pro rtion of the train only being fitted with brake 
nee the train takes considerable time in coming to rest. 

erefore a higher brake pressure is required in such cases 
than when the stop is made in a short time. 

The diagram, Fig. 3, on 374, shows a uniform 
force of friction with a practically uniform speed, as 
obtained by means of an increasing brake-block pressure. 
The line P shows the pressure, F the friction, and S the 
speed, which decreased slightly during the experiment, and 
would have caused an increase in the coefficient of friction 
had it not’béen counteracted by the element of time. 

Coefficient of Friction mH ager by Material and Weather. 
—On experimenting fart er, it was found that the co- 
efficient of friction was also‘influenced by the kind of metal 
in the blocks, and by the state of the weather. 

Experiments ona Train cannot be Free from Disturbing 
Elements. — The a were made upon trains 
travelling under conditions which were necessarily con- 
tinually varying, and, therefore, 
of disturbance yond the reach tion. The time 
during which the pressure was applied has been shown to 
enter ely into the question ; and this element of dis- 
turbance is in operation during the interval of time, however 
short, which necessarily occurs between the moment when 
the block first touches the wheel and the moment when the 
full pressure is obtained. Under these circumstances the 
author has limited himself to stating the facts obtained in 
the experiments, and has refrained from endef&vouring to 
lay down the law of decrease in the coefficient of friction 
erp ws | to velocity ; as he believes that any law which 
could be laid down would only tend to mis ead, owing to the 
continually varying conditions which occur in practice. 

The Institution of Mechanical Engineers has decided to 

on through the medium of their h Committee 
further experiments on this very interesting subject ; and 
if these new experiments can be so as to be free 
from the disturbing elements incidental to those which he 


Baa meee many elements 
cal 


has had the opportunity of making, the author trusts that 
the question will soon receive fuller elucidation. 
A ion as affecting the Maximum Retardation.— 


Nothwithstanding the variation in the coefficient of friction 
between the blocks and wheels, it was found that nnder 
similar circumstances the adhesion of the wheels to the 
rails was practically constant, but varied according to the 
materials—that is, whether the train was travelling upon 
ircn or steel rails; and according to the state of the rail, 
whether dry, wet, or sanded. 





* The figares in the first column are somewhat different 
from those that have just been given in the altered Table |., 
because they result from the average of fewer experiments ; 
but the effect of time in reducing the coefficient of friction 


should be regulated to give a friction about eq 
adhesion of the wheels at every stage during the process 
of stopping. 

Regulator for Brake-Block Presswre.—In some of the 
former experiments on the Brighton Railway a pressure- 
reducing valve was introduced by Mr. Westinghoase, with 
the view of reducing the brake-block pressure as the speed 
was reduced ; and excellent results were obtained. And it 
will be recollected that the author, in his last paper, 
pointed out the posi. of devising some pit eding .- 
paratus whereby the friction between the blocks and wheels 
should actually regulate the pressure against the blocks, 
aad keep it at the precise amount a 

Mr. Westinghouse has since devised a new valve, so 
arranged in connexion with one of the brake-blocks that 
the friction between the block and wheel regulates the 
pressure upon the blocks. Theauthor had the opportunity 
of making some experiments on the Brighton Railway on 
January 20, 1879, for the purpose of testing this new 
valve. These experiments are very interesting, as tendin 
to elucidate this part of the subject. The valve, as 

for the first time, was found to regulate the pressure of the 
brake-blocks against the wheels, and to reduce the pressure 
as required except at the last moment, when the escape 
port was incapable of discharging the air fast enough to 
revent skidding in some cases for a very short distance. 
t was also found that there was a needless waste of air 
from the reservoir. From the experience gained, a slight 
alteration has been made, which obviates the above 
difficulties. 

Fig. 4, page 374 shows the general arrangement of the re- 
lating valve as applied to vehicles ; Figs. 5 and 6 are en- 
ged sections of the valve itself, the first in the normal 
condition when it is closed, and the second when it is opened 
to reduce the pressure. In order to understand the action 


the spring H and valve J arealike in all. 

The lever E must be proportioned according to the load 
at A; and with the arrangement of brake levers and blocks 
shown in the diagrams, the long end will be jto the short 
end for a load of 1 ton on each pair of wheels as 14 to 1, or 
for a load of 5 tons as 7 to 1. If the brake levers and 
blocks are not arranged as shown, the proportions of the 
lever would have to be altered, so that the actual amount 
of resistance on the short end should give 98 lb. pressure 
on the long end. It is essential in the use of this valve, if 
one valve is to Cp for the whole carriage, that the 
brake gear should be so eae sea that any one block can 
act as a fulcrum for all theothers. By this arrangement it 
becomes a simple matter so to regulate the brake pressure as 
to produce a definite maximum amount of brake resistance ; 
the amount thus fixed should equal the highest average 


the rogalating al thus be arranged to t 
e ing valve can thus preven’ 
the skidding of the wheels. By the arrangement of the 
valve J, which regulates the passage of the air from the 
reservoir to the brake cylinder before discharging the air 
from the cylinder, the pressure on the blocks will be in- 
if needed to compensate for the loss of friction 
owing to the lapse of time, as is the case where a rapid 
reduction of the speed cannot be effected owing either to a 
steep declivity or to only a portion of the train being fitted 
with brakes. This feature of preventing too much air 
from entering the brake cylinder permits of the use of a 
high working pressure at all times, without the danger of 
having too much pressure in the cylinder at any time. 
Experiments made with the Pressure Regulator.—The 
following Table shows several of the experiments made on 
January 20th, 1879, by slipping the experimental van from 
the engine and bringing it to rest by means of the brake : 





EXPERIMENTS MADE WITH THE PRESSURE REGULATOR. 
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9} Level | 60) 143] 214] 148 | 28.470 | 26,520 | 23,790 141 118 119 (166 | skid 18.7 
10} +¢— | 57 | 15}] 206) 158 | 23,010 | 20,280 | 10,920 114 543 ‘141 153 | B12 17.4 
ll vic | 55 | 12'| 171] 141 | 23,860 | 26,910 | 21,450 143 106 155 170 | skid 19.7 
12 i | 55 | 104] 141] 116 | 28,470 | 27,690 | 16,380 141 81 ‘160 176 | Bh 23.8 
Level 
15 oy i 55 | 18| 227] 194 | 17,550 | 14,490 | 8,190 87 40 161 182 | 309 14.3 
| ! 
16 —7 | 87 | 183] 223) 171 | 24,570 | 15,990 | 7,800 122 39 157 iss | 35 16.8 




















wheels, the load at A, Fig. 4, on the two wheels bein 

10,000 lb. The lever B is of such ap ion that the bleck 

has 3 lb. pressure for every 2 lb.on D. If the coefficient of 
adhesion at A is .20, the total adhesion is equal to 2000 Ib. 
on the two wheels, or 1000 Ib. on each wheel. If the rotating 
momentum of the wheels be taken as equivalent to an in- 
crease of one-tenth of the weight at A, then the four 
brake-blocks will have to offer a resistance of 2200 lb. to 
the two wheels, or 1100 Ib. to one wheel, to obtain a result 
equal to .20 of the load at A. If the friction of the blocks 
C and D onone wheel together equals 1100 Ib., then, owing 





may be accepted as correct. 





o the proportion of pressure upon them, the resistance 


of the valve, suppose that four blocks act against a pair of | 


The diagrams, Figs. 6, 7, 8, which have been selected 
| from the experiments shown in the foregoing Table, suffi- 
ciently illustrate the action of the valve. These diagrams 
show also very clearly the variation of the coefficient of 
friction according to _. 

In the experiment, Fig. 6, the van was stopped from a 
speed of 60 miles per hour in 12 seconds on a rising gra- 
dent of 1 in 264. The maximum brake-block pressure on 
all the wheels was 160 per cent. of weight on wheels at the 
beginning, and was reduced to 114 per cent. at the end. 
The friction increased towards the end of the experiment 
so much as to cause the wheels to skid just at the end. 
The adhesion shown was about .25. In this case the pres- 
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sure was not reduced sufficiently to keep the friction uni- 


form. 

Had this stop been made on a steep descent, or had the 
brake-blocks been acting on only one moe of wheels, the 
time required to effect the stop would have been greater ; 
and consequently the brake-block pressure, instead of being 
reduced, must have been increased, so as to overcome the 
decrease in the holding power of the blocks which results 
from the length of time of application irrespective of the 


8 . 

In the experiment, Fig. 7, the van was stopped from a 
speed of 57 miles an hour on a risi 
in 15 seconds. In this case -block pressure was 
114 per cent. of weight on wheels at the beginning of the 
experiment, and was reduced to 54 per cent. towards the 
end. The total friction of the brake-blocks on the four 
wheels may be estimated from the actual friction obtained 
for one pair of wheels at 32441b. at the i 
experiment, and 3144 lb. in the middle, thus remaining very 
nearly constant, and it slightly increased to 34001b. to- 
wards the end. There was no skidding; but the greater 
length of time occupied in the stop shows that the pressure 
was not sufficiently high at the beginning. 

Fig. 8 shows a stop from a speed of 55 miles an hour in 
13 seconds, on a falling gradient of 1 in 264. The brake- 
block pressure at the beginning of the experiment was 
143 per cent. of the weight on the wheels, and was reduced 
to 106 per cent. at the end. The resulting friction as esti- 
mated for the brake-blocks on the four wheels is 4473 lb. 
at the beginuing, and 4574 Ib. in the middle of the experi- 
ment, after which, as the pressure was not reduced with 
sufficient rapidity, it rose rapidly, and caused a skid at the 
end. The adhesion shown was about .25. In this case 
the stop made was much better than that shown in Fig. 8, 
because of the greater initial pressure and greater conse- 
quent friction. 

Fig. 9 also illustrates this point by showing a stop from 
a speed of 55 miles an hour on a level in 18 seconds. The 
brake-block pressure was 87 per cent. of the weight on the 
wheels at the beginning, and 40 per cent. of the weight on 
the wheels at the end; and the consequent estimated 
friction was only 2825 lb. at the beginning, and at the end 
2530 Ib.; consequently a longer time was required for 
making the stop. 

Fig. 10 further illustrates the necessity of a high pressure 
on the first application of the brakes if a rapid stop is to 
be effected. The solid lines show the speed, pressure, and 
friction, in a stop made from 60 miles an hour on a rising 
gradient of 1 in 311. The brake-block pressure was 162 per 
cent., or nearly once and two-thirds the weight on the 
wheels at the beginning of the experiment, but it was not 
reduced with sufficient rapidity ; hence the wheels skidded 
at the end of 9 seconds, at which time the s was 
reduced to about 17 miles per hour; and notwithstanding 
the skidding of one pair of wheels, the van came to rest in 
167 yards and 124 seconds. The dotted lines taken from 
Fig. 10, show that from an initial velocity of 55 miles an 
hour, and with a brake-block pressure of about 87 per cent. 
of weight on wheels, the speed at the end of 9 seconds had 
only been reduced to about 27 miles per hour, and the van 
comes to rest in 227 yards and 18 seconds. 

The object of the regulating valve was to obtain a uni- 
form brake-block friction during the whole progress of the 
stop, and to give to this friction the highest possible value, 
i.e., a@ value as nearly as possible equal to the adhesion, 
and therefore just short of that which could canse the 
wheels to skid. It will beseen from the diagrams that the 
rapidity of the stop varied according to the greater or less 
approach made towards the attainment of this object, the 
resistance of the valve being purposely altered during the 
progress of thé experiments. 

The conditions for these stops were very favourable, and 
indicate an adhesion of the wheels upon the rails in excess 
of the average obtainable ; which average, throughout 300 
experiments, slightly exceeded .18 of the weight on the 
wheels. 

These experiments were made with one van ; since making 
them the author has had the opportunity of making slip 
experiments on the Paris, Lyons, and Mediterranean Rail- 
way with 12 carriages. The average of seven stops re- 
duced to 50 miles an hour was 208 yards, with only 63 per 
cent. of the weight of thetrain braked. If brakes had been 
applied to all the wheels of the train, as was the case with 
the experiments with the single van, the result would have 

m 128 yards at 50 miles an hour, ora very close approach 
to the best results obtained with a single vehicle. The author 
has not had time to analyse these latter experiments fully, 
but he is able to state that they demonstrate that the stops 
which have been obtained with a single vehicle may also 
be obtained with a train of several vehicles. 

Regulation of Pressure necessary for a perfect Brake.— 
The regulating valve here described is an outcome of the 
former experiments on this subject ; and is proposed for 
the purpose of preventing the sliding of the wheels on the 

8. Some such device is a necessary adjunct to a perfect 
brake, because it is only by the prevention of skidding that 
the maximum of efficiency can be obtained ; whilst, in ad- 
dition, skidding damages both wheels and rails, and in- 
creases the risk of accident. But the previous illustrations 
show that, however perfect any apparatus of this descrip- 
tion may be, and however certainly it may act to prevent 
skidding, yet, owing to the very numerous conditions which 
affect the application of brakes, it is neccs , if at the 
same time the maximum allowable friction is always to be 
exerted on the wheels so as to insure the best result in 
stopping, that the action of the apparatus should should be 
capable of being regulated from time to time, so as to 
meet the varying conditions as to adhesion, &c., of the line 
on which it is travelling; unless, indeed, some arrange- 
ment could be made by which the actual adhesion at the 
moment were mong into play to regulate the pressure. 

Momentum of els due to Rotation. —In ing with 
the 


this subject the author has not directed attention 
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question of the influence of the rotating momentum of the 
wheels ; but he now wishes to state what he has observed 
on this point. Usually there are in a in a certain 
number of vehicles braked and a certain number unbraked. 
If the brakes acted on all the wheels, then the rotating 
momentum of the wheels does not add to the distance in 
stopping a train, because that momentum can be acted upon 
by the brakes directly, without in any way making use of 
the adhesion of the wheels to the rails. It simply requires. 
therefore, an additional amount of brake-block pressure, 
and, if a regulating valve be used, an allowance in the re- 
ing valve to compensate for thir rotating momentum. 
With the unbraked portion of a train, the rotating 
momentum of the wheels is an addition to the momentum 
due to the weight of the train (including therein the actual 
weight of the wheels), which cannot be u for retarda- 
tion ; and it therefore seems important that there should 
brakes on every wheel of a train. 
Conditions which regulate the Proportion between the 
Retardation and the Weight of Trains.—The followi 
Table shows the distances required to stop a train on a lev 
line from a speed of 50 miles per hour, with a retarding 
= of from 5 to 30 per cent. of the total weight of the 
rain : 








Percentage | Yards Run at | Percentage | Yards Run at 
of 50 Miles per of | 50 Miles per 
Retardation. Hour. Retardation. | Hour. 
| 
5 5553 18 1 
6 463 19 146 
7 369 20 139 
8 347 21 132 
9 308 22 129 
10 277 23 1203 
11 252 24 1153 
12 231 25 111 
13 at 26 107 
14 198 27 103 
15 185 28 994 
16 1733 29 oh 
17 1634 30 92 














If the brakes act upon each wheel, then a retardation of 
10 per cent. of the load carried by each wheel—counting 
the rotating momentum as part of the weight—will stop a 
train in 2773 yards. 

If the brakes act upon only half of the weight of a train, a 


retardation of 20 per cent. would have to be exerted upon | q 


the braked half to produce the same result. As pointed 
out, 20 per cent. adhesion is rather above the average ob- 
tainable, while 244 per cent. is the highest result obtained 
under the most favourable circumstances at any consider- 
able speed, or except when sand was applied to wheels 
moving slowly. 

The above Table should be carefully noted, for it will be 
seen that, even if brakes act upon all wheels, 244 per cent. 
retardation will only give 26 yards better result than 20 per 
cent., or if half of the train only be braked, 59 yards 
advantage. If compared with 18 per cent., the — 
obtainable, the advantage will be only 324 yards for the 
train braked throughout, and 643 yards for the train having 
brakes acting upon half of the weight. 

A consideration of this feature of the brake problem 
points out, Ist, that the advantage to be gained by trying 
to above 20 per cent. retardation on each wheel is greatly 
overbalanced by the risk of ‘‘ skidding ;’’ and, 2nd, that it 
is far easier and safer to make a stop in 250 yards from 
50 miles per hour with the whole train braked, than with 
brakes upon only half of the train. 

All of this points to the fact that in arranging friction 
valves, care should be taken not to exceed a safe limit of 
adhesion ; for in.the effort to get more work, less may be 
the result. 

Too much stress cannot be laid upon the importance of 
the application of the full spe of the brake-blocks 
against the wheels, and of the action being simultaneous 
against all the wheels of the train; for any loss of time 
seriously influences the action of the brakes in several ways, 
as has been already explained, independently of the actual 
loss of distance. F 

In illustration of this point, additional diagrams are 
appended. Fig. 11 shows the result of an experiment 
made on the 23rd of August, 1878, in which the application 
of the pressure was gradual, so as to represent the effect of 
a slowly-ecting brake ; and which furnished a diagram of 
a stop nearly identical with that of one of the best stops 
of the vacuum experimental train on the North Eastern 
Railway in October last. It exhibits by the curved line 
the s and retardation obtained in the experiment; 
and also the comparative results which would have been 
obtained if the full pressure had been applied at once, and 
the consequent friction had been generated at once be- 
tween the brake-blocks and wheels, and if this friction had 
been maintained at a uniform amount. The stop would, in 
the latter case, have been made in 125 yards instead of 287 
yards, the actualamount. The thick dotted line shows a stop 
which might have been made in the same distance, if the 
very moderate retardation indicated by the horizontal line 
had. been appliedatonce. It will be noticed that this stop is 
much better than the actual stop, though made in the same 
distance, because at any intermediate point the speed is 
much lower. Hence at 300 ft., for instance, the energy left 
in the train, as shown by the thick horizontal line, is only 
three-fifths of that shown the actual stop. : 

Diagram No. 12 illustrates the advantage of applying 
the brakes to every wheel of a train. ‘ : : 

The full diagonal line indicates the distance in which 
a train could be stopped from 50 miles an hour with the re- 
tardation of 20 per cent. shown by the upper horizontal 





lines, ied to every wheel in the train. The dark shade 
below the horizontal line shows the extra retardation re- 
quired to overcome the momentum of the braked wheels. 

The middle diagonal line shows the distance in which a 
train could be stopped from a similar s with the re- 
tardation of 20 cent. applied to half the wheels and half 
the weight of the train, as indicated by the middle hori- 
zontal line. Theshade beneath shows the extra retarda- 
tion required to overcome the momentum of the braked 
wheels, and the shade to the left of the diagonal line shows 
the extra distance which would be run by the train in con- 

uence of the momentum of the unbraked wheels. 

[he outer diagonal lines show the distance in which a 
train could be stopped from a similar speed with the re- 
tardation of 20 per cent. applied to one-fourth of the 
wheels and one-fourth of the weight of the train, as indi- 
cated by the lower ‘horizontal line. The shades show 
the extra retardation required to overcome the momentum 
of the braked wheels, and the extra distance which would 
be run by the train in consequence of the momentum of the 
unbraked wheels. 

Requirements of a Perfect Brake.—Having thus summed 
up the facts obtained from the experiments which he has 
made, the anthor will now add a few observations as to 
what appears to him still to be necessary in order to com- 
plete the investigation in a practical manner for the 
benefit of the railway companies and the public. 

The final solution of the vexed question of continuous 
brakes can only be brought about by a consideration of 
the subject in the light of a scientific and practical com- 
parison of the various systems that have been brought into 
use. But before comparing these various brakes, it is 
pomee  4 to consider what a perfect brake should ac- 
complish. 

A train, through the effort of the locomotive, slowly ac- 
cumulates energy and for each ton of weight in the train 
the accumulated energy is equal to 120 foot-tons at 60 miles 
per hour, 53 foot-tons at 40 miles per hour, and 30 foot- 
tons at 20 miles per hour. Thus for a train of fifteen 
vehicles, weighing 200 tons, the energy at 60 miles per 
hour is equal to 24,000 tons falling a distance of 1 ft.; or 
approximately to the energy of a shot from the 80-ton 


gun. 

After a train has attained the desired speed, the reasons 
for stopping it may be of two kinds: first, at pre-arranged 
places for convenience ; and, second, for the-prevention of 
accidents, or for mitigating the consequences if accidents 
are unavoidable. 

To stop a train for the first reason requires but a limited 
amount of force, which may be applied in any crude manner. 
For the prevention of accidents, however, there is re- 


a. The instantaneous application of the greatest possible 
amount of retarding force. 

b. The continuous action of this force until the momentum 
of the train is destroyed. 

The retarding force now used in practice is that due to 
the friction resulting from the forcible application of pieces 
of metal or wood (brake-blocks) to the tyres of the wheels ; 
this friction impedes the rotation of the wheels, and tends, 
through the adhesion of the wheels to the rails, to destroy 
the energy stored in the train. The retarding force is 
therefore limited to the resistance obtainable between the 
wheels and rails. 

The greatest possible amount of retarding force can thus 
be obtained only by applying brake-blocks to every wheel in 
the train, each block being pressed with sufficient force to 
produce a resistance to the rotation of the wheel just 
equal to the greatest possible friction between the wheel and 
the rail. This greatest possible friction occurs when the 
adhesion of the wheel to the rail is just about to be 
overcome by the superior effort of the brake-blocks, which 
effort, if further in » immediately begins to stop the 
rotating movement of the wheel, and thus causes it to slide 
upon the rail. When a wheel slides upon the rail its re- 
tarding effect is most materially lessened, as has been fully 
demonstrated above. 

The necessity for the instantaneous application of the 
maximum brake-block pressure throughout the train is so 
evident, that it is only necessary to remind observers that, 
at aspeed which is frequently obtained, namely, 60 miles 
per hour, a train passes over 88 ft. each second. 

From the foregoing it will be seen that, in order to stop 
a train in the shortest possible distance, it is necessary : 

: 1. That brake blocks should act upon every wheel in the 
rain. 

2. That they should be applied with their full force in the 
least possible time. 

8. That the pressure upon them should be regulated 
according to speed and other circumstances, so that the 
friction shall nearly equal, but never exceed, the adhesion 
of the wheels upon the rails. 

As it is solely for the object of preventing accidents, or 
of mitigating the consequences if accidents cannot be 
avoided, that the use of powerful brakes is urgently required, 
it becomes necessary to consider next the arrangements 
which this object necessitates. 

In the greater number of accidents the driver is the first to 
perceive danger, and he should therefore have the power of 
applying the brakes. . 

‘The guards, however, who may be the first to discover 
the necessity for stopping, either when the driver fails to 
notice a signal at danger, or from other sufficient cause, 
should also have power to stop the train, even against the 
efforts of the driver. 

Should a train se te into two or more portions, the 
brakes should instantly act without the invention of any one, 
and bring every portion of the train to a stand. 

@ carriage or even one pair of wheels should leave the 
rails, then also should the brakes be applied by the very act 
of leaving the rails. 

Should the brake apparatus of one or more carriages be 
destroyed after the commencement of the accident, while 
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the speed yet remains considerable, the brakes upon the 
other carriages should not be rendered inefficient. 

It has been found that, although brakes are mostly in- 
tended for the prevention of accidents, they are also useful 
for ordinary stopping purposes, and produce a considerable 
saving of time. The use of continuous brakes moreover 
enables the proportion of guards and brakesmen in a train to 
be reduced. This use, however, becomes a source of danger, 
if from any cause the brakes fail to act when wanted ; 
hence the necessity for so constructing the brake appa- 
ratus that a failure of any essential part will lead to the 
instant application of the brakes without the intervention 
of any one; a principle which has been proved to be abso- 
lately necessary in the working of the blcck system. 

As any one vehicle may me se} from the 
others, it follows that, if the brake-blocks are to be applied 
by the separation of a train, each vebicie must not only 
have its own brake-blocks, but must also have its own store 
of power to bring them into operation. 

As the speed of 60 miles per hour may be, and is often, 
attained by fast trains, it follows that the maximum force 
with which the brake-blocks can be pressed against the 
wheels of each vehicle in such trains should be at least one 
and three-quarter times the weight of the vehicle on those 
wheels ; and even for slower trains the effect of steep in- 
clines must be considered, which is to add to the weight 
and momentum of the train to be retarded by the brakes, 
whilst it does not add to the adhesion of the wheels. 
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The instantaneous and simultaneous application of the 
brakes to every wheel of a train would seem, so as the 
author’s experiments show, to be at present impossible ; 
but on a train of fifteen i the es can be fall 
applied with an average d of less than two seconds, an 
therefore the a time for the full application of the 
— may 2 fred at two seconds. senatehs 

coe @ foregoing propositions as indisputable, a 
x 02. brake Re « orem with the following 
conditions for the prevention of ents : 


1. It should be fitted to act upon each wheel of the 
engine, 
length. 


tender, and every other vehicle in a train of any 
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2. However brought into action, it should be capable of 
exerting upon the blocks of each pair of wheels, within two 
seconds, a force of twice, or at the very least one-and-three- 
quarter times, the load on those wheels. 

8. The brake-block pressure acting on each wheel should 
be ated so that the friction between the brake-block 
and the wheel may always be limited so as not to exceed the 
adhesion between the wheel and the rail; by which means 
it will produce the maximum effect at each moment of its 
application. E 

4. The brake-block pressure should be capable of being 
applied by engi iver or by g ¥ : 

5. The engine, tender, and vehicles, should each carry its 
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own store of brake power, which should be independent of 
the brake power on any other vehicle. 

6. The brake-block pressure should be automatically 
applied to every vehicle by the separation of the train into 
two or more parts; and it should also be applied by a pair 
of wheels on a carriage leaving the rails. 

7. The brake-block pressure should be automatically 
applied by such failure of the connexions or appliances as 
would render it afterwards incapable of application until 
the failure had been remedied. 

8. The brake-block pressure should be capable of appli- 
cation with any d of force up to the maximum ; and 
it should be capable of continued action on inclines, or 
of repeated applications at short intervals at junctions and 
stations. 

In addition to these requirements, the questions of cost, 
durability, convenience in operation, and other essential 
points, will of course come under consideration. 

In preparing the way for a comparison of the various 

brakes now in use, one important point requires to be de- 
termined, viz., How much brake force is actually required 
for each vehicle? For convenience let us sappeee, as is 
nearly the case, that each carriage weighs 20,000 lb. Then, 
according to requirement No. 2, a total brake-block pres- 
sure of at least 35,000lb. will be required ; and it would 
be preferable to have a still higher pressure. In practice 
the brake-blocks when out of action must be kept a certain 
distance away from the wheels, in order to prevent any 
liability to drag against the wheels ; and this distance, after 
being once adjusted, gradually increases by the wear of 
the blocks, and often exceeds 3in.; while the springing of 
the brake gear under great strain also adds to the extent 
of movement required in ‘the brake force before the blocks 
are fully applied. Thus it may be safely assumed that it 
requires not less than a pressure of 35,000lb., travelling 
through 1 in., to apply the brakes upon each 9-ton vehicle ; 
or a pressure of 3500 Ib., acting at a leverage of 10 tol, 
— have to travel through 10in. to produce the same 
result. 
._ Now if this work has to be done with a piston working 
in a cylinder, or its equivalent, the cylinder must be of 
such a size that the area of the piston in square inches, 
multiplied by the stroke of the piston, or the mechanical 
advantage of the piston over the brake-block, and by the 
pressure in pounds per square inch, shall exceed 35,000 Ib. ; 
Any brake cylinder having a less capacity than this will 
make it n that the blocks be kept closer to the 
wheels, or else that the brake-block pressure be reduced. 

It is obvious that each system of brakes could be made to 
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operate upon the same kind of brake levers and blocks, and 
therefore, in comparing the various systems of brakes, 
they ought to be compared as applied to like vehicles, and 
made of such dimensions as to give the same total brake 


wer. 
PoThe author had originally intended to continue these ex- 
periments on brakes so as to ascertain the retarding power 
of the different kind of continuous brakes now in use on 
trains, under similar conditions, of equal weight, and run- 
ning at the same speed. 

The author had the opportunity, through the courtesy of 
the North-Eastern Railway Company, of making a few 
comparative experiments upon the Westinghouse automatic 
air Siete, and the vacuum brake. These experiments, 
although highly interesting as far as they went, left many 

ints unsolved. But they went sufficiently far to show 
The author that in the present stage of the brake question, 
a series of experiments which touch upon the interests of 
rival inventors, who have invested large sums of money in 
their respective enterprises, cannot be effectually carried on 
by a private individual. : 

It does not seem probable that the different railway com- 
panics could arrive at an understanding to initiate and 
carry on joint experiments for ascertaining the performances 
of the various kinds of continuous brakes. 

The only way by which an independent inquiry could be 
carried on would be therefore by a Government Commis- 
sion, appointed on the principle of the Commission which 
inquired into the application of iron to railway structures 
in 1849, viz., to state facts and lay down principles. 

The author has necessarily left untouched many matters 
connected with the construction of the various brakes— 
matters which must enter largely into the consideration of 
a railway company in adopting a brake. 

In order, therefore, to bring cut in a distinct manner the 
considerations which arise ina comparison between different 
forms of continuous brakes, and are based upon the re- 
quirements of a perfect brake, the author has drawn up 
and appended a list of questions ppents A), which, if 
fully answered and lysed, would greatly facilitate a 
comparison between the different forms of continuous bra 
actually in use. i } 

The author has in conclusion to repeat his thanks to Mr. 
Westinghouse for the use of his beautiful recording ap- 
paratus, and the assistance afforded in the riments ; 
as well as to the London, Brighton, and South t Rail- 
way Company for the courteous aasistance he has received 
from them through their general manager, Mr. Knight, 
and their locomotive superintendent, Mr. Stroudley ; an 








to the North-Eastern Railway Com 
ments reported to the Institution in 


. APPENDIX A. 

Particulars vomeeee to be obtained in order to compare 
the Construction and Mode of Action of different Forms 
of Continuous Brakes. 

What is the motive power which puts the brake in 
action ? 

Where is the motive power generated, and in what 
manner ? 

How is the motive power communicated to the different 
parts of a train? 

Is the engine fitted with a brake and provided with 

te power for its application? 

the tender fitted with a brake and with separate power 
for its application ? 

Is each vehicle fitted with a brake and with separate 
power for its application f 

Are all of these brakes connected so as to be capable of 
being applied by one operation independently by either the 
driver or the guards? 

What is the — of the whole brake apparatus, includ- 
ing brake, levers, blocks, and their connexions on the engine, 
tender, carriage, and vans respectively ? 

What is the weight of brake-blocks, levers, and rods on 
the engine, tender, carriage, and van respectively, exclusive 
of the parts of the apparatus necessary for putting the 
brake-blocks in action ? 

What is the material of the connexion between vehicles 
by ot the brakes are operated, and what are its dimen- 
sions > 

What amount in weight and area of perishable material 
such as wood, caoutchouc, or leather, is used in the ap- 
paratus on the engine, tender, carriage, and van respectively ; 
and > what parts is the perishable material used in each 
case 

Are the brake-blocks applied to both sides of each wheel, 
or to one side only ? 

at is the minimum distance between the brake- 
blocks and the tyre of the wheel when the brake is not in 
action ? 

What is the test distance which can be allowed 
between the brake-blocks and wheels without destroying 
the power of the brake? 

How does the driver apply the brakes ? 

How does the guard apply the brakes? 

What number of seconds elapse between the time when 
the engine driver moves the brake lever and the setting of 
the brakes on the 1st vehicle, next the engine ; on the 8th 
vehicle from the engine; on the 15th vehicle; and on the 
24th vehicle respectively ? 

What is the proportion of the maximum brake-block 
pressure to the load on the braked wheels? 

Is the brake force capable of graduation, and in what 


y for their experi- 
ber last. 


way? 

te there any provision to prevent the wheels being skidded 
or sliding on the rails? 

Has the brake any self.acting means of indicating when 
it is out of order? 

Are the brakes self-applied by the severance of the 


train? 
Do the brakes remain applied on the severed portions of 
a train until parposely released ? 

How long will the brakes remain on when applied by the 
severance of the train? 

Can the engine or any vehicle be taken from the train 
without setting the brakes ? 

Does the brake power remain available on a detached 
portion of the train ; if so, for how long? 

Can the failure of the braxe to act on one vehicle prevent 
the action of the brakes on the other vehicles ? 

Does the failure of the power-producing apparatus 
(such as the pump for water or air, or the steam ejector, 
or the winding apparatus for chain) or of the appliances 
for working the brakes prevent the application of the 
brakes ? 

How many times can the brakes be applied after the failure 
of these parts? 

Can the brake of one vehicle bé put out of operation 
without interfering with the brakes of the others ? 

Can a portion of the train be intentionally slipped without 
setting the brakes, Jeaving the brake power available on 
both portions ? 

Pe 7 brakes capable of being put on and taken off with 
ility 

Are the brakes capable of efficient application several 
times within a short distance, as for instance in approaching 
junctions or stations? 

Are the brakes capable of being applied independently of 
the motion of the train ? 

Can the brakes be used continuously to regulate the speed 
in descending a long incline? 

Are the brakes regularly used in daily working? 





Sours AUSTRALIAN Ports.—Satisfactory progress has 

m made during the past year with the deepening of the 
following South Australian ports, viz., Port Pirie, Port 
Wakefield, and Port Broughton. At Port Pirie vessels of 
1100 tons to 1200 tons can now be loaded or discharged at the 
wharves or vessels drawing from 12 ft. to 15 ft. of water 
can be taken up to the port. The silt raised at this port 
has been utilised in filling in the reserve in Ellen-street 


kes | from Daird to Alexander-streets. This work was completed 


early in February, 1879. At Port Wakefield, a contract 
for ing is not yet completed. The channel, when 
finished, will be about 6000 ft. long by 60 ft. wide, giving 
2ft.6in. at low water. A contract for deepening the 
channel at Port Broughton was completed in August, 
1879, and there is a depth of water now of 4 ft. to 6 ft. at 
low water from the end of the jetty to the outer bar—a 
distance of five miles. 
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MILLING MACHINE, 

We give on page 375 a perspective view of a handy type 
of self-acting universal milling machine constructed by 
Messrs. Greenwood and Batley, of Leeds. As will be 
seen from our engraving, the machine has a deep bed 
supported on two short standards, and having cast in one 
piece with it the upright which carries the milling head- 
stock. This headstock has a vertical traverse of about 
10 in., and it is provided with a self-acting downward 
feed. On the milling spindle is a gun-metal spur-wheel 
into which a wrought-iron pinion gears, this pinion being 
on the same shaftas a belt pulley. The milling saddle 
also carries a pair of idle pulleys, and the driving belt 
passes round these and the pulley on the pinion shaft, 
in the manner shown by our illustration, the milling 
headstock being thus free to be moved up or down with- 
out interfering with the driving gear. 

The milling saddle, which has a self-acting feed and 
stop motion, and the horizontal traverse of which is 
about 2 ft., moves on a slide formed on the side of the 
deep bed of the machine. On the saddle is mounted an 
accurate dividing motion, with thirteen rows of holes 
gearing up to 144 divisions. The dividing motion carries 
on its top a four-jawed chuck taking in articles up to 
8 in. in diameter, and also sufficing to hold a vice or 
other mountings. The machine is altogether a very 
handy one, suitable for a variety of work. We may add 
that one of these machines was exhibited by the makers 
at the Paris Exhibition last year. 








THE TOULON GRAVING DOCKS, 

We publish this-week a two-page engraving showing 
further details of the dredging plant employed at the 
Toulon Graving Docks (see ENGINEERING for Feb- 
ruary 14th last). We defer giving a description of this 
plant until the publication of further drawings. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Chesterfield and Derbyshire Institute of Mining En- 
gineers.—A general meeting of the members of this In- 
stitution was held recently at Chesterfield, when the 
attendance of members was extraordinarily large. Owing 
to a family bereavement Lord Edward Cavendish, the 
President, was unable to be present, and Mr. Bromley, 
one of the vice-presidents, took the chair. Mr. T. Evans, 
Her Majesty’s inspector of mines, and Mr. A. H. Stokes, 
assistant inspector, were also present. The a 
men were added to the list of members, the election being by 
ballot: Mr. Matthew, Mr. Habershon, colliery surveyor, 
Thorncliffe Collieries in Sheffield; Mr. James Heslop, 
mining engineer, Hucknall Torkard Colliery, Nottingham- 
shire; Mr. W. Pendleton, manager, Alma Colliery, Clay 
Cross; Mr. A. Shackleford, Spondon; Mr. W. Stanton, 
Chesterfield, and Mr. Edward rome mining engineer, 
Oughtibridge, near Sheffield. Mr. J. W. Fearn, gave 
notice that at the next meeting he should bring forward a 
motion respecting the investment of the society’s funds, 
there being now a considerable balance standing at the 
bank toits credit, but no sufficient direction as to its in- 
yestment, and he should nominate gentlemen to act as 
trustees. At the previous meeting a paper was read by 
Messrs. D. P. Morison and Professor A. Freire-Marrece 
on ‘* The Effect of Coal Dust in Colliery Explosions,’’ and 
the discussion on it was now continued. Mr. Morison 
attended, and by means of diagrams gave further explana- 
tions of their experiments. These went to show that 
explosions in collieries were greatly intensified by the 
presence of coal dust. Some descriptions of coal dust, he 
asserted, were much worse than others, and these latter 
qualities, he added, were notably present in certain pits 
in Yorkshire and Derbyshire. Mr. Morison farther sug- 
gested that a committee should be appointed to conduct 
further experiments of a similar character in the district. 
Mr. J. Fearn proposed that a committee as suggested be 
formed, and that its expenses be defrayed out of the fund 
of the Institution as the rules would allow. Mr. E. 
Carrington seconded the motion. Mr. C. E. Jones ob- 
jected to the proposed expenditure on the grounds that the 
objects of the society were discassion, not experimenting. 
A discussion followed, whereupon Mr. Fearn said he was 
so strongly impressed with the importance of the subject 
that rather than the committee should not be formed he 
would suggest that the expenses be defrayed by private sub- 
scription. He expressed his willingness to contribute to 
suchasubscription. Mr. Fearn’s original proposition was 
ultimately carried almost unanimously. The following 
gentlemen were eqocinted the committee, with power to 
add to their number: Messrs. A. H. Stokes, Bromley, 
Evans, Wardell, Holford, R. Howe, J. W. Fearn, T. 
Croudace, W. Wild, Humble; Bainbridge, and W. Oliver. 
On the motion of the chairman a vote of thanks to Mr. 
Morison for introducing the subject was adopted. A dis- 
cussion ensued on a paper by Mr. A. H. Stokes, entitled, 
** Economic Colney of Derbyshire.’’ A paper on ‘‘ Coal 
Winding in Deep Shafts’’ was read by Mr. Coke. Other 
subjects put down for discussion were postponed until the 
next meeting. 


Depreciation of Cy nee in South Yorkshire. 
—Three years ago the Silkstone Main Colliery—together 
with the engines, coke ovens, machinery, plant, &c.—was 
in the market for sale, and ised 50,500/. The colliery, 
it is stated, can turn out from 600 to 700 tons per day from 
the Silkestone seam alone, whilst from the Parkgate, 
Flockton, and Swilley seams combined 1000 tons,per day 
ean be raised if requ The colliery hasan area of 500 
acres, and is held on lease for 35 years from the 25th of 
February, 1869. It was offered for public sale in Man. 





‘| adjoining burghs. 


chester a few days , when 150 i owners 
attended, but only 17,0001. was bid for it. At it sum it 
was Wi! wn. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The warrant market 
a sudden relapse last Thursday, and prices closed 8d. per 
ton under those of the preceding day, owing to the an- 
nounced return of the Durham miners to their work pend- 
ing arbitration. In the morning prices 
to 43s. 7d. cash, and from 44s. 2d. to 43s. 9d. one month, 
closing a shade firmer—buyers at 43s. 9d. to 43s. 104d. 
cash and one month respectively, and sellers 14d. per ton 
higher. The afternoon prices went back still further, 
from 43s. 7d. to 43s. 4d. cash, and from 43s. 11d. to 42s. 6d. 
one month, closing buyers at 43s. 3d. cash and 43s. 43d. 
one month, and sellers again asking 1}d. per ton higher. 
Business was done on Friday morning at 43s. 14d. up to 
43s. 3d. cash, and at 43s. 3d. to od. one month, with 
buyers at the close offering the higher quotations and 
sellers asking 1d. per ton more. There were ions 
in the afternoon at 43s. 4d. down to 43s. 3d. one month, 
and at 49s. 3d. down to 43s. 1d. cash, sellers at the close 
asking 43s. 3d. one month and 43s. 1d. cash, and buyers 
offering 1d. less. The rise of 1s. 6d. per ton in the price of 
warrants was thus practically all lost, the close being only 
from 3d. to 1d. per ton over the closi 
previous Friday. In consequence of the less amicable 
appearance of the Durham miners’ strike on Monday morn- 
ing the warrant market again became very brisk. Prices 
were at one time 9d. per ton higher, but they were not so 
firm at the close, when they were only 6}d. over those 

voted at the close on Friday afternoon. Business was 
dene during the forenoon at from 43s. 6d. to 43s. 10d. cash, 
and at 43s. 7jd. to 44s. one month, the market closing with 
buyers at 43s. 9d. and 43s. 10}d. cash, and one month re- 
spectively, and sellers near. The prices in the afternoon 
ranged from 43s. 9d. down to 43s. 7$d. cash, and the closing 
quotations were—buyers 43s. 7d. cash and 43s. 6d. one 
month, and sellers $d. per ton more. Yesterday’s market 
opened steady, and in the forenoon a fair amount of busi- 
ness was done at 43s. 9d. cash, with buyers over at the 
close at that price. The afternoon market was dull, and 
sales were done at 43s. 9d. down to 43s. 6d. cash, the price 
improving to buyers at 43s. 6d., but closing weaker, with 
sellers at 43s. 5d. cash and 43s. 7d. one month. There 
was a very flat market this forenoon, when a good business 
was done at 43s. 3d. to 48s. 2d. one month, and 
at 43s. 2d. to 43s. 1d. cash, sellers over at the close at the 
lower quotations, and buyers offering 1d. per ton lower. 
The afternoon market was er, and business was done 
at 43¢. 2d. ten days and 43s. 3d. one month, the market 
closing with buyers at these prices, and sellers asking 1d. 
per ton more. The somewhat violent fluctuations in 
prices during the past week have been chiefly due to Jarge 
speculative purchases being made in anticipation of the 
Durham miners’ strike curtailing the production of pig iron 
in the Cleveland district ; but otherwise there has been no 
improvement in trade. Several brands of makers’ iron 
were advanced in price in sympathy with warrants to the 
extent of 6d. or 1s. per ton. The demand for shipping iron 
remains very quiet. A large quantity of iron is being sent 
into the public warrant stores, and the stock with Messrs. 
Connal and Co. up till last Friday night stood at 249,146 
tons, showing an increase for the week of 3940 tons. The 
warrant store is still regarded as the best market for the 
lower priced classes of pig iron. Last week’s shipments 
amounted to 11,795 tons, as compared with 8382 tons in the 
corresponding week of last year. There is no alteration to 
report in regard to the number of blast furnaces in actual 
operation, the total still being 87 as against 92 at the same 
time last year. 

The Fifty-four Hours’ Movement.—The extension of the 
working week from 51 to 54 hours is now oming very 
general in the engineering and shipbuilding trades in the 
east of Scotland. Some daysago notices were posted up at 
the various works in Edinburgh, Leith, Dalkeith, Bath- 
gate, &c., announcing the intention of the employers to 
revert to the 54 hours’ system on the 28th April. No word 
has yet come to hand saying that the workmen have not 
fallen in with the arrangement. The same system also 
came into operation at Dundee on Monday. Several con- 
ferences took place between the workmen and their em- 
ployers, but the latter could hold out no hope that the 
would depart from the terms of the announcement whi 
had been made. The addition of three hours to the length 
of the week’s work has not been accompanied with any 
increase of wages. 

The Disposal of + yt Sewage.—At a meeting of the 
Sanitary Section of the Glasgow Philosophical Society, held 
on Monday night, Mr. Alexander Frew, C.E., submitted a 
proposal for the removal of the sewage of Glasgow and the 
He said his scheme embraced an area 
of 12,575 acres, and estimating the population at 100 to the 
acre, the quantity of sewage and rainfall to be dealt with 
would be 136,782,000 gallons a day, of which about one- 
half would be domestic sewage. his quan he proposed 
to convey by sewer to the Corporation ground at Dalmuir, 
where it could be dealt with before the liquid was allowed 
to enter the river. He estimated the cost of the works at 
594,000, and the annual expenditure for carrying on the 
operations, exclusive of the treatment of the sewage, at 
42,0001. In the course of the discussion which followed, 
Lord Provost Collins said it was betraying no secret to say 
that Glasgow must be prepared to lay before next session 
of Parliament a plan to deal with at least a —— of the 
sewage of the city. Although Mr. Frew given no 
estimate of the cost of the chemical treatment of the sewage, 
he believed 20,0002. or 21,0007. would be sufficient, with 
10,0002. for removal of solid matter. Dr. J. A. Russell, 








of Edinburgh, afterwards read a paper on the same 


from 44s. | ¢, 


notations of the | - 


a + “Isaac Stone’s ‘Pneumatic Sewage 


Institution of Engineers and Shipbuilders.—The twenty. 
ond annual meeting of the Institution of Engineers and 
Shipbuilders in Scotland was held last night—Mr. Robert 
Mansel, President, in the chair. The Marine Engineering 
Medal and the Institution Medal available on account of 
the best papers read during the session 1877-78 were 
awarded, , to Mr. James Howden for his paper 
** On the of the Screw Pro, »” and-to Mr. Charles 
( , C.E., on account of hi ‘* On the Design. 
a ee idge.”” The vacant 
o! were then filled by the election of Messrs. John 
Thomson and George Russell as vice-presidents, and by the 
election of Messrs. James Reid (Hyde Park Locomotive 
Works), R. Bruce Bell, C.E., Jo Robertson, John 
Henderson, Jun., and David Rowan, as members of Council, 
and Mr. James M. Gale, C.E., as treasurer. Mr. James 
Howden subsequently read a paper ‘‘On the Reaction of 
the Screw Propeller, with a Review of the Theory of the 
see Professor aye? — discussion upon it and 
other papers was held over for a special meeting to 

be held on the 20th of May. - 

The Royal Scottish Society of Arts.—Thbe usual meetin 
of the Royal Scottish Society of Arts, which was held on 
ee oe t, under the chairmanship of Mr. W. Allan 
partes, C.E., i fey] by 2 taken R — the read. 

portion of a paper by the Edinburgh Firemaster 
(Mr. Samuel B. Wilkins) on “Public Fire-Escapes and 
the Rescue of Life from Fire.”’ 

Agricultural Implement Ezhibition.—The annual show 
of the Ayrshire icultural Society, which is only excelled 
in importance by that of the Highland Society, is being 
held in this week. isa ro | large and excellent 
display of agricultural implements and machinery, the ex- 
hibitors including many of the most eminent firms from 
south of the Tweed, such as John Fowler and Co., J. and 
F. Howard, Robey and Co., Samuelson and Co., Hornsby 
and Sons, together with all the leading Scotch firms. 
There are no prizes awarded in connexion with this show. 

Fairfield Association.—The concluding meeting of this 
association for the session was held on Wednesday evening. 
April 23, when a interesting paper on ‘‘ Hot-Air 
Engines,” was 1 by Mr. A. C. Jamieson, of Edinburgh, 
After the reading of the paper the election of new office- 
bearers was proceeded with, according to the usual custom. 
It was resolved that next session a medal be awarded for 
the best paper read before the society. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the attendance 
on ’Change at Middiesbrongh was numerous, but the 
amount of business was small. It was found 
that the deliveries of Messrs. Connall and Co., the warrant 
storekeepers of Middlesbrough and Glasgow, had been in 
excess of receipts. Their stocks showed a reduction of 
500 tons since the previous Tuesday having fallen to 
85,500 tons. Their Middlesbrough f.o.b. warrants were 
quoted at 38s. 6d. and 39s. net for No. 3. Storing at 
Middlesbrough has stopped for the present. Pig makers 
in the market quoted No. 3 40s. per ton, and in some 
instances they asked as much as 41s. per ton for this ay 
On the other hand, there were merchants who were y 
to sell the same description of iron, and guarantee imme- 
diate delivery, for 38s. 6d. per ton. As week after week 
rolls away, and the Durham miners’ strike continues, 
trade is becoming more disorganised, and matters are be- 
coming very serious. Something like 35 blast furnaces 
have been damped down since the beginning of the strike. 
This week there will be an addition to that number. As 
we have previously said some of the ironmasters who have 
heavy stocks hope to dispose of pigs at advanced rates and 
recoup themselves for damping down. Bunt the scarcity of 
coke will compel certain firms to stop their furnaces, and 
the stoppage may result in their being unable to resume. 
The financial position of a Cleveland ironmaster was a few 
years looked upon like the Bank of England. In these 
days of reformations and ormations that position has 
been changed. Since our last notice the Durham coal- 
owners have had a meeting in Newcastle, but they sepa- 
rated without doing anyt towards settling the strike. 
Mr. David Dale, of Messrs. Pease and Partners, pro 
open arbitration, but his proposal was lost, a large majority 
voting against it. Various s ions are being made for 
terminating the struggle, and it is hoped that some of them 
will su The; contest involves interests of such 
gigantic proportions that it cannot long continue. Already 
the consequences of the strike have been very serious loss 
and suffering. Every day that it continues results in more 
men who are not connected with the dispute being thrown 
out of employment owing to the short supplies of fuel which 
come from districts more remote. 

The Finished Iron Trade.—Beyond the fact that works 
are being stopped for want of there is nothing new to 
report in this branch of the staple industry. 








Tae InsTITUTION oF CrvIL ENGINEERS.—The Presi- 
dent of the Institution of Civil i will hold his 
annual conversazione, on Monday, the 26th inst., in that 
section of South Kensington Museum devoted to ex > 
ing and naval models, and machinery. Members will, how- 
ever, be invited to contribute objects of novelty or interest, 
to add additional attractions to the already extensive col- 
lection. Gentlemen only will be invited to the conversa- 
zione, the innovation introduced some years since by & 
former president, having been, it would appear, definitely 





abandoned. 
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STEEL FROM CLEVELAND ORES. 

THE subject which is of most interest to the 
metallurgical world at the present time is the in- 
vention of Messrs. Thomas and Gilchrist for remov- 
ing the phosphorus from iron in the Bessemer 
converter, thus enabling the Cleveland and other 
phosphoretic ores to be used commercially in the 
manufacture of steel. Many attempts have been 
made to eliminate the phosphorus from these ores 
in such a way as to render their use remunerative 
for steel making, and some of the best known metal- 
lurgists in this country and abroad have devoted 
their minds for years to achieve this object, but 
without success. It was therefore not without some 
degree of surprise that the announcement was re- 
ceived of the problem having been solved, and that 
not by the people to whom eyes had long been 


turned for tidings in this direction, but oy = 
of young men hitherto unknown to fame. The 
that the invention had been taken up by the great 
firm of Bolckow, Vaughan, and Co., and was being 
successfully tested on a large scale, of course lent 
weight to the announcement, and sufficiently ac- 
counts for the immediate and intense interest ex- 
cited in the Cleveland district, and indeed through- 
out the whole iron and steel trade of the country, 
The destruction of the iron rail trade, and the 
advance of steel into other branches of industry had 
destroyed in a measure the special advantages and 
much of the prosperity of the Cleveland district, 
To compete in the steel trade with the manufac- 
turers of the west was difficult when the hematite 
ores used had to be imported from Cumberland and 
Spain, and but few firms were bold enough to under- 
take the venture involved, It is little to be wondered 
at then that the reports of the new invention by 
which Messrs. Bolckow, Vaughan, and Co. were 
about to make steel in large quantities from the 
Cleveland ores should have sent a gleam of ho 
over the neighbourhood, and should have brought 


dia | forth reminiscences of the days when the founders of 


this same firm first discovered ironstone in the Cleve- 
land hills, and starting iron works close by on the 
banks of the Tees created in a few years the im- 
ortant and populous town and neighbourhood of 
iddlesbrough. The local papers naturally indulged 
in sentiment, and not a few of their contributors 
broke out in verse, while ironmakers, though still 
incredulous, began to count the thousands that 
might have to be expended in a possibly imminent 
reconstruction or conversion of their plant. 

We are concerned, however, at present with the 
invention itself, and its mode of application, rather 
than with its effect upon the well-being of particular 
neighbourhoods, and a description of the process will 
doubtless be of interest, especially as the accounts 
that have been published in most of our contem- 
poraries have been more or less incorrect in some im- 
portant features. 

It has been said in the press over and over again 
that the invention consists simply of a new magne- 
sian lime lining’for the Bessemer converter, which 
lining having an affinity for the phosphorus absorbs 
it from the iron; and the success of the invention 
has been supposed to depend upon how long this 
lining would bear the intense heat of the converter 
without being destroyed, and without becoming 
charged with phosphorus to such an extent to lose 
its virtue. This description is, however, by no means 
correct. The new lining does not, as a matter of 
fact, absorb the phosphorus, and hence the fear of 
its failing aueneh becoming charged with the latter 
is purely imaginary. The only enemy to the new 
lining is the intense heat, and this it has been found 
as capable of withstanding as the ordinary ganister 
lining, or even, it is said, better. The invention is 
in point of fact like all great and useful inventions, 
extremely simple in its conception, and is based on 
well-known chemical and metallurgical laws, and 
the difficulties met with were those incident to 
carrying it out successfully in practice. The latter 
have occupied the skill and exercised the patience 
and energy of the inventors during the last six or 
seven years, and the circumstances which eventually 
attended the introduction of their labours to the 
world, some of which we shall briefly refer to in the 
sequel, are in many respects peculiar, and will, we 
venture to predict, constitute hereafter an interesting 
chapter in metallurgical history. 

e shall perhaps best be able to make the pro- 
cess of Messrs. Thomas and Gilchrist asit is carried 
out by Messrs. Bolckow, Vaughan, and Co., clear to 
our readers by describing first what occurs in the 
ordinary ae A of making Bessemer steel from 
hematite ores or pigs. This may be put as follows: 
The molten iron from the blast furnace or cupola is 
run into the Bessemer converters without any other 
admixture, and the blast is turned on when by forc- 
ing cold atmospheric air at a high pressure through 
the fluid iron by a number of small holes or 
tuyeres in the bottom of the converter, the carbon 
and silicon together with other impurities are driven 
or burnt out of the iron. The carbon becomes 
oxidised and off as an inflammable gas, the 
variations in the colour of its fiame, y to- 
wards the end of the blow, indicating the stage of 
decarbonisation at which the metal has arrived. 
Simultaneously with the escape of the carbon, the 
silicon is oxidised, and combines with a portion of 
the iron also oxidised to form a slag or scoria which 
floats on the surface of the molten metal. What. 








ever phosphorus there is in the iron remains there, 








and it has hitherto been found impossible in the 
Bessemer converter to “ blow” it out. 

The slag so formed is of a silicious or acid nature, 
and offers no means of escape to the phosphorus, 
because phosphoric acid in its nascent state unless it 
has a strong base to unite with, relapses to its 
original condition and remains combined with the 
iron as a phosphide. Silica, it should be added, at 
high temperatures, is a more powerful acid 

hosphoric acid, and in point of fact prevents the 

tter from combining with the oxide of iron in the 


nder these conditions Bessemer steel has 

always hitherto been made, and the same remark, 

so far ag the acid nature of the slag is concerned, 

applies to the manufacture of steel in the Siemens- 
in and all open-hearth furnaces, 

In the early days of the Bessemer eonverter, 
this acid slag, combined with the intensely high 
temperature, rendered it difficult to find a lining 
which would stand the work satisfactorily, but the 
ganister lining was soon found to give good results, 
and has been employed ever since. The ister 
lining is itself a silicious or acid material, like the 
ordinary slag, and consequently so long as it could 
stand the heat and the movement of the metal it 
answered its purpose, 

Messrs. Thomas and Gilchrist recognised the fact 
that so long as there was an acid in the 
Bessemer converter, the removal of the phosphorus 
there would be an impossibility, and they contem- 
plated the conversion of this acid or silicious slag into 
a calcareous or magnesian basic slag. Such a slag 
would afford a base with which the nascent phos- 

horic acid could combine, and thus enable it to 
eliminated from the iron. This it was seen 
could be done, but then came the difficulty with the 
lining. A ganister lining being silicious or acid 
would be eaten away by a basic slag, and the 
latter would be itself neutralised at the same time ; 
so that to render the contemplated action of the 
basic slag possible a basic lining also had to be pro- 
vided. And this proved the hardest nut to crac 

Lime linings had been tried before for various 
kinds of furnaces and failed. Mr. Snelus we be- 
lieve proposed a lime lining for cupolas and con- 
verters about seven years ago, but it failed mechani- 
cally ; Dr, Siemens has stated in the 7imes that he also 
tried a lime lining unsuccessfully, Of course there 
were two difficulties in the way of these attempts, 
one being owing to the presence of the acid slag in 
the converter, and the other owing to the intense 
heat producing t friability and want of co- 
herence in the lime — The very principle, 
however, which Messrs. Thomas and Gilchrist 
were pursuing relieved them of the first difficulty, 
and they were not to be deterred by the latter. 
After patient investigation and countless experi- 
ments they discovered they could make an ex- 
cellent brick out of magnesian limestone con- 
taining from 6 to 8 4 cent. of silica, 3 to 4 per 
cent. of alumina, and 1 to 2 per cent, of oxide of 
iron, by firing it at a very high temperature, ordi- 
dinary firebrick kiln temperatures being insufficient. 

This, although apparently a matter of detail rather 
than of principle, was the turning point of their 
discovery. Many difficulties still remained with 
these bricks owing to their enormous shrinkage 
tending, and not only tending, to crack them. The 
shrinkage in volume is, we believe, from 40 to 50 

r cent,, and arises we may suppose in great part 
trom a new chemical formation of aluminates, 
silicates, and probably ferrates, the bricks becoming 
exceedingly hard and dense. The difficulty of the 
cracking has now been overcome, and once fired 
there is no after expansion or contraction. 

We may now describe the process. As at present 
conducted at Messrs. Bolekow, Vaughan, and Co.’s 
works at Middlesbrough, the steel is made from 
Cleveland ore in 2-ton converters. These converters 
are lined with the highly-fired magnesian lime bricks 
before described, e may mention that at Eston, 
Dowlais, and elsewhere, brick linings have been 
adopted and found better than rammed ones. 
Into the converter, before the molten metal is 
run in, is placed a certain quantity of lime, carefully 
weighed, and in proportion of course to the silicon 
and horus in the iron, of which the influence on 
the . to be neutralised. The metal is then 
run in and the blowing commences in the usual way. 
After the blow has proceeded some time a further 
quantity of lime mixed with oxide of iron is put 
into the conyerter, and the blow proceeded with 
until the operation is finished. ‘Towards the end 
of the blow samples of the iron and the slag are 
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taken out for examination, but this we understand is 
only contemplated during what may still be termed 
the imen , when accurate informationas 
to what goes on be ~ egy rhweretery 
thi necessary. en the blow is completed, 
aplegeloleen is put into the converter and the metal 
run out into ingots or gs in the usual way. 

Of the success of the process no one who has seen 
it at work can doubt, and we understand it will 
within a week or two be employed on a large scale 
for commercial oy at the company’s steel 
works at Eston, where the rail mills are also 
situated. 

That this invention marks a vast turn in the 
prospects of the iron and steel trades cannot admit 
of a reasonable doubt. That steel will now soon be 
made for practically the cost of iron, and will be 
sold sufficiently near the priee of iron to drive the 
latter out of the market so far as the great industries, 
such as shipbuilding and ongingesing are concerned, 
looks now more than ever like a thing of the imme- 


diate future, and should make even the most san- | slag. 


guine ironmakers look their position seriously in 
the face. That the change, however great the 
sacrifices of plant it may entail, will tell in favour of 
the Cleveland district, is also reasonably clear, al- 
though no one can count with certainty on an issue 
so broad and momentous when inventive faculties of 
man are awakened in self-defence; and other 
changes as vast as the one we have been describing 
are now being freely discussed, and are not without 
the bounds of ibility. 

That Mr. Thomas and Mr. Gilchrist have de- 
servedly established for themselves a name and 
position in the history of our steel manufacture is 
already acknowledged, but wehave notseen as yetany 
searching criticism of the position which their inven- 
tion should occupy. This, however, will doubtless 
soon follow. It will be asked whether the inventors 
have been treading simply in the footsteps of one or 
other of the great authorities on metallurgy, and been 
lucky enou fi to work out in detail and in a practical 
shape what been already sketched out for them in 
theory. We think they are entitled to far higher 
praise than this, for they have cleared up much that 
was obscure by formulating as they have the true re- 
lation between a basic lining, a basic calcareous slag, 
and the removal of the phosphorus at high tempera- 
tures, quite apart from their practical success in carry- 
ing the theory out. It may, of course, be said that the 
oxide of iron slag used in the puddling furnace is a 
basic slag, and that this forms the groundwork of 
Mr. Isaac Lowthian Bell's system of extracting the 
phosphorus, but this scarcely covers the whole 
ground. 

It has long been known that in the —— fur- 
nace the phosphorus has a strong tendency to leave 
the iron at low temperatures, and that at the higher 
temperatures the tendency is to return to the iron; 
this doubtless arising from the increased activity 
and strength of the silica at the higher temperatures. 
Mr. Bell’s method of procedure, based on this phe- 
nomenon, was to run the metal into a bath of oxide 
of iron at a low temperature, and by agitating the 
metal in the oxide of iron, the silicon and phosphorus 
are both removed, but not the carbon, The purified 
metal is then run off, and the carbon extracted ata 
high temperature in a Siemens open-hearth furnace. 
This system is extremely _ and interesting, but 
we cannot help feelin t by emphasising as it 
were the importance of a low temperature, it has 
tended to obscure the simple property of a basic slag 
when it is sufficiently fixed and powerful to extract 
the phosphorus at high temperatures. As a matter 
of fact, the extreme temperatures of the Bessemer 
converter and the Siemens furnace were deemed by 
many, if not by most authorities, to offer an insuper- 
able difficulty to the removal of the phosphorus in 
them, and when Mr. Thomas stated last year at the 
meetings of the Iron and Steel Institute that he 
could remove 99 per cent, of the phosphorus in the 
Bessemer converter, an *‘ audible smile” became mani- 
fest. Nothing can show more clearly than this that 
the principle which underlies Messrs. Thomas and 
Gilchrist’s invention had not been clearly recognised 
in connexion with these high temperatures, 

It may be interesting to mention here that it is 
found that for good working the should contain 
not less than 33 per cent. of lime magnesia, while 
it generally contains over 40 per cent. and under 
20 per cent. of silica, In contrast to this it may be 
stated that the ordinary Bessemer or Siemens slag 
contains from ee ante yes Seiad ae 
nesia, and over 40 per cent. of 

That some virtue would be found in a lime lining 





is a belief that has been cherished by many, and we 
have referred to its trial by Mr. Snelus and by Dr. 
Siemens. A few years ago also the great German 
metallurgist Wedding suggested an oxide of iron 
lining for the Bessemer converter, with a view to 
making an oxide of iron slag as in the puddling 
furnace. This has been tried, and proved a failure. 
In the first place the lining melted, and in the next 
such a furious boiling was set up as to throw a great 
deal of the metal out of the converter, and lastly, 
the phosphorus was only partially removed, a defect 
in itself fatal. 

And nearly similar objections exist to the addi- 
tion of oxide of iron alone to form the slag. In 
reality the lime additions are chiefly looked to by 
the inventors to form a powerful base, and the oxide 
of iron which we have before referred to as mixed 
with the lime for addition to the converter, although 
it is capable of making a satisfactory base in the 
puddling furnace, is added here only in small 
quantities and chiefly to give more fluidity to the 


Summing up the process of Messrs. Thomas and 
Gilchrist it may be said to consist of (1) the forma- 
tion of a durable and “ patchable” lime lining ; 
and (2) the production of acalcareous or magnesian 
basic cinder or slag containing under 20 percent. 
of silica, and certain features in the blowing neces- 
sary to reap the full advantage of the above con- 
ditions. 

It applies so far as the slag and lining are con- 
cerned to the Siemens-Martin furnace as well as to 
the Bessemer converter, and it is being taken up 
rapidly abroad. It has, we are informed, been tried 
under Mr. Thomas’ instructions at Thy-le-Chateau 
in a Ponsard furnace, which is a combination of 
the Siemens furnace and Bessemer converter, 
and very admirable results have been obtained 
when using phosphoretic pig. For —- 
furnaces the Pernot furnace is probably the 
best adapted for this process, as it combines the 
intense heat of the Siemens regenerators, with a 
movable bottom capable of being got out and got 
at without lowering entirely the temperature of 
the furnace, and it can also be kept in motion 
during the making of a charge, thereby bringing 
different portions of the metal in contact with the 
flame and considerably reducing the time neces- 
—— each charge. 

all these cases there is, as will be seen, only the 
one process to go through to make steel from Cleve. 
land ores, as at present when hematite ores are used ; 
and as to the matter of increased cost there has been 
up to the present time, we are informed, an excess 
over the cost of blowing hematite pig of roy sop 
less than 2s. per ton, and this is likely to be muc 
further reduced when larger converters are employed. 

In Mr. Lowthian Bell’s plan for eliminating the 
phosphorus there are two distinct and separate — 
tions requiring separate furnaces at widely diffe- 
rent temperatures, and this increases the cost so 
much as to render the plan commercially un- 
successful. Mr. Krupp, of Essen, has recently 
taken out a patent for removing the phosphorus in 
a cupola, but we have not the details of the system, 
although we believe it proceeds on the same 
principle as Mr, Lowthian Bell. 

We promised in the early part of this article to say 
a word on the history of this invention and the cir- 
cumstances of its appearance, but the space at our 
disposal will not permit of more than a brief reference 
on the present occasion. Mr, Sydney Thomas and 
Mr. Gilchrist, who have both studied at the School 
of Mines in Jermyn-street, have been working 
together at the perfection of their invention for 
some six or seven years, as we have stated. Mr. 
Thomas was a resident in London, while Mr. Gil- 
christ was chemist to the Blaenavon Steel Works 
in South Wales. The idea of investigations in the 
direction they afterwards followed occurred to Mr. 
Thomas, in whose name the patents have been taken 
out. After making experiments on a small scale 
sufficient to satisfy themselves of the correctness of 
the theory they were pursuing, they obtained the 
assistance of the Blaenavon Company, which was 
under the management of Mr. Edward Martin, 
Here they were eventually able by the assistance of 
the company to experiment with a 9 cwt. Bessemer 
converter, and at the Blaenavon works they first 
made successfully their magnesian limestone bricks 


and proved their pro 
Having sewer So , at which they could 
lay with safety the of their investigations 


before the world, the 
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the Paris meeti last year. It is a remarkable 
fact, however, and by no means creditable to those 

nsible, that the Institute in question, which 
of all others should at once have detected the value 
of the paper, looked coldly upon it, and it was not 
admitted to be read. Its contents, however, be- 
came known to some of those most interested in the 
steel trade of this country and abroad, and among 
others to Mr. Windsor Richards, the scientific and 
able r of Messrs. Bolckow, Vaughan, and 
Co.’s Works at Middlesbrough, who was not long 
in detecting the merits of the discovery and its 
enormous importance to steel works situate in the 
Cleveland district. The Blaenavon Works, the early 
trons of the new invention, having met with 
fficulties, the field was soon left open to Mr. 
Richards, who having seen some experiments made, 
lost no time in entering into arrangements for 
putting the system to trial on a large scale. We 
trust such enterprise will be well and amply re- 
warded, and that the firm of Messrs. Bolckow, 
Vaughan, and Co. will reap a rich harvest from 
the promptitude and accurate foresight of their 
able manager. 

The meetings of the Iron and Steel Institute occur 
again next week in the hall of the Institution of Civil 
Engineers, and we see by the programme that the 
paper by Messrs, ‘Thomas and Gilchrist, despised by 
them last year at Paris, now occupies a prominent 
position for the forthcoming meetings, together with 
others on nearly the same subject. From the 
great interest taken in the matter we anticipate a 
very successful gathering, although for the reputa- 
tion of the Institute we cannot help a passing regret 
that a discovery of so much importance should not 
have been immediately recognised and honoured last 
year, when it was first presented, instead of now, 
when it has already been before the public for some 
time, and when it has passed beyond the need of a 
generous helping hand. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

As we mentioned in our last issue, the meeting of 
the Institution of Mechanical Engineers, which took 
place last week, was the first held in the evening, 
and we should think that the result justified the 
Council in having made the change of hour. There 
was a good attendance of members and others on 
both evenings, and a general liveliness about the 
discussions which in some way does not seem so 
easily obtained at the earlier hour formerly chosen. 

We print to-day in extenso the papers of M. Marié 
and Captain Galton, which were read on the first 
evening ursday), the one on recent experiments 
with the Smith vacuum and Westinghouse automatic 
brakes on the Paris and Lyons Railway, the other 
on the experiments with the last-named brake which 
the author has recently been carrying out along 
with Mr. Westinghouse. Captain Galton, after the 
papers were read, made a short statement as to his 
opinion in reference to the decrease of friction at 
high speeds, which he attributed—as has often been 
done before—to the fact that the small projections 
on the one piece of. material had not time to fall 
down into the hollows of the other, as they passed 
over them, so that the work of lifting them out, 
which was the cause of a large portion uf what we 
call frictional resistance, had not to be done. 

Mr, Yeomans then rose, and, referring to M. Mari¢’s 
criticisms of the brake gear, disclaimed all responsi- 
bility for‘its form. It was a gear designed by Mr. 
Stirling, of the Great Northern Railway, and had 
given satisfaction here; it had been chosen by M. 
Marié, Sen., from three different forms submitted 
to him. He asked for more information about the 
drawbars which had broken, and broken equally, 
apparently, with the very suddenly applied Westing- 
house, and the more gradually applied vacuum brake. 
He thought this must have been due to some special 
arrangement of the drawbar. M. Marié’s opinion 
about the leather sacks amounted merely to a specu- 
lative statement. In his own experience some twenty 
sacks out of 2000 had failed in the course of two 
years’ work. 

M. Marié explained by a sketch on the black 
board the arrangement of buffers and drawbars used 
on the Paris and Lyons Railway. The buffer rods 
were connected to the ends of long bow-springs, 
and the drawbars (non-continuous) had — and 
stiffer springs. He had no doubt that the breakages 
were due to this ment, which was a capital 
one for ——— illation of the carriages, but 
very ill adapted for use with a continuous brake. 
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In spite of the very rapid application of the West- 
inghouse brake, a sm Be in the pipes had 
sometimes been sufficient to cause breakage of the 
drawbar, through the very different stiffness of the 
two sets of springs. 

M. Banderali said that leather was a material which 
would no doubt some time besuperseded by something 
better, but it was certainly better than india-rubber, 
and was for the present the best material available. 
Although he had used such brake gear as that 
criticised by M. Marié for three years now, he had 
not found at all the great difference of pressures on 
the springs of which M. Marié spoke, and which had 
been found also on some English lines, This was 
no doubt due to the fact that he did notsling his brake- 
blocks direct jfrom the main frame, but from a 
secondary frame supported by the axle-boxes, and 
quite independent of the body of the carriage. He 
held a very decided opinion as to the benefit of this 
plan. The breakage of drawbars on the Lyons Rail- 
way was certainly due to the arrangement of draw- 
bar employed; he had had no such breakage, in 
spite of working sometimes under very unfavour- 
able circumstances. The only remedy was to do 
without springs as far as possible, and use con- 
tinuous drawbars, or something like them. In 
reference to M. Marié’s remark about trials on long 
inclines, he believed the Austrian Sudbahn Rail- 
way was very well satisfied with the working of the 
vacuum brakes on the long and steep inclines (1 in 
40) over the Semmering. 

Professor Kennedy said that there did not appear 
any room for doubt as to the fact, whatever its 
cause might be, that the coefficient of friction di- 
minished as the velocity increased, at least under 
such circumstances as those described. Captain 
Galton’s results were the means of many experi- 
ments, and not only the means, but the maxima and 
minima given in his Table I. showed the same 
thing. The old French experiments of Poirée and 
Bochet, made, however, only with skidded wheels 
and skid-brakes, were also quite in accord with 
them. The only differing results which he had seen 
were those of Thurston, who found the coefficient 
to diminish to a certain point, and then to increase 
slowly with the velocity. But the details of these 
experiments were not given, and in any case they 
were made with an ordinary lubricated bearing, and 
not with two dry surfaces. He had plotted out the 
figures given in Table II., and so far as the few 
curves thus obtained went, they indicated that a 
minimum and tolerably constant very low coefficient 
(.04 and .03) would be reached in from a minute 
to a minute and a half. (Mr. Westinghouse here 
explained that his apparatus only permitted of 
measurement during 30 seconds). ight not this 
be accounted for by the simple polishing of the 
surfaces? It was conceivable that the differences 
of coefficient at different velocities might be con- 
siderably reduced if measured after the surfaces had 
been working together for some time. From work- 
ing out a number of Captain Galton’s published 
diagrams, he had come to the conclusion that the 
coefficient of friction between the blocks and the 
wheels was about 3.5 times as great as that between 
the wheels and the rails, skidded. This, he saw, 
was quite confirmed by Captain Galton. He still 
thought that, as he had suggested at Paris, this 
might be due to polishing, on account of the enor- 
mously greater intensity of pressure in the one case 
than in the other. The block pressure was often 
1501b. to 200lb. per square inch, but there was 
nothing improbable in the pressure on the small 
flattened surface of the skidded wheel reaching even 
16,0001b. per square inch. He had worked outa 
number of Captain Galton’s diagrams in order to 
see if this view were at all borne out by results ob- 
tained by comparing different brake-block pressures 
with each other, and had found that it was so, most 
distinctly. The higher brake-block pressures showed 
consistently a very greatly diminished coefficient of 
friction ; the results were, of course, complicated 
by the fact that higher pressures were often accom- 
panied by higher velocities also. Speaking of the 
pressure-regulating valve, he paid a well-merited 
tribute to the real engineering spirit in which Mr, 
Westinghouse had no sooner found out what was 
wanted than he set himself at once to supply the 
want with the greatest possible ingenuity and, he 
hoped, success. 

In answer to Mr. Paget, M. Marié said that his 
brakes were hung from the springs. Mr. Paget 
mentioned a number of experiments which he had 
made with ropes and grooved wheels, in which he 
had found the ratio of statical to dynamical friction 





to be about 3 to], but to be affected a great deal 
by the speed. 

Mr. Riches (Taff Vale) said that with the vacuum 
brake on his linethey had had only two slight mishaps 
in about 79,100 stops, and had never broken a 
drawbar ; this was in spite of a ruling gradient of 
lin 50. The brake was used on passenger trains 
only. Mr. Sanders’ somewhat depreciatory remarks 
on Captain Galton’s paper were characterised by 
anything but good taste. He thought we should be 
cautious in accepting the figures given, the reason 
of the caution being, so far as we understood, that 
these figures were not in a form to enable a locomo- 
tive superintendent to design a brake from them! 
He thought that Captain Galton’s appendix con- 
tained a question: “ Has the brake any self-acting 
means of indicating when it is out of order?” of the 
most vitalimportance, especially to automatic brakes. 
The gauge should not only indicate the pressure in 
the pipes, but also the actual pressure available for 
the cylinder at any instant. And this could only be 
secured if there were no cock or valve whatever be- 
tween the gauge and the cylinder itself. This 
degree of simplicity he believed he had attained in 
his own brake, where he was going to try cast-iron 
cylinders and pistons. It was possible that the 
drawbar breakages had been caused by the failure 
of the valves on some carriages to act, so that the 
brakes went on unequally in different 
There had been no breakage of drawbars on the 
Great Western and the Midland lines. An American 
gentleman, whose name we did not catch, spoke in 
favour of the durability of india-rubber sacks under 
very trying circumstances indeed. 

Sir Henry Tyler expressed the pleasure which the 
manbers of ths Institution felt in receiving a paper 
from M, Marié, and in the fact that both he 
and M. Banderali had been good enough to come 
to London specially to join in this discussion—a 
little speech which was received with great 
applause. 

r, Price Williams remarked on the confirmation 
given to Captain Galton’s experiments by those of 
Poirée mentioned by Professor Kennedy. He was 
sorry that Captain Galton had plotted his diagrams 
with horizontal ordinates representing ‘ime ; M. 
Marié’s plan, in which these were feet, he thought 
decidedly preferable. He strongly supported Cap- 
tain Galton in urging the appointment of a Royal 
Commission on the subject of brakes. 

Mr. E. A. Cowper suggested that the cause of the 
diminution of friction with time was rather a burnish- 
ing of the surfaces than a polishing. The little 
prominences would really be worn off, and the inter- 
mediate hollows filled up with the dust so formed, 
This view was also taken by Mr. Parsons, who said 
that he had collected and weighed the “dust” worn 
off in this way by the friction of a wrought-iron 
strap on a cast-iron rigger, and estimated that it was 
sufficient to form an actual film of dust between the 
surfaces as they worked. He thought also that this 
was the secret of the self-lubrication of the 
‘‘ Perkins metal” piston rings, 

Mr. Charles Hawkesley was particularly pleased 
with Mr. Westinghouse’s valve; he had suggested 
at Paris that in time some automatic arrangement 
of the kind might be eventually adopted. To be quite 
complete, however, the apparatus should modify 
itself according to the load on the wheels and the 
state of the rails. The former might perhaps be 
arranged by some additions to the valve shown, 

M. Marié said that if the cause of the diminution 
of friction with time were the polishing or burnish- 
ing of the surfaces it ought to be permanently dimi- 
nished and not to take up its former value after 
every stoppage. He attributed the whole pheno- 
menon to the action of heat, 

Mr, Westinghouse alluded to the ease with which 
steel could be cut at enormously high speeds, without 
even heating, by a revolving cutter which would not 
touch it at a low velocity, and suggested that the 
fine particles cut off might act as little rollers be- 
tween thesurfaces. In reference to his pressure re- 
gulating valve he said that the avoidance of shock 
at stoppage by its use was most striking in the ex- 
periments on the Lyons Railway. If it were made 
so as absolutely to prevent the possibility of skidding 
under all circumetances it would no doubt be a more 
perfect affair, as well as a more complex one, but it 
should be remembered that an adjustment for sa 
18 per cent. adhesion would be sutficient even wi 
the present arrangement to secure the prevention 
of skidding in 99 cases out of 100. 

Mr. Frith asked Captain Galton whether he 
thought a brake should always be put on quickly, 








whether it would not save wear and tear were it 

slowly applied in ordinary cases ? 
Captain Galton, in replying, said he was disposed 
ennedy as to the coeflicient 


to agree with Professor 
of triction rang up some constant minimum value 
after a certain limited time, Unfortunately, how- 
ever, their apparatus did not allow of making ex- 
riments over a longer period than 30 seconds. 
robably M. Marié was right in attributing the 
phenomenon to the action of heat. They had re- 
eatedly taken off the pressure and then reapplied 
it very rapidly, and in every case had got the first 
(and greater) coefficient over again, a fact which 
was hardly consistent with the notion of any polish- 
ing action. The whole matter was one which might 
be greatly elucidated by the Research Committee. 
In reference to the use of an automatic brake in 
ordinary stops he pointed out that in such cases 
the driver has already reduced speed before he puts 
on his brake, so that he does require to put on full 
pressure, The driver ought always to have a speed 
indicator. Mr. Stroudly’s indicator (used on the 
Brighton line), which consisted of a revolving screw 
in a tube containing water, whose height was an index 
of the speed, seemed to work well. It certainly 
possessed the great advantage that as it did not 
record against the driver, he was under no tempta- 
tion to put it out of order. 

In proposing a vote of thanks, which was very 
cordially given, to M. Marié and Captain Galton 
for their Mm the President strongly supported 
Captain Gai ton’s view as to the necessity of a Royal 
Commission being appointed to go into the whole 
matter, and hoped to see Captain Galton a member 
of it, 

The first paper read on Friday evening was one 
by Mr, Alan C. Bagot on the ‘Construction and 
Comparative Merits of the Safety Lamps generally 
in use,” which we shall publish shortly. There 
was not much discussion upon it. Dr. Hopkinson 
asked the author a question as to the possibility of 
the use of the electric light in mines, and called 
attention also to a paper recently read before the 
Royal Society, by Mr. Galloway, on explosions in 
coal mines with especial reference to the effect of 
finely divided coal dust. Mr, Daniel Adamson 
made some remarks upon the part played by Ste- 

henson in the improvement of the safety lamp. 
Hie said that the Davy Jamp was often protected 
against currents by a light glass tube outside the 
uze. Mr. E. A. Cowper thought that a safety 
p should be tested in an atmosphere of coal 
dust as well as in one of gas, Remembering how 
easily Mr. Crampton’s dust fuel took fire one 
could not help thinking that the fine dry dust of a 
coal mine must be a very serious source of danger. 
Mr. Crampton thought that the author could make 
a most valuable addition to his paper if he stated in 
an appendix approximately the cost of such simple 
apparatus as would be used in mines where they 
had no gas. 

Mr. Bagot replying said that the electric light 
will not show the presence of gas and so he preferred 
a self-extinguishing lamp, He enlarged upon 
the practical difficulties in the way of the use of the 
electric light and its apparatus in the limited and 
inconvenient space of a mine, He insisted upon 
the proper cleaning of the lamps before they were 
served out at each shift. In reference to the test- 
box which he had himself described, and which 
was on the table, he pointed out that the little pane 
of glass at the top was made much thinner than 
that at the side, so that it might give way first in 
an explosion. This he found quite to obviate the 
risk of the box doing any damage to the observer 
by exploding in front while a test was being made. 
Such an apparatus as was mentioned by Mr. Cramp- 
ton only cost 2/. or 31. 

Mr. F. W. Webb pointed out that a very small 
electrical spark was quite’ sufficient to light a cur- 
rent of gas, He -regretted to say that his expe- 
rience with toughened glass had been the same 
as that of Mr. Bagot: it was a very untrustworthy 
material indeed. 

The last paper read was by Dr. J. Hopkinson, 
F.R.S., on “ Electric Lighting.” The special point 
taken up by the author in this paper, which we shall 
print shortly in full, was the experimental determi- 
tion of the percentage of the driving energy actually 
utilised in the process, i.c., the “efficiency” of the 
light. The paper read was a first communication 
only, and dealt chiefly with his experiments upon 
the efficiency of the dynamo-electric machine itself. 
Mr. Preece opened the discussion by expressing his 
gratification that mechanical engineers were now at 
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last claiming electrical work as within their own 
province. The absolute quantitative determinations 
upon which Dr. Hopkinson was working were just the 
very things which electrical engineers now required. 
Although the 90 per cent. efficiency of the Siemens 
machine was a most excellent result, he believed it 
might still be tly raised, and did not doubt that 
in time an efficiency as high as 98 per cent. would 
be obtained. But apparently the electric light itself 
actually utilises only about half of the energy so 
transmitted, and its efficiency was still further re- 
duced by the “ counter-current” resistance of the 
carbons. The author’s mode of measuring currents 
he considered extremely good; it happened that he 
himself had been using almost the same method, only 
varying the electro-motive force instead of the re- 
sistance. 

Lord Rayleigh spoke very highly of the general 
value of such quantitative experiments as those of 
the author. As to the meaning of the curve of 
Fig. 4—which was not perhaps quite clear at first 
sight—he thought it might be rendered more distinct 
by noting that the curve could be a straight line 
through the origin were it not that the iron did not 
keep up its magnetism with the current producing 
that magnetism, this hanging back as it were of the 
iron causing the curve to deviate from such a straight 
line in the manner shown. 

Mr. Cowper raised the question of how far the 
state of the machine, represented by the beginning 
of the curve, was the same as when the magnet 
became more and more saturated. As to the resi- 
dual magnetism, he mentioned that he had worked 
at the subject when attending, as a young man, Dr. 
Ritchie's lectures at University College, and had 
found that he had more than doubled the speed of a 
little machine by using magnets composed of many 
thicknesses of very thin iron, laminated magnets in 
fact. He had used the same form of magnet re- 
cently again in his writing telegraph, and considered 
it to have very great a The form of dy- 
namometer by Dr. Hopkinson was, he men- 
tioned, essentially the same as that of a machine 
long ago devised by Mr. Davies, the inventor of the 
disc engine. 

A letter was then read from Prof. W. G. Adams, 
F.R.S.—who was unavoidably pee from being 
present—in which he suggested an altered arrange- 
ment of Dr. Hopkinson’s curve, so that horizontal 
ordinates should represent resistance and vertical 
ones electro-motive force. Hs showed how readil 
the curve drawn in this way would lend itself to suc 
illustrations of the analogies of electric phenomena 
to those of mechanics or heat as the one employed 
by the author near the beginning of his paper. 

Mr. Lewis Olrick hoped shortly to be able to ob- 
tain the results of experiments with eleven sets of 
machines recently supplied to Government, driven 
by Brotherhood engines, which experiments he be- 
lieved would be of great value. 

Professor Kennedy asked the author as to his 
experience with the form of dynamometer he used, 
how far he felt justified in trusting the results ob- 
tained from it, whether he had found it handy and 
convenient to work with, and whether he had 
thought it necessary to make any experimental check, 
with a more direct form of apparatus, upon its in- 
dications. 

Dr. Hopkinson in reply, referring to Mr, Preece’s 
remarks, caused some laughter by saying that he 
really thought that electricity was now ‘rising to 
the rank of a mechanical science,” and was no longer 
to be classed with botany and physiology. Lord 
Rayleigh’s explanation of the curve was perfectly 
correct, The results given by it, he added, agreed 
very fairly with Weber's theory of Induced Mag- 
netism. Hie quite agreed with Mr, Cowper as to 
the advantages of laminated magnets, but rather 
differed from him as to their cause. He thought 
induced electric currents had probably more to do 
with the matter than residual magnetism. Professor 
Adams's arrangement of his curve was _ to suffi- 
ciently important objections to justify him in ad- 
hering to the one he had adopted. Among others 
which he mentioned was the difficulty that it 
squeezed up the part of the curve corresponding to 
high currents, while inordinately extending that 
which corresponded to low currents, as he showed by 
an example. In answer to Professor Kennedy, be 
said that he had every reason to believe that the 
dynamometer was fairly accurate ; there were some 
small difficulties of observation (chiefly due to the 
unsteadiness of the pointer of the Salter’s balance), 
but these were not of a serious nature. He had not 


way. He described, in conclusion, another form of 
dynamometer (of which a diagram was hung upon 
the wall), which had been used for some time by 
Mr. Parsons. Here the driving wheel was vertically 
above the drivers, the latter being considerably the 
smaller, The strap hung down on each side of the 
lower pulley in a loop, each loop being kept taut by 
a loose palle hanging in it and carrying a weight. 
One weight had attached to it a pointer which could 
be kept steady against a scale (as in Dr. Hopkinson’s 
machine, or as in an ordinary friction brake), and 
the difference between this weight and the other mea 
sured very directly the driving tension in the strap. 

The President, in proposing a vote of thanks to 
Dr. Hopkinson, spoke very cordially of his paper, 
and expressed also, like Mr. Preece, his gratification 
that electrical subjects were more and more becom- 
ing part of the necessary knowledge of a mechanical 
engineer. After the usual vote of thanks to the 
Institution of Civil Engineers for the use of their 
hall had been carried, he brought a pleasant and 
successful meeting to a close by announcing the 
summer meeting of the Institution, which is to be 
held in Glasgow, in August, at the invitation of the 
Institution of Engineers and Shipbuilders in Scot- 
land, and at which a number of interesting papers 
are to be read. 


UTILISATION OF SULPHIDES AS FUEL. 
Forsome time past Mr. John Hollway, of London, 
has been engaged in developing a metallurgical pro- 
cess, having for its main object the utilisation of the 
heat obtained by the oxidation of certain mineral 
substances which have never before been utilised as 
sources of heat in smelting operations, such heat 
being made to take the place of carbonaceous fuel in 
the reduction of the ore. In view of the scarcity in 
some countries of ordinary fuels, and the co- 
existent abundance of mineral substances, such as 
pyrites, in which a large amount of this heat is con- 
served, this process possesses a wide interest, and 
may ultimately have a very important bearing upon 
metallurgical science and practice, especially as re- 
gards the reduction of copper ores. At present 
Mr. Hollway’s process has not proceeded beyond 
the experimental stage, although the experiments 
made with it have been on a considerable scale, and 
their results so far have proved very successful, and 
therefore most encouraging. The principle of the 
process consists in the oxidisation of sulphides, and 
the consequent development of a sufficient amount 
of heat to render their smelting a self-supporting 
operation, the only extraneous fuel used being a 
very small quantity of coke at starting, in order to 
give the necessary initial temperature in the same 
way that wood is used to light a coal fire. The 
practice consists in forcing a current of air through 
the molten sulphides, thus rapidly oxidising them, 
and causing a large proportion of the sulphur to be 
expelled in the free state, the resulting heat serving 
for the fusion of the cold ore without the addition of 
any other fuel. The experiments, which have been 
undertaken in order to demonstrate the practica- 
bility of the invention, have been carried out by 
Mr. Hollway, at Messrs, Cammell and Co.’s Works, 
at Penistone, and at Messrs. John Brown and Co.’s 
Atlas Works, at Sheffield. It is those carried out 
at the latter works with which we propose to deal, 
and to place their particulars before our readers. 
The first experiment at the Atlas Works was 
carried out on the 8th inst., and the especial object 
then in view was to prove that in the smelting of 
cupreous ores a large proportion of the sulphur 
could be expelled in the free state, and be after- 
wards collected. At the same time it was also 
desired to demonstrate the fact that the ore under 
treatment contained the primary element of its own 
reduction, namely, sufficient heat. And here we 
must premise that the plant used is not that which 
has been made for this special operation, nor is it 
that which would be adopted in practical working, 
although the general principles would remain the 
same. It is simply a portion of a Bessemer plant, 
which has been rendered available by certain altera- 
tions being made in it. The plaut is that in the 
Bessemer C shop at the Atlas Works, and consists 
of four ordinary cupolas modified to suit the re- 
quirements of the process, and marked A, B, C, and 
D. In cupola A the side tuyeres were removed and 
a Bessemer hearth with the necessary blast substi- 
tuted. At the side of this cupola, and in communi- 
cation with it, is a fore-hearth or receptacle, in 
which the regulus and slag are allowed to accumu- 








meter internally, and at the height of 6 ft. 6 in. from 
the bottom is an outlet for the slag. The floor of 
the fore-hearth is about 2 ft. below the level of the 
hearth of the cupola. The mixed regulus and slag 
flow over into this receiver, the regulus sinking to 
the bottom, and the slag rising, and ultimately 
flowing off at the outlet. The regulus is tapped at 
intervals from the bottom of the fore-hearth. In 
order to prevent the escape of the gases this cupola 
is fitted with a cup and cone arrangement for 
charging, similar to that used in blast furnaces. At 
a height of about 12 ft. from the hearth in cupola A 
is a brick flue opening into cupola B, and through 
which the s are conducted from the former into 
the latter. Cupola B is closed at the top, and has 
its lower charging door also closed, and within it is 
a jet of water which is forced from the bottom to 
the top. Here the gases are cooled, and the crude 
sulphur and other sublimates are condensed. The 
uncondensed portion of the vapour passes from the 
bottom of cupola B by a passage into cupola C, 
where it encounters a shower of water which further 
condenses the vapours. From C the remaining 
portion—if any—of the vapour is conducted to 
cupola D, where it meets another shower of water, 
and where still further condensation is effected. The 
two last cupolas have their charging doors closed, 
but their tops are left open so as to permit of the 
escape of the uncondensed gases which are here 
considerably reduced and attenuated. The water 
from the three cupolas is carried off through a cul- 
vert to a tank where any sublimates that may be 
carried over with it are collected, 

In carrying out the first experiment cupola A was 
first heated with a coke fire and the blast started. 
Rio Tinto cupreous pyrites containing by wet assay 
1.7 of copper, 48.0 of sulphur and 42.0 of iron were 
then charged into the cupola with some charcoal 
until a fluid bath of molten sulphide was obtained. 
After this pyrites and sandstone were charged in 
without any other fuel at the rate of about 5 tons 
od hour. When a charge of about 12 tons had 

een thus accumulated operations were brought to 
a standstill by reason of a deposit of sulphur having 
been formed at the bottom of the cupola B. This 
closed up the exit from B to C, and the imprisoned 
gases lifted the top of cupola B, and by back pressure 
drove out the molten slag ina rapid stream from the 
fore-hearth. The practical results of the experiment 
were, however, to a considerable extent attained. 
In the first place, it was demonstrated to the satis- 
faction of those present that the heat developed 
from the pyrites was more than sufficient for the 
melting of the charge, whilst in the second it was 
proved—too palpably perhaps—that the sulphur 
could be condensed from the vapours and after- 
wards collected in a free state. ‘The copper and 
iron were moreover concentrated into a regulus of 
excellent quality. 

The subsequent experiments at the Atlas Works 
were instituted with the view of showing that a 
good regulus could be obtained without great loss 
of copper in the slag, and were, like those by which 
they were preceded, conducted in the presence of 
many metallurgists and representatives of the copper 
trade and of American and other mines. The pre- 
vious experiments having proved conclusive as to 
the collection of the sublimates, that point was not 
again demonstrated, the sulphur being allowed to 
burn to waste. The cupola A only was, therefore, 
used, communication between it and cupola B 
having been cut off. These experiments, however, 
were only partially carried out owing to defects de- 
veloping themselves in the extemporised apparatus 
which was most persistent in giving way now here 
a little and now there a little, besides disclosing 
some inherent defects which could not well have 
been foreseen in adapting the old plant to its new 
work, All these circumstances combined to inter- 
fere with the continuity of the working. The object 
of the experiments, however, was gained, although 
not on the scale that was contemplated, inasmuch 
as the slag upon assay was found to contain only 
.04 per cent. of copper. This points conclusively 
to the presence of the whole of the metal—save the 
above mere trace—in the regulus, which in fact was 
proved by assay. ‘The value of the pyrites as a fuel 
was moreover repeatedly demonstrated during the 
experiments, which we may here mention will 
shortly be resumed, Upon one occasion, owing to 
insufficient feeding, the furnace was reduced to a 
very low state of activity. By the free supply of 
pyrites as a fuel, however, the temperature was 
rapidly raised and the furnace restored to its normal 





late in a quiescent state away from the influence of 





directly tested the instrument by another in any 


the blast, This fore-hearth is about 3 ft. in dia- 


working condition. Although the trials were not 
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THE VACUUM AND WESTINGHOUSE CONTINUOUS RAILWAY BRAKES. 
TABLE No. I.—ExrerIMents WITH Vacuum BRAKE ON THE GREAT NORTHERN RAILWAY. APRIL 23, 1879. 
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TABLE No. II.—RzsvunitTs OBTAINED WITH A TRAIN FITTED WITH THE WESTINGHOUSE AUTOMATIC BRAKE 
ON THE Paris, Lyons, AND MEDITERRANEAN Ratuway. APRIL 9, 1879. 
































: | 
a | 8 A R= | A383 | 
3 = g 8 o Ss ye 2 & 
n| aA S44 =| £ Senn | 
. mae | B38 BS. IM@Sesq | 
S 8 = Bm | 2H neta 
3 .- 7 aan aQ|5 “5 loZes | REMARES. 
g| os 6 | ots | se) EE geece 
e|is| = |ddelaa| ce [e228 
wz|a™ S Aes | Ba) Qa [Reeser 
yards | sec. Ib. yards | : ’ : 
1 49% |1in250fall| 347 27 72 350 |Autoniatic valve in counting found open. 
2 504 | 1lin166fall} 251 20 85 265 |Contact went on after the brake was applied. 
3 41 1 in 200 rise 140 12 82} 201 11 carriages slipped, some skidded after a few seconds. 
4 37 1 in 200 fall 107 104 80 194 (One or two skidded at end of stop. 
5 82 vel 81 94 74 ie bees Do. ; do. , 
6 443 Level 134 162 72) 166 (Rails greasy. Distance recorded inexact. 
7 4634 | 1 in 166 rise 163 14 87 190 | 
8 38 1 in 166 fall 125 12 79 218 
9 31 1 in 1000 rise 86 10} 80 223 
10 42} |1in1000rise| 147 13 81 203 | 





carried to their proper conclusion, the want of 
success in this respect isin no way chargeable to 
Mr. Hollway’s process, as proved by the results of 
previous working. The main purpose for which 
fuel is required in this process is, of course, for 
maintaining the blast, but in situations where water 
power is available, steam would be unnecessary, and 
its expense would be avoided. 

The Hollway process was described by its in- 
ventor before the members of the Society of Arts 
a short time since, and its merits fully discussed. 
A further discussion took place on Wednesday 
evening upon the results of the experiments we have 
described, Professor Roscoe, F.R.S., being in the 
chair, There was a very full meeting, and the sub- 
ject was discussed largely from a chemical point of 
view, and mainly by those chemists and metallurgists 
who had witnessed the experiments. The various 
speakers bore conclusive testimony as to the success 
of Mr, Hollway’s experiments and the value of the 
invention. Although operations were carried out 
with very inadequate appliances there was a unani- 
mous expression of opinion that the.success of the 
process was assured. In closing the discussion Pro- 
fessor Roscoe added his testimony to that of others, 
and predicted a successful future for the invention, 
which had come out so well even when worked under 
difficulties, 








CONTINUOUS RAILWAY BRAKES. 

THE resnlts of the trials with the train fitted with 
the vacnnm brake, which took place on the Great 
Northern Railway the 23rd ofApril last, are now 
before us, and although theycan only be considered as 
approximate in consequence of there having been no 
means of obtaining precise records, they are interest- 
ing, as affording a knowledge of what this system 
can do in its most highly-developed form and under 
the most favourable conditions. The experimental 
train was made as follows: One engine (six-wheeled, 
with four wheels coupled), tender, and twelve car- 
riages, the total weight being 170 tons. ‘The brakes 
applied to all the wheels of the train. The results 
ollicially recorded are given above in Table No. I. 

It is interesting to. compare these results with 
those made on the 9th of April last on the Paris, 
Lyons, and Mediterranean Railway with a train 
also of twelve carriages and fitted with the’ West- 
inghouse automatic brake. Table No, II. gives the 
results obtained on that occasion. 

In the paper on the effect of brakes upon railway 
trains read by Captain Galton before the Institution 
of Mechanical Engineers last week, and reprinted 
by us on another page of our present issue, the author 
commenting on these trials said: ‘‘The average of 





seven stops (throwing three of the series tabu- 
lated out of consideration in consequence of the 
second being doubtful) reduced to 50 miles per hour 
was 203 yards, with only 63 per cent. of the train 
braked. If brakes had been applied to all the wheels 
of the train, as was the case in the experiments with 
the single van, the result would have been 128 
yards at 50 miles an hour, or a very close approach 
to the best results obtainable with a single vehicle.” 
We have then in these two trials the means of 
deducing an interesting and valuable comparison 
of the relative efficiency of the Westinghouse and 
the vacuum brakes. 

The average stops effected by the latter on the 
Great Northern Railway trials with all wheels braked 
was 202 yards, while the average of the Westinghouse 
under similar conditions would have been 128 yards. 
That is to say, that under the most favourable condi- 
tions the efficiency of the vacuum brake would appear 
to be 37 per cent. less than that of the Westinghouse. 
lt is interesting to notice that the two systems have 
from the time they were first introduced upon 
English railways, and through the various stages of 
improvement they have passed, always stood to each 
other in about the same relations (100 to 63) as 
they do to-day, when both arrangements may be con- 
sidered to have reached a final stage of development. 








CarpirF WATER Suppiy.—The Cardiff Corporation 
are promoting a Bill in this session of Parliament called 
the Cardiff Corporation Bill, for the purpose, among other 
things, of vesting in them, the undertaking of the Cardiff 
Water Works Company. The price agreed on for the works 
is 300,0001. The company obtained powers by an Act last 
year to construct additional works, Lap A pumping and 
partly gravitation, at an estimated cost of 135,0001., to meet 
the future requirements of the rapidly growing population 
of the town of Cardiff and the outside districts, within the 
area of the company’s supply. The Bill came before a 
Committee of the lean of Commons on Thursday and 
Friday the 24th and 25th inst, Sir Wilfred Lawson, Bart., 
chairman. The only petition remaining against the Bill 
was that of the Rural Sanitary Authority of Llandaff and 
Whitchurch, which are not now supplied with water by the 
company, but are within their area of supply. The Cor- 
poration offered to construct the works necessary to supply 
them in the usual way, or to deliver water in bulk to them 
at a certain point on liberal terms. After hearing the 
evidence of Mr. Alderman Jones, J.P., and Mr. John A. B. 


Williams, M.Inst.jC.E., the engineer to,the pe yee oe 
opinion 


the chairman stated that “‘the Committee are 

that the preamble of the Bill has been proved, and that 
they agree to clanse 7, and they consider that the sum of 
4001. a year, which is proposed to be charged to the Llan- 
daff Sanitary Authority, is a fair and equitable amount, and 
they will require a clause to be framed to that effect.’” The 
petition of the Penarth Local Board of Health, whose dis- 
trict is supplied by the water company, was withdrawn, a 
differential rate of 10 per cent having been agreed to in favour 
of the ratepayers of Cardiff, as also the petitions of Lord 
Windsor and the Marquis of Bute. 





FLOATING DOCKS. 


On the Double Power Floating Dock and the 
Hydraulic Grid.* 
By Latimer Cuarkx, C.E. 


In 1876 I had the honour of reading a paper before the 
Institution of Naval Architects on a new form of dock, 
called the depositing dock, the first of which was then 


about to be constructed for the Russian Government at 
Nicol: ; and last session Captain E. E, Gonlaeff, R.I.N., 

ave & — bpp tae A this dock after 4 bay om 

on, showing our most sanguine expectations ba 
been fully realised. This dock, from its requiring fixed © 
stages on which to deposit the vessels when raised, is more 
especially suited for quiet harbours or rivers in which there 
is no considerable current or rise and fall of tide, and 
where the commerce is so great as to require the docking 
of several vessels at the same time. 

The numerous inquiries we have received from other 
places where these conditions are not obtainable, her 
with our practical experience of the varying conditions 
under which vessels have to be docked, have led us to give 
the question prolonged study, and to design special forms 
of waged god meeting "sea cases. . 

Two of these new forms appear to us especially wo! 
of the attention of this Tnstitution. These are We 
double power oo | dock and the hydraulic grid ; the first 
being detached and requiring no foundations, and the 
second being a fixture adapted for use on the foreshores of 
tidal rivers. 

This dock has been so named in consequence of its 
utilising the buoyancy of its sides in combination with that 
of the body or pontoon part of the dock. ) woemene 
result of this arrangement is that the quantity of ironwor 
in a dock of any given power is very much less than that in 
any other form of floating dock at present known. 

all existing floating docks the sides, which are usually 
the heaviest portion of the structure, are out of use when 
the vessel has been raised, and not only are they useless 
but the dock has to be made by so much the r an 
more buoyant in order to support their unserviceable 
weight ; the sides are only required when the dock is bei 
subme , in order to receive or disch: a vessel, and it 
is obvious that if means can be devised for getting rid of 
their weight, the pontoon may be made by so much the 
smaller, and if in addition to this their enormous bu t 
wer can be brought into play, the size of the body of the 
ock can be still further reduced ; or if there be no reduc- 
tion made in the pontoon, and the sides be made to give 
buoyancy instead of adding weight, the lifti wer of 
dock will be by so much increased, in fact, it is in practice 
fully doubled. : 
Both these advantages are obtained by so constructi 
the sides of the dock that they can slide freely up an 
down in grooves, and ily secured in any i 
ition. The modus operands is as follows: Before 
owering the dock to receive a vessel, the sides are fixed in 
such a position that the dock is in the ordi form, and 
water being admitted in the usual manner it sinks to the 
uired level. ; 
he vessel having been admitted, and slightly lifted and 
shored in the ordinary manner, water is Seek out of the 
mtoon of the dock only, until the whole of its buoyancy 
— been brought into action. At this stage of the opera- 
tion, the vessel being half raised, the water in the two sides 
is so regulated that they are successively made just self- 
supporting, and neither add to nor detract from the power 
of the d There are ready means for ascertaining this 
point. In order to complete the operation and bring the 
whole power of the dock into action, one of the sides is then 
unpinned, and water admitted into it until it descends to its 
lowest level, the be being allowed a freeboard of about 
5 ft. ; it is then rigidly pinned and secured in its new posi- 
tion, and the other side is lowered and secured in a similar 
manner. It is now only necessary to pump water out of 
these sides to add their submerged buoyancy to that of the 
dock, and so complete the operation. 

Fig. 2 shows a plan of the dock with a vessel ontlined 
upon it, and Fig. 3 shows an end elevation. BBBB are 
four corner towers rigidly attached to the body of the dock, 
and of such a height that they have a freeboard of about 
5 ft. when the dock is at its lowest level; they are con- 
structed with air-tight compartments, and their object is 
to add to the stability while the dock is being raised and 
lowered, and to make the dock unsinkable even if all the 
valves were purposely left open. AA and AA are the 
sliding parts of the sides; they extend along the greater 
portion of the length of the dock, and contain the engines 
and pumps. C is the pontoon or body of the dock, which, 
it will be observed, is provided with pointed ends, i 
that the buoyancy may be princi given under the 
heaviest part of the vessel and to enable the dock to be 
towed easily. 

Fig. 1 shows a side elevation with the vessel raised, and 
with the sliding sides AA lowered so as to utilise their 
buoyancy. 

At first sight the arrangement of the sliding sides and 
the means of securing them in any “4 ~¥ position might 
appear to present some difically, t a reference to 
the figures will show that no difficulty has to be en- 


un! . 

The sides are guided in their movement by a great 
number of steel slides attached to strong vertical side 
shoring frames, which are built on the body of the dock as 
indicated po di “ 8; po frames serve the P magy 
purpose of shoring the vesse! acting as guides for: the 
movable sides : the form of these slides is also shown in 
greater detail and full size; the di 
elevation and a section. There are " 
resembling railway bars, one of which is rivetted to the 
shoring frames of the dock, and the other to the sliding 








* Read before the Institution of Naval Architects. 
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side. These vertical slides are connected by two box slides 
of steel ; they are joined by a connecting rod, so that both 
move together. .The w one is pierced with holes 
for receiving steel pins, by which they can be secured at 
an sat level. ’ 
a box slide is first secured by two pins to the 
shoring frame slide, which is on the right-hand side of the 
3 the side of the dock is now free to rise and fall, 
h the box slides. As soon as the side rises 
to the desired level, pins aré inserted through the slotted 
holes in the box slide and as soon as these pins take their 
ing, the holes will also be fair to receive other pins, 
which will keep the side rigidly in position. The dock and 
sliding sides are now securely attached. 
These slides occur every 6 ft. on each side of the dock. 











quired to support their weight, and utilise both as effective 


buo A 

We have not hitherto mentioned one of the most in- 
valuable features of this form of dock, viz., that it is per- 
fectly and readily self-docking, without requiring to be 
taken — or removed from its moorings, and every part 
of the dock, both inside and out, is easily accessible for 
cleaning and painting ; even the underside of the body of 
the dock can in less than two hours be raised on an even 


keel several feet clear of the water, and examined with tne 
greatest facility. This is done by lowering the two sides 
until their decks are level with the deck of the pontoon : 
after being secured in this position they are pumped out, 
and raise the body of the dock several feet clear of the 
water, as shown in the diagram. 


Frg ‘7. 


The under portions 





As in the hydraulic docks of Mr. Edwin Clark, the 
vessel is raised by hydraulic presses and rams, but hero 
the resemblance ceases. The presses are placed directly 
beneath the vessel to be raised, and this circumstance 
enables us to dispense with the lofty double row of guiding 
columns, the numerous cross girders, which have to be of 
great strength and weight, and the yokes and chains by 
which they depend from the — of the rams. The 
pontoon is also dispensed with, and its place is supplied by 
a simple d of wrought iron, upon which the vessel is 
shored and raised. By thus dispensing with so many parts 
which are necessary in ordinary cases, but are not required 
in this form of dock, the weight of the apparatus to be 
lifted is reduced 75 per cent., and consequently the hy- 
draulic presses are proportionally reduced in number or 































































































The engines are two in number, fixed in engine-rooms in 
the sliding sides. Each engine drives two centrifugal 
ps, one pump controlling each side, and one — each 
Tatenal half of the body of the dock—that is to say, one 
pump in each side and two in the body of the dock. The 
wer is communicated from the sides to the pumps in the 
body of the dock by means of bevelled wheels, One of which 
is fixed, and the other slides up and down on a‘ grooved 
vertical shaft fixed on the pontoon ‘and connected with 
the pumps below. In be ¢ docks there might be 
an advan in placing the engines in the four corner 


towers. 

It might ap at first sight that in unfastening one of 
the sides of the dock in order to raise or lower it, the 
dock would be deprived of much of its stability, and this 
is undoubtedly the fact. A little consideration will, how- 
ever, show that there is, nevertheless, at all times more 
than abundant stability. 

As regards the vessel itself, it must be remembered that 
being only half out of water it retains nearly as much 
stabllity as when afloat, and any movement towards either 
side causes néarly the same ‘displacement, and brings into 

ion aaaehy the dame righting power, asif she were at her 
ordinary light load line. 

The stability of the vessel taken per se is, however, a 
matter of little importance. The real stability lies in the 
fact that the vessel and the remaining fixed side of the 
dock are practically in rigid connexion, and form one float- 
ing structure with a width of beam probably twice as great 
as that of the vessel itself, and any listing movement is 
immediately met and resisted either by the subme 


where between the vessel and the fixed side of the dock. ~_— 
This is well illustrated in the case of the Nicolaieff Deposit- _—_ 
however, that there is a point — 


ing Dock. It is well known, 
whore the vessel adds no stability toa floating dock, that — 
is when her bilges and keel are just rising out of the water ; ~ 
but long before this position is approached both sides of the 
dock have been successively lowered and rigidly secured, 
and the stability is that due to the two sides in combina- 


It may be well to remark that in the majority of cases— 
that is to say, with moderate sized vessels—it would be un- 
necessary to use the sliding sides, but the dock would have 
sufficient power to be used as an ordinary floating dock. 

It will be seen that the longitudi strength of this 
dock is very great indeed; the sliding sides adding their 
strength to that of the bottom. 

We-have hitherto spoken of the dock as having four 
fixed corner towers, in order to give extra stability and 
secure a constant surplus floating power at all times ; but 
it may be of interest to those whe carefully study questions 
of this nature, to observe that thee is no real necessity for 
having any portion of the sides permanently fixed, and 
some economy and advantages may be obtained by dispens- 
ing with these fixed towers, and constructing the dock in 
the form shown,in the other diagram. - In this form of 
the dock, the sides car only be raised or lowered under two 
conditions ; first, when there is.a vessel on the dock giving 
stability in the manner already described, or secondly, 


when the pontoon or body of the dock is ‘raised ‘and the 
deck above water. In ei of these itions the sides 
vely, and fixed in 


may safely be  —haeaeeer su 
i 


gp the corner towers we not only save 
their cost, but save also the cost of the fioating power re- 





aes 
ing of = 2 / 
the whole area of the vessel, or the whole area of the side -=— 
of the dock, or by both, the centre of gravity lying some- ———+ 
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of the sides can be got at with equal ease. It will be 
seen that when the sides have m secu: in their 
highest position, and the dock is pumped out, they are 
raised entirely out of the water, and are everywhere 
accessible. 

We may be permitted to lay t stress on the im- 
portance of this feature, as it is well known that the neces- 
sity of ready accessibility for cleaning and maintenance is 
one of the greatest difficulties of all existing floating docks. 
With the exercise of proper care and the great facilities of 
access possessed by this dock, it is almost impossible to 
assign any limit to its durability. 

The second form of dock which we desire to describe is 
called the hydraulic id, and rs considerable re- 
semblance to the well-known hydraulic lift dock of Mr. 
Edwin Clark. 

That dock, as is well known, is constructed with two 
rows of Speen presses and rams, between which hang 
suspended a number of transverse girders forming a grid- 
iron, which supports a pontoon upon which the vessel when 
raised is ultimately floated. These docks perform their 
functions admirably, but they are chiefly adapted for com- 
paratively deep water, and for places where there is no 
“a large rise and fall of tide. 

he hydraulic grid is, on the contrary, only suited for 
pines where the rise and fall of tide are great, the vessel 
lifted only at high water, and consequently the 
greater part of the work being performed by the tide 
i ° 








Size; and lastly, since the lifting operation is com- 

menced only at high water, the length of the presses is 

diminished by about one- From all these causes 

pk economy in cost of construction is very great in- 
eed. 

In favourable positions, such for example as on the 
fore-shores of the Thames or the Mersey, hydraulic 
gs may be constructed at a cost of 51. per ton of 

ead weight to be docked, while as compared with 
patent slips they have the advantage of occupying 
very little , and of raising vessels on an even 
keel without the slightest strain. 

Engravings published on page 203 of the present 
volume of FNGINEERING illustrate the construction 
of this form of dock. Fig. 1 isan end elevation of the 
grid, from which it will at once be seen that the rams 
are more or less inclined, so as at to cause the grid, as 
it rises and falls, to bear steadily against the quay wall. 
Fig. 2 is a side elevation, and Fig. 3 represents it in 
plan. The large columns are fender columns carry- 
ing a gangway; they also serve as vertical; guides. 
The presses are shown, and they are arranged in 
the usual manner in three groups, supporting the 
vessel triangularly. The presses are ranged’ princi- 
pally under the keel of the vessel, a few. only being 
placed under the bilges, sufficient to give transverse 
stability. The grid itself is a rigid wrought-iron 
skeleton structure of plate and angle irons, carrying 
at the middle portion a number of side shoring frames 
for retaining the vessel in position. 

The grid, when raised, may be either supported on 
the rams, or in some cases on strong legs or supports, 
which are hinged at the top and are allowed to fall down 
into a vertical position when the grid is raised ; it is then 
allowed to rest upon them, and the rams may then de- 
scend into their presses until again required ; in this 
position they are not exposed to rust. In tidal rivers 
where the ground is uncovered at low tide the presses, 
can be sunk into the ground and concreted with great facility 
and the leathers are readily accessible; in cases where 
the presses cannot be driven or screwed in a true 
— an outside cylinder is sunk and the press dropped 
into 16. 

The grid is furnished with automatic safety valves, so 
arranged that if a leather should burst in one group, an 
the grid sane to get out of level, the other groups would 
automatically lower themselves by the slight tipping move- 
ment of the grid itself. Very small engine power is re- 
quired, as itis only necessary to raise the vessel while the 
water is falling, and before the next tide, and as the lifting 
operation commences at high water the distance it has to be 
raised is a minimum. 

Having thus described these two forms of dock we would 
remark that while the double power dock is suited for 
deep water, rapid rivers, and exposed positions, and re- 

uires no foundations, the hydraulic grid is adapted for the 

oreshores of rivers and harbours, when there is a. great 
rise and fall of tide, so that every possible set of con- 
ditions is met either by one of these two docks or by the 
depositing dock first alluded to. One of the principal merits 
of these Sache arises from the fact that great atten- 
tion to detail they have been so designed that their cost in 
all cases is reduced greatly below that of docks as hitherto 
constructed. 

There are numberless oO Wham docks bine long a 
urgent! mired, but where their great expense 
been = hawks to their introduction. ‘That obstacle can 
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now be said to exist, and from the small cost at 
which these two forms of dock can be constructed and 
worked, there can be no doubt that they will, when known, 
come into extensive use, and prove a real boon to commerce. 





CONTINUOUS BRAKES. 
On Recent Brake Experiments upon the Lyons Railway.* 
By M. Groner Manz, of Paris. ? 
I. Particulars of Apparatus.—The Paris and Lyons 
Railway has lately experimented on two trains, one fitted 
with the Westinghouse brake, and one with the Smith 








Miles por hour 


Sitti F) &) Fy FP 





vacuum brake. Both trains were alike, and were composed | blocks, which arrangement has the disadvan 


as follows : 


; Diagram .L 


ard 


an average of the ordinary 


i oe were not 
expecal with empty carriages 
reulege, becneat Be ordinary stops 
rate the brake power. 
order to avoid skidding under 
a trial, twelve carriages with 


the friction of the brake- blocks. 
It will 


pressures in ice. These 
weet ae te chee of 


but at low speeds the wheels were skidded, 


the 


. This, however, is no dis- 
driver can mode- 
Mr. Westinghouse, however, in 
circumstances, fitted 


ucing valves, operated by 
be seen that, in the case of the Westinghouse 


brake, the pressure on the outside blocks (or those furthest 
from the centre of the vehicle) is less than on the inside 


ae. 


ae 






of creat- 


ing a strain on the horn plates, equal to the difference of 
TasBizE No. I.—Particulars of Experimental Trains. 




















VEHICLE. AXLEs. Load per Axle.| Total Load. 
rd Ib. Ib. 

One engine, four axles (in working order) ... { ~— fering 20m toge — 7 a os } 99,225 
First axle, with brake as “- pm 25,357 

One tender, three axles (in working order) Second axle, without brake oe pe 17,640 68,354 
Third axle with brake - = o 25,357 
First axle, with brake = 7,276 

Twenty-five carriages (empty) three axles... {seoond axle, without brake 6,394 20,946 
Third axle, with brake... 7,276 
First axle, with brake... ial 8,676 

Same carriages (loaded) three axles... Second axle, without brake eco 7,594 } 24,946 
Third axle, with brake... ach 8, 














The engine is not fitted with any brake, except the ‘‘ Le 
Chatelier’”’ counterpressure proeonn bmg This apparatus, as 
——_ by the chief engineer, M. Marié, has worked ex- 
cellently for fifteen years, in daily use, both in all stops 
at stations, and also on long inclines. Some remarks will 
be made hereafter on the power of the rane eg 
apparatus compared with a brake on the driving wheels. 

Each carriage had only two axles fitted with brakes, the 
middle axle being left ; the fear of the complication 
— from a six-wheel brake was the reason of this: but, 
in order to have power enough, a great brake-block pressure 
was provided. The following Table No. II. shows the brake- 
block pressure on every axle of the train. The pressure 





these 


following 
whole train each 


rate of retardation of the train. 
average, about one-tenth of the 
acts as a forward push applied to t ns eer 
the carriage, and changes the distribution of the ret 
becoming more | 


~ pa 
vi 


antage. When the 


but has 


on the other hand, the 
brake is applied to the 


carriage is subject to a strain, created by 
inertia, equal to the mass of the carriage, multiplied by the 


on the three axles, the front axle 


than 


matter, because the springs of the 
by the action of. thi 
estinghouse has, therefore, arranged his brak 


Mr. 


this extra 


This strain equals, on an 
ht of the i 


it 
of 
ht 


usual, and the rear axle less. This is an important 
are sometimes 
* load on the front axle. 


e gear 
































TasBLeE No. Il.—Brake Block Presswres on Aales of Experimental Trains. 
Total Brake- -,| Brake-Block 
Air Pressure} gored he i ‘de. Block Pres- a Pressure in 
comin » Vesnen. e outside | the inside sure per ‘or eac Percentage 
- Blocks. Blocks. ‘Axle |Braked of Tooke 
WESTINGHOUSE. Ib. . in. Ib. Ib. Ib. Ib. per cent. 
— (1st and oye ar 8 ae 6,666 _ae a -_ ant 
mpty carriage (1s 3rd axle 37 4,191 y y ’ 
braked) .. ote on Be } { 37 4,191 6,303 10,494 8,676 121 
Inches 
Vacuum. vacuum. 
Se (1st and pod asks) siete, fothie 16 15,020 om pg Sar in 
mpty carriage (1s axle 16 8,342 ’ , , 
braked)... wae is és } { 16 8,342 5,045 13,387 8,676 154 
in the brake cylinder is here su to be 37 lb. per | in such a way as to create a vertical force, 
are inch ; and the vacuum in the “‘ Hardy’”’ sack to be ially this extra load, by giving more on the 
16 in. of mercury. These pressures must be considered as han on the outside ones. 





* Paper read before the Institution of Mechanical Engi- 





on those of the hind axle, and thereby balancing the action 


In the case of the vacuum brake gear the on the 
outside blocks is greater than on the inside ones, which 
causes a reverse action, so as to add to the extra load 


created by inertia upon the front axle. From this it 
follows that the com: ion of the front springs is much 
pee % Vip ease the vacuum than of the Westinghouse 
. Inthe Westinghouse brake gear the difference of 
pressures per axle is equal to 6303—4191=—2112 1b. ; and 


the difference of resistances is equal to "17-422 1b. (with 


a coefficient of friction of x }). In the vacuum brake 
the difference of pressures is ‘equal to 8342 —5045=8297 Ib. , 


> 


the difference of resistance is, therefore, equal to S27 


659 lb. Thus, with the Westinghouse brake there is @ 
counteracting force, as described, of 4201b. ; whilst with the 
vacuum b there is an augmenting force of 660 lb. 
From this cause the front springs are loaded by 
about 10001b. more with the vacuum b: 
Westinghouse ; and this strain is still 
end of the stop. the friction increases considerably 
at that moment, as may be seen in the 


latter of brake gear, which is 
with the Smith brake, and is also 
Great Northern Railway in » 

It is impossible to avoid enti the above-mentioned 
strain on the horn plates ; and, in addition, the horizontal 
force ing the train must produce another strain on. 
the horn plates, which is equal to 10,404 _ 2099 Ib. per 
house brake. 


axle for the Westing Thus with this brake 
the horn plete of the front axle have to su two strains 
in opposite directions, one to the 

brake-block pressures, or 21 


the couplings on son Sea eee of patting 
the couplings together is much more difficult than with the 
Westinghouse brake. Wi 
fe aoe, vided the driver releases 
‘ore : 
h these trains has as yet been too short for giving any 
definite conclusion. 
III. Eaperiments of the 1st and 2nd i? April.—The 
London, Brighton, and South Coast , a8 re- 
nted by their 
motive superin t, Mr 
Cole eg peg 
ug s a 
York. The author takes this o i 
these gentlemen, and Ca 
house, and Mr, Kapteyn for thei 
aang eo Ad of the apparatus has alread: 
given in Captain Galton’s papers on the su > 
the present i two only were taken for 
each stop; first, the diagram the speed indicator, 
gi iv aqnane of the on each point of tye 
e 3 r) diagram brake- 
. ; on the tysnh ante of the.cun. 


run 
bloc 
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is, A eegvensnt sme, ctepe.lth tenent, foes consinges gonsl af, the-anesrimentel van and six carriages. The | point. We now can vompare stops made at different speeds. 
GaniSiing e two vans), one with the Weroaneuss, weights were as follows : compare stops made on different gradients, we must 
panacea manag The weights of the) ‘Tantx No. VIL.—Weight of Train (see Diagram 3.) | add the gradient to Z , with the sign + if itis falling, and 
TaB_E No. IIl.— Weights of Train (see Diagram 1.) Weight on Un- | Weight on with the sign —if it is rising. We will call £ this corrected 
ar braked Wheels. } Braked Wheels. tae Seree. 
~—S Weight on Weight on To compare stops in which the percentage of weight on 
Unbraked Wheels. | Braked Wheels, | acd aan pS beaked wheols is different, lot A be that pereentage.” If we 
— Ib. Six carriages empty ... 38,364 87,312 multiply x by *. we have number a which would 
Engine wi 225 
Tender ...  «. 17,640 50,714 Total 48,364 97,712 be the retarding force of a train stopped on a level line 
ay den “—— — with the total weight of the train fitted with brakes. 
an ae x , | — weight, 146,076 Ib. ; proportion on braked wheels, If we calculate the values of ¥- for all the stops, the 
Total... 278,927 395,810 | f nob x ‘ P > 
hi wing particulars of the stop, which was | numbers obtained compare exactly the powers of the brakes, 
: . la veuy a one 8 7” lina whatever may be the circumstances of the stop. Table 
‘ Total ht RY the ta 669,737 Ib. ; proportion on | Sneed, 41 miles per hour. No. VIIL gives this comparison for the present dia- 
raked w 5 cent. . 
Tn order to be exact there ought to be added to the total| 78th of stop, $50 ft weer 
oes hen ———- pats ie 4 ped Sew preperor Ray _ Tas No. VIII.—Comparison of Performances of Westinghouse and Vacuum Brakes. 
mentum of those wheels. But as this error is very small, | 
and the same = ay (recmers it a bo ye 5 me . Per. Fu 
consideration in the calculations. e res of Fig. F ! centage > 
are therefore as follows : sil al es ange “7 Gradient. > of Weigh p = i 
TaBiE No. IV.—Results of Trials (see Diagram 1.) Wheels, |'2? Brake. 
Mo food Be een tecaeage cl. 650 | 0.075 | Risinglin | 0.070 59 0.119 
Brake. ii § 32 | Gradient, {State of Bail. | Fig. 14 Vion ee cate ' —" - . 
ee a Bs pressure, 24 carriag' . ie 35 840 0.057 Level 0.057 59 0.096 
pO 8 Fig.3. Sli riment ; esting- 
Miles bs on. ose ees ooo 41 450 0.130 Level 0.130 67 0.200 
ws ft. |Second Fig.4. Brake from the rear van; 
OnE. Rist Westinghouse... oe “a | 745 0.080 Level 0.080 49 0.160 
Westinghouse} 37 | 650| 209 | f MOS, } | Dry. ( Westinghouse, without coun- NES 
Vacuum 35 840] 24h | Level ” | Rather wet. ter pressure, Scarriages ...| 37 610 0.085 | Fallinglin| 0.086 49 0.170 
Fig. 5.4 Vacuum, without counter- 1000 — 
Ee : 8°) pressure, 8 we 640 0.080 |Fallinglin| 0.081 49 0.160 
The diagram shows the variation of the air are im » Counterpressure alone 8 car- 1000 
the brake cylinder, and of the vacuum in the Hardy sack. riages ... ee ee 1750 0.024 Level 0.024 16 0.150 
The full pressure was almost instantaneously applied with 


the Westinghouse brake ; its variation shows the action of 
the regulating valve in the van. The vacuum increases 
slowly, and reaches 12} in. at the end of the stop; in the 
— ae —_ the vacuum age 9 doubt created mane 
slowly still, but no experiments with recording apparatus 
were made to ascertain this point. 

This trial was the most unfavourable for the vacuum 
nen the number of carriages being large and the speed 
8 ‘ 

Figs. 2 and 5 show a few stops with the return train of 
eight carriages (including the two vans). 

The weights of the train were as follows : 


TasueE No. V.— Weights of Train (see Diagrams 2 and 5.) 











Weight on | Weight on 
~~ Unbraked Braked 
Wheels. Wheels. 
ol. Ib. 
Engine eee eee eee 
Tender... ... ats 17,640 oT 
Seven i empty... 01, 
Sapatintatal com loaded 10,000 10,400 
171,623 162,978 








Total weight of the train, 334,6011b.; proportion on 























Duration of stop, 12} seconds. 

Gradient, level. 

Rail, dry. 

In this stop, as in the last, the recording instruments 
were started by the air pressure in the brake cylinder of the 
van, instead of being started by electricity as before. There 
was in consequence a slight loss of time, especially in the 
stop from the rear van. 

IV. Comparison between the Retarding Forces in Diffe- 
rent Stops.—It is easy to com stops with each other, 
although the speed, the qalied, and the proportion of 
weight on braked wheels be different in each. is can be 
mlating the retarding forces of the brake for 


done Le 
each stop. ; 

If we call s the in miles per hour, J the | of 
the stop in feet, and P the weight of the train, then re- 


tarding force F'is given by the formula : 
F = 0.084 o. 


The diagrams give with precision the values of s and J 
in each stop; hence it is easy to calculate th i 
force in each case. On the di , the ordinates are pro- 
— ~» ee cose “] = a. \ oy the a ro- 

io ¢ length of stop ; thus the average retarding 
orce is wind Ae pb inclination of the straight line 





braked w 49 per cent, 
The particulars of the stops were as follows : 


drawn between the extremities of the speed curve, while 
the exact ing foree at each point of the diagram is 
given by the inclination of the tangent to the curve at that 


Tasuz No. VI.—Resulis of Trials (see Diagrams 2 and 5.) 





Speed. 


Length of 
Stop. 


State of 


Duration “ 
: Gradient. of Rail. 


of Stop. 





Miles per Hour. 
t 


$3 


1650 
1710 





ft. Seconds. 
4 Falling 1 in. 200 


” 2” 


Dry. 
Quite wet. 





$3 








610 
640 


164 


Falling 1 in 1000 
19% 


” 





Quite wet. 


” 











2, were made with the aid of 
the two. last, Fig. 5, 
ressure 


very different, the 


obtained with the Westingh 
from the rear van of the train. The iow 


| * Lets bethe speed of tho train in feet per second, 
| and ¢ the number of seconds of the stop. hen, if we 
suppose the retarding farce to be constant during the 
stop, the speed s=k ¢ ( k being the ratio of retarda- 


tion of the! train), Also =_+ bi"; hence, I= Li S*= 
2 Pe 
1 gs? 


a 
we have bet 

Now let g be the ratio of acceleration of gravit 
per. second ; lot F be the retarding force of the 1 in the 
whole train, and let. P. be..the total weight of the train. 
Then, because forces are proportional to their accelerations 


? 


thus, if we take the value of k from this formula, 


in feet 


we have : 
Poy 2t9 





0.034 


Fig. 2 has not been worked out because the stop was 
made with the brake and with the counterpressure together. 


The retarding foree © ought to be diminished by the 


ordinary resistances of the train, that is to say, by 0.003 
to 0.008. This makes but a small difference when the pro- 
portion of braked weight is large; but in the last stop, 


with counterpressure alone, this correction gives to + a 


value of 0.125 instead of 0.150. 
V. General Conclusions.—We have seen that the value 


of = is the best comparison for the strength of the brakes 


in all cases. Now, with the Westinghouse brake Pris 
generally between 0.120 and 0.200, while with the vacuum 
brake * is generally between 0.100 and 0.160. This shows 


a slight advantage forthe Westinghouse brake, but it must 
be remarked that the rail was better during the trial of the 
Westinghouse than of the vacuum brake. We have also 


seen that the value of a for the counterpressure is 0.125, 


while the aver: of the Westinghouse trials gives 0.160, 
with a brake-block pressure of about 140 per cent. Thus 
the counterpressure on the driving wheels is as powerful as 
a Westinghouse brake naving a pressure of 140 x }4=105 
per cent. of the weight on those wheels. It may be sug- 
gested that in a quick stop the time occupied m reversing 
tically diminish its power ; 

the brake-block pressure 
less than 105 per cent., 


the steam on the engine must 
this is trae, but on the other 
on the driving wheels is peeely, 


and often less than 80 cent. ‘Thus the counterpressure 
is as powerful as the Westinghouse brakes in use 
on the driving wheels. Lyons Railway the drivers 


have been accustomed to the counterpressure for fifteen 
ies thus, whatever may be the final choice of brake, 
he company will = no brake on the driving wheels. 

The show that the Westinghouse brake comes 
on almost instantly over the whole train ; it is not the same 
with the vacuum brake. There the brake goes on first 
upon the front carriages, and the buffers are consequen 
compressed ; afterwards the carri all become braked, 
and the buffers return to their first position, but not with- 
out oscillations which are serious, both for the passengers 
and for the couplings themselves. In the Westinghouse 
brake this action is much slighter. 

In all the trials the wheels only skidded at a very low 
speed ; hence the regulating valves did not show any great 
advantage in the length of the stop. They save the tyres 
in preventing the wheels from skidding, and they save also 
the springs of the carriages by diminishing the shock felt 
at the last moment of a stop. Though a very ingenious im- 
provement, yet as the driver can always uate the 
strength of the brake, it may be doubtful whether they are 
necessary in continuous brakes ; thus one more complication 
may be saved. . 

ere ane  er corieh e 
cal i W- in @ passenger n, 
but in the trains fitted with the 
' Westinghouse and vacuum brakes. Thus, if there has 
been no such breaking of draw-bars.in past times, 





are almost sure to occur frequently with the use of con- 
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same manner, and to the same d 
in the plane motion deviate from s 
uantity of water 

+ water, and consequently the 
must be nearly the same in the 
acrew blade can now be built up from the spiral elements, 


quantity of water acted on 
the plane motion, but 
ses through the screw disc, is 
other two, and compels us to 


tinuous brakes; and as there are on the railway several 
ents, it would seem that a non-automatic 
this line at least be dangerous. 

The arrangements of the Westinghouse brake are 
certainly rather complicated, especially the pump and the 
triple valves. As regards the pump the author thinks that 
it would be difficult to make an air 
os ards the triple valve, he thinks} fe to simpli 

the triple valve, he thinks it is impossible to simplify 

it without losing one of the two following advantages—the 
mickness of application of the brake, or its graduation in 
the stops. It might, however, be rendered less delicate by 
i All the other parts of the 


acted on, the change of momentum of | f 
ressure On the element, 
wo cases. A complete 


and the thrust determined 
The third difficulty, 
by the screw is not unlimited as in 


Pp more simple and 
conditions. And as 


much more serious than 
restrict the theory to screw blades of small dim 
with the diameter. For in order that the plane 
motion may exactly correspond to the spiral motio 
sidered above, we must consider, not a single plate, 
infinite number of plates, ranged al i 
the plate at an angle (4 
spiral motion, and placed at a distance’ apart equal.to the 
circumference of the cylinder, if the screw have but one 
blade, or at the distance of consecutive blades when there 
pressure on each plate will now 
be less than. that on the single plate, because part 
plate is disturbed by its action is 
now intercepted by the plates which lie in front of it; | of 
and thus it appears to me that the pressure on a screw 
blade must be less than’that given by 
because part of the water which would otherwise strike 
the blade, and which is necessary to develop its fall thrust 
considered as a revolving i 


asap blade itself in the 
greater ire larger t 


brake are quite satisfactory. 

All the parts of the vacuum brake are very simple and 
strong, but the leather of the Hardy sack seems to be a 
bad material for practical work. Some arrangement of 
metallic pistons and cylinders would seem preferable, but 
practice alone can decide this question. The arrangement 
of the brake gear is not quite satisfactory, but it would be 


itch angle of the 


e above opinions must be taken as those of the author 
alone, and as requiring to be checked by longer experience. 
Both brakes will be tried on long inclines, and a uniform 
speed maintained with them if possible. Until these trials 
have taken place no decisive opinion can be given by the 


water which in the sin: 


r. Froude’s method, 








THE SCREW PROPELLER.* 
On the Minimum Area of Blade in a Screw Propeller 
necessary to form a complete Colwmn.+ 
By James H. Corrermu, M.A., F.BR.S 

In a paper read before this Institution in 1865, 
Professor Rankine gave a complete theory of the screw 
position that the form and 
screw were such as to throw 
back a complete column of water. The distinguished 
author believed that such was actually 
proportioned screws, and, no doubt, the fact that, in many 
the thrust depends not to an 
area and form of the blades, but mainly on the disc 
area, lends strong support to the s' 

The verification, however, of the in the case of 
i in the paper in question can hardl 
be considered satisfactory, since it involves the diffi 
uestion of the augmentation of the resistance of the ship 
ue to the action of the screw, and besides 
tions as to the motion of th 
which subsequent investigation has . 

iments made since 1865-——I refer‘especially to those of Mr. 

erwood—had, moreever,-led'-me to believe that the 
column of water thrown back by a screw is 
and it was, therefore, with great pleasure that I 
in a paper read last year; Mr. Froude had 
leparture in the subject by com: 
to that of a plate advancing ob! 
The theory of Rankine also compares the screw to an 
oblique acting paddle, but instead of making use of our in- 
dependent knowledge of the pressure on the blade, it pro- 
by considering a priori what the change of momentum 
and quantity of water acted on must be, and fails if that 
water does not occupy the whole disc area. 

Mr. Froude’s theory of a revolving plate, if aj 
actual screws without any qualification, would | 
conclusion that the thrust of a screw of given speed and 
slip might be increased indefinitely either by diminishin 
lade area, results whic 
, therefore, an important 
limits within which either 


be but one blade, 
course of the revolution imme- 
The magnitude of the deduction will be 
he blades, and some idea of the size at 
which the deduction becomes sensible may be gained by 


of the plate, V its velocity in feet per 
ressure on it per foot depth is 

P=1.7 I sin. 2 V?. ses 
ine each particle of water to receive the same 
rpendicular to the plate which 
the plate actually do receive, 
and let b, be the breadth perpendicular to the plate which 
icles would then occupy, or, as we may con- 
veniently call it, the “breadth of uniform disturbance;”’ 
disregarding the angle @ as always small compared 


the following rough 
Let.l be the length 
second, then the p: 


based on the sy 
imensions of the blades of 


the case in well- 


hange of motion V sin. 
great extent on the t i % f 


the Warrior contained in 


r second, while.the 


Q 
is the quantity of water acted on 
feet and seconds as 


pressure on the plate becomes, wi 


P=2b. Vq. sin. 9, nearly ; 
comparing which with = oor value of P, 
showing that the breadth of uniform disturbance is . 85-the 
length of the plate. The actual i 


he stern of the ship, 
ed 


breadth of disturbance is 
, and hence it follows at once 

distance of two plates be equal to . 85 

would otherwise stri 

the front one, and the pres- 

plates will be sensibly less 


To transfer this to the case of a screw, let b be the aggre- 
gate length of the circular arcs formed b 
the elements of given radius of: all the b 
ship plane, and let C be the whole 
ds to the distance between 
conn line on which 


siderably interfere with each other if 
C sin. f= . 856. sec. 6; 


b=1.18 C sin. 9 cos. 6 
In order, therefore, that the theo 
cable without sensible 
circumference occupied by the blades must not be 
than 1.18 sin. 6 cos. 6, or 
This explains wh 
thrust of a revolving 
pitch, and therefore the 
And if we increase s 


ring the action of a screw 
through ‘the water. 
a deal of ‘the water which 
rear plate will be intercepted 
sure on each one of the row 
than is given by the formula. 


Tenet wife ios mat 
Ww. ‘or | we mus 
the blades will con- 





mestion to know what are the 
theory is applicable, and to which theory the action of an 
ordinary screw propeller most closely approaches. With- 
out attempting a complete investigation, it is in the hope 


of throwing some light on this question that the present of » revolving plate 


eduction, the fraction 


ing from the simple plate to the screw blade, we 
> distinct difficulties: 1. The change from 
motion in a straight line to motion in a curve. 
change from a flat surface to a curved surface. 3. The 
limitation of the quantity of water acted on. 
In the straight line motion, the water is disturbed at 
i plate, whereas when the direc- 
ing this can hardly be 
ence the disturbance produced 
late which moves in a curve resembles that caused 
y when first set in motion through water, and the 
ressure on the plate must be altered (possibly in 
the curvature of the path. It is probable, however, 
the difference is not important, at any rate for small 
values, of the angle (?) between the plate and the direction 
of motion, since otherwise the thrust of a screw of 
total blade area would depend on the number of b 
® much greater extent than ap 
when all other things are eq’ 
Under the same circumstances the curvature of the plate 
cannot much affect the pressure. For let us suppose 
the plate of very small depth perpendicular to the plane in 
which the centre moves, and let us imagine that plane 
ed round in a cylinder of given radius, so that the 
centre line of the 
cylinder, while the plate itself becomes an element of a 
lade of given pitch, The centre of the plate then 
ath on the cylinder, which will be in- 
angle 2 to the element of the blade. 
The paths of the particles of water relatively to the element 
will be similar spirals when undisturbed, while near the 
element they will deviate from such 


* Paper read before the Institute of Naval Architects. 
throughout this paper said 


through the 
tinds is thrown heck 


bably considerably 
ives an infinite result when the 


fraction of the circum- 
ference occupied by the elements, I think it is clear that the 
motion of the water must be nearly such as is 
in the earlier theory of Rankine. For if the row 

near enough together, 
same velocity after passing 


some distance ahead of the 
tion of motion is constant] 


conceived to be the case. tes supposed above are 


all the water will move with 
through ; that is to say, in the case of the screw elemen 
will be generated, the velocity o' 
which will be found, as Rankine finds it, by supposing the 
velocity parallel to the element unaltered and 
perpendicular toit destroyed. It is true that if we follow 
the water which strikes any element, we should find that 
ide, and some on the 
following side of the element, and that therefore the velocity 
of some particles of water 
reversed while that of others is increased. 
Tandii), es tipsy toa toteshoens 
A ix), since the momen 
: , tered the change of momentum must be the 
poses, and hence the thrust must be 
herefore, no reason to alter the 
ressed, that this theory, 


a hollow cylindrical race 


to be actually the case 
parallel to the element is nearly 
This has 


i resistance (see 
parallel to the element 
same as Rankine s 


ion I have elsewhere* expret 
gh not mathematically exact, is 
a complete column is formed, 
to this -extréme case with about the same accuracy 
revolving plate applies to 
extreme case where the screw blades are supposed very 


all. 
Fae whet has been said it appears that the thrust of a 
iven by Mr. Froude’s method, 
Be greater and greater as the 


clined at the sm 
the theory of a 





screw will be less than that 
by an amount which will 


5 a eee 


h column is, for brevi 





swept out by any element of the 
the same vee, 











column approaches completeness, and at length, when the 
column is completely formed, becomes that given by Pro- 
essor Rankine’s method, after which it can increase no 
further. ~ If; then, we equate the values of the thrust of a 
spiral element furnished by the two theories, we shall find 
— e en length AR * ge bie lenge be — 
generating a complete column. is e 
by a fraction which gives either ‘the fraction of the pitch 
occupied by a projection of the element on « longitudi 
rues or the cae of the sleeeuaterenoe wwnnee by a 
projection on a thwartship plane. e Appendix it is 
shown that this fraction is given by the lermalee 
Fraction of pitch or circumference 
=1.18 @X1-s)* | 
grr dae + a8" 
where q is the ratio of the circumference to the pitch, and 
8 is the slip expressed as a fraction of the speed of the screw. 
For reasons which I need not stop to point out, when 
s=0 we get the formula given above for the value of the 
fraction at which the blades interfere with each other con- 


siderably. 

Numerical calculation from ‘this formula for various values 
of q gives the value of the fraction foreach element 
the blade, and the results may conveniently be 
exhibited Lgrapifoally, the several lengths and -_ one 
set. ou e@ corresponding radii, forming the longi- 
tadivel ond therurtbisy projections ofa scree blade wehbh 
everywhere satisfies the condition in question. The diagram 
shown is adapted to the case where the slip is 25 cent. 
and the pitch uniform, but the results are nearly the same 

all ali between The numbers 





for zero and 50'per cent. 

iven on the diagram are the values of the fraction found 
Foun the formula, and refer to the length of the 
blades, which theoretically may be divided between any 
number of blades arr: in any manner: in the diagram 
the screw is two-bladed, and the values eae ee 
40 to 4 ey ped tee be peay ter than 3 or 

less.than..75, limits which are marked on the di » and 
which show the part of the ideal surface ich corre- 
yaoresy an actual screw blade of pitch about equal to 


We have thus determined the form and dimensions of the 
smallest screw blade which could under..any.circumstances 
form a complete column, but it does not follow that such a 
blade aetually would doo : it is more Bepbabic trem vik 
has been said, that the completeness of the column increases 
but slowly with the size of the blade as it approaches the 
limit. It appears to me, , that the diagram 

somes vena tadiention of Se Gave <a es 
which: the column will be fo by each portion of an 
actual screw blade, and hence of the degree the action of 
the actual screw approaches either of the two extreme cases 
considered above 


On examination of the diagram it will be seen that the 
form. is, intermediate between the common and the Griffith 
| screw, but that the dimensions are much greater. Like the 
Griffith, the length of blade is a maximum fora pitch angle 


“of about 45 deg., but the length is then néarly 
.6 of ‘the pitch, or fully 50 cent. greater than that of 
the ‘astesl corde On the other hand, the te 


length at the tips of a screw the pitch of which is equal to 
the diameter is shown on the diagram to be .35, which 
ert little from bros of a common pale pre 

us appears prcinasy secaw BG ers do not form 
a complete column, and that the only case in which they ap- 

doing so is in the outer part of a common screw ; and 
as there is reason to believe that the efficiency of a screw is 
in diminishing its length at the tips, it is pro- 
bable that an approach to co teness 1s not 
favourable to effici : the reason of which may be con- 
jectured to be that in that case increase of the blade area 
increases the thrust much less than it increases the 
frictional resistances. Another cause however may, and I 
Sopeonshen eiaipbshoneen oat teakbo tan’ aguteatoseen ot 
ap comple " @ augmentation o! 
resistance of the ship due to the action of the screw, which 
may easily be i ed to increase as fast as the thrust 
when too much is eet to’supply the screw. 

It will now be seen that in actual screws the thrust given 
by Mr. Froude’s method must be much less than that given 
by Professor Rankine’s, while the actual thrust is probably 
less than either ; the deficiency in the second case for any 
part of the screw surface, depending as it does on the com- 
pleteness of the column, will be roughly indicated by the 
approach of the length of that part to the length of the 
conenene part of the blade of minimum area. Con- 
sid as a method of determining the thrust approxi- 
mately, it is evident that Mr. Froude’s process is to be 
preferred, and its errors may in many cases be small. It 
would be foreign to the purpose of this paper to enter on 
the question of fricti: resistances. 

In writing this paper I have y confined m to 
bear ee ee tee alate toe 
verification. y any experiments have hi 
published which can asefully be compared with theory in 
the present state of our knowledge, for either they involve 
the disturbance of the water by passage of the ship, or 
they are made on screws stationary in the water in which 
they rotate, in which case the conditions are wholly 

ifferent. Neither of these more complex cases are likely 
to be successfully dealt with till the more simple case where 
the screw acts on undisturbed water has been more 
thoroughly studied. 


APPENDIX. 
Nore I.—Comparison of Thrusts. 
Let @ be the pitch angle, p the Sane | Oe oe 
depth of s spiral clemen of a screw blade, r the radius 
the cylinder on which it lies, q the ratio’ of the circum- 
ference to the pitch, then 


q=cot. gar 
the thrast by Rankine’s theory will be 
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where V is the speed of the ship, v the sternward velocity | occupied by the elements when the thrusts are equal. 447. sn? p 
of the water after leaving the screw, m the mass of a en s—0 we get B K=2—4- 008. 2 +2. 008.2 9+P.sin.P ap 
cubic foot of water. Now if v' be the speed of the screw, _> 21.18. @ _=1,18 sin. @ cos. @. 4+7.sin. D peers 
s the slip expressed as a fraction of that speed, 2r 1+q? , where Q is the (acute) angle which the plate makes with 
v=v' (l—s. sin.? 4) ; pe Now in the text this same result was obtained on the | the direction of the pote 
“. T=24 mrt. s. v4 (1—s. sin.*6) . cos.” 8, supposition of uniform disturbance just extending from; At K the water is at rest, while at points between A 
which, by expressing sin.* cos.* gin terms of g, be- | one blade to the next, and ‘ding . The process in | and K, or B and K, it moves towards A or B respectively, 
comes this note is the equivalent calculation when ? is not dis- | with a variable velocity which we call v. The friction on 


T,=27mrt.sv!® £ (q*+1—s) 





(1+q*)* 
Again, let b be the length off the ave formed by 0 rojec- 
tion of the spiral element on a thwartsbi siaae, ar tee 
be more than one the aggregate of all such 
ares, P the normal pressure, and T, the thrust of the 


element considered as a revolving plate ; then q 
T,=<P.st =1.7btsin. @. ¥?, 
area of element 


¥ is the velocity of the element in its spiral path, 
yy ae that poth makes with the element. Now ? is 
given by the formula 
peg yee 5 i Ae ae 
a 1+(l—s)tan.*@ 9q?+1—s 
which shows that for moderate slips ? is always a very 
amall angle, its maximum being for g=4/1—s, when 
tan. 





-_ 8 
2Vi-s 
For example, for a slip of 25 per cent. ? is less than 
deg. 
Hence we may safely write tan. ? for sin. 2, and further 
Vi=V?+0't. cot.*d=v' | g* + (1—s)*}, 
whence by substitution for sin. and V?, we find 
T,=1.7btsqv'?, Pts)? 
?+1—s 
she element in terms 
uate now the values given by the two theories, re- 
aun second units are feet and 
and that therefore we must write m—2 in the first 


merc )? 8 ) 

+U—s = +U—s 

oe nae ® 
(qt+1—s)? 

* q@t+(l—s) * (i+9?)* 





ed, that is, when the slip is not neglected. _ 
hint is the ae thine: edie 3 f blades of 
what is the same thing, t ) es 0} 
pitch unity when the condition is satisfied at all points of 
the blade for a slip of 25 per cent. Variation in the slip 
alters the result very little except for smaller values of cot. 
6 than can be used practically : 


Screw Blade of Minimum Area. 








4. | q=cot. §.| Fraction.| 94. | q=cot. 4.| Fraction. 
deg. -m. 

id 4 -282 ‘Eo .988 59 

18} 3 352 53 75 555 

26 2 -467 63 5 464 

334) 1.5 537 76 25 .269 

384; 1.25 566 90 0 0 

45 1 578 




















Nore II.—On the Coeficient of Friction of the Front of a 
Screw Paths v 


The motion of water in two dimensions past a plate set 
obliquely in the current has been investigated by Lord 
Rayleigh by aid of a method invented by Kirchhoff. The 


solution involves infinite surfaces of 
infinite of dead i 


i 
= 
if 





the plate is the difference between the friction on A K, 
and the friction on B K ; for example, in the extreme case 
where the water strikes the plate perpendicularly the fric- 
tion is zero. 

Thus, if f be the ordinary coefficient of friction for a 
surface F,, the total friction, 


AE BE 
ray. f w.de gf v*.da, 
0 0 


Ce es matic 
ua e in use 0 "s re- 
sults, any = | < vhs 
F=f. v2 , 4.008. 7) = (-2 ?) sin. Q AB, 
: 4+7.sin. 2 
where V is the velocity of the stream, and therefore the 
value of the virtual cient of friction f' is 
—_¢ 4.cos. P—(r—2 9)sin. DP _ 
f=f. ; =kf. 
4+ .sin. 2 
The numerical value of k 7 = for 








deg. leg. s 
?=0, 10, 20, 30, (9% 
k=1, -760, 576, 434, 0, 


shewing a rapid diminution as ? increases. 

Mr. Froude has pointed out that the friction at the back 
of the blade likewise diminishes when the angle exceeds a 
Se eee ts show a great 
diminution in the friction as the angle i 
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RECENT IMPROVEMENTS IN 
TELEPHONES. 


WueEn the speaking telephone of Professor Bell 
was first brought to this country by its inventor 
two years ago, it was universally hailed as a marvel, 
which unlike most other marvels, promised to be as 
useful as it was interesting. For various reasons, 
however, there are now some who regard that in- 
strument as a mere toy, unsuited for practical pur- 
poses, and fitted only for the ornamentation of a 
fancy laboratory or the desk of a scientific dilettante. 
That this view is an erroneous one is amply de- 
monstrated by the extraordinary diffusion of the 
telephone in America. It is reckoned that there 
are no less than 26,000 Bell telephones in daily use 
in the United States at present, and this number is 
likely to grow at the rate of 5000 more per month 
for some time to come. These instruments are all 














ing an exorbitant price for their goods, which at the 
same time encouraged clandestine competition. Had 
they charged a fair price they would have sold 
thousands when the public enthusiasm for the new 
wonder was at its height, and defeated the unjust 
rivalry of the shops. They lost their opportunity, 
however, and now they are learning that telephones 
can be made other than theirs, an event which did 
not seem to enter into their thoughts before. We 
do not mean to imply that the Telephone Company 
have no longer any ce of success in this country. 
On the contrary, we think that their p are 
good, for their success in America cannot but react 
in time on this country, and although other tele- 
phones have been devised, the Bell is'still in our 
opinion the best adapted for private use. In 
America a neat ebonite telephone, having a com- 
pound bar magnet made up of four steel plates, is 
adopted, as giving the best articulation, and within 


ead, 


| Ta 


THE ADER TELEPHONE. 


lent out on hire, and are worked on the exchange 
system. Every large city has its central office from 
which telephone lines radiate to the dwellings and 
offices of subscribers in any street or suburb. When 
a subscriber wishes to converse with another in a 
different part of the town, he notifies the central 
office of the fact by ringing a call-bell and talking 
by telephone. The attendant at the latter place 
then switches his line on to that leading to the 
person whose ear is required, and the two distant 
subscribers can communicate with each other direct. 
In Chicago there are now as many as 700 sub- 
scribers, and these make over 8000 calls on the 
central office daily. 

_ Inthe face of this rapid and wide-spread success 
in America, we cannot but wonder why the telephone 
is being so slowly adopted in England. The Bell 
Telephone Company, we are told, have barely 500 
circuits at work in this country. Several causes 
have contributed to this backwardness; the natural 
slowness of Englishmen tomake changes, as compared 
with the Americans, the greater abundance of all 
kinds of servants in England as compared with the 
States, the mismanagement of the Telephone Com- 
pany’s interests at the commencement, and the 
prevalence of surreptitious manufacture of the in- 
struments. The Telephone Company prejudiced 
public opinion against them to begin with by charg- 





the last six months the English company have sent 
out a similar instrument, instead of the older wooden 
form, either imported from America or made by the 
India-Rubber and Gutta-Percha Telegraph Company 
of Silvertown. 

There is still a weak point, however, about this 
kind of Bell telephone. ft gives a very small volume 
of sound. This is partly due to the feeble magnet 
and the small diaphragm employed. The latter has 
also to be kept so near the pole of the magnet that 
it is apt to touch and stick to the latter. It is to 
remedy this defect that Mr. F. A. Gower, formerly 
an associate of Professor Bell in his American tele- 
phonic labours, and now well known as the in- 
ventor of the ‘‘ telephonic harp,” has devised an im- 
proved form of the instrument which was exhibited 
before the Society of Telegraph Engineers on 
Wednesday, April 23, by Mr. Adam Scott, Every 
organ of this newer form is essentially the same as 
in the older form; but every organ has been 
modified in shape, so as to contribute to the greater 
distinctness and loudness of the sounds emitted. 
As will be seen from Fig. 1, which represents the 
interior of the telephone, the magnet describes 
a pages’ of a circle, the narrow oblong pakeny which 
are brought close together in the mi of the 
chord, being wound with flat coils of fine wire 
each having a resistance of 60 ohms, The magnet 


is made of a peculiar kind of French steel mag- 
netised by a secret process so as to enable it to 
support ten times its own weight. The coils are 
brought very close together, and the flat coils, as 
shown by Matteuci, Henry, and Faraday, exalt 
their magnetic effect on the diaphragm. The latter 
consists of a soft iron plate 33 in. in diameter and 
thicker as well as larger than that of the older form 
of telephone. A brass ring holds it down upon the 
ledge of the box which supports it. The box is prefer- 
able to brass, owing to the r resonance of metal 
over wood, and its uniformity of e ion and con- 
traction. Fig. 2 shows the back of the cover of the 
box, having a flexible speaking tube communicating 
with the diaphragm, and binding screws for the 
connecting wires, 

‘The * call” of the Gower telephone is, we believe, 
a novelty, It consists of a harmonium or concertina 
reed fixed to the underside of the dia x) 
site a narrow slit cut in the latter. A sharp of 
air sent through the speaking tube passes through 
this’aperture in the diaphragm and agitates the reed, 
which sounds like a toy trumpet or a horn, as the case 
may be, and being placed within the magnetic field, 
transmits its note over the telephone wire to the dis- 
tant station, where it is more faintly but still loudly 
heard. Fig. 3 shows the se this call occupies 
in the instrument, and the detached detail indi- 
cates its construction more clearly. Dr. Werner 
Siemens seems to have been the first to em 4 
reed started by the breath as a telephone call, but 
he causes it to hit against the diaphragm so as 
to vibrate the latter. A pasteboard cone can be 
inserted into the —— instead of the speak- 
ing tube, so as to catch sounds spoken at a short 
distance from the sending instrument, and to give 
them vent at the receiver. By this arrangement, 





with the telephone lying on the lecture table of the 
Institution of Civil Engineers, Mr. Scott addressed 
himself to his colleague stationed at the other end 
of the line which was some five doors further along 
the street, and conversed with him in an ordinary 
voice although his lips were distant by two or three 
feet from the end of the cone which projected into 
the air. The answers of the assistant could be 
plainly distinguished several feet from the instru- 
ment. By raising his voice Mr. Scott also made 
his colleague understand, although he stood some 
fifteen feet from the transmitter. 

In the discussion which followed this interesting 
exhibition, Mr. W. H. Preece pointed out that mere 
loudness was not adesideratum in aprivate telephone, 
since the conversation was not intended for the ears 
of all who might be present in a room, Distinct- 
ness was what was wanted, he maintained, and he in- 
stanced the new electro-chemical telephone of Mr. 
Edison as one in which definition had been sacrificed 
to volume of sound. The Gower telephone also 


seemed to him to gain in loudness at the expense 
of articulation. One advan of loudness, 
which Mr. Preece overlooked, however, lies in 


the supremacy of the vocal currents over the in- 
duction clamour produced by neighbouring busy 
wires. Mr. Preece also called attention to the ap- 
parent distortion of a cornet duet which had been 
layed over the wire, and heard throughout the hall. 
Bertain notes of this musiccame out boldly, whereas 
others seemed to die away into the distance, giving 
the audience a ventriloquial impression that the ma- 
ical music, like that of Ariel, came both from 
‘ar and near. He attributed this to the fundamental 
note of the wage me og note which it would itself 
emit on being vibrated) enforcing the same note in 
the music, but hampering all the other notes; and 
stated that some people can talk better than otbers 
by telephone because they pitch their voices to the 
fundamental note of the plate. Lord Lindsay ob- 
served that in order to give good articulation the 
fundamental note of the plate should have a quicker 
rate of vibration than the sounds to be transmitted, 
and that this could be insured by using a diaphragm of 
requisite thickness, since the thicker the diaphragm, 
the more rapid the rate of its vibration. Hence, 
too, Mr. Gower had been led in employing a dia- 
phragm wider than those formerly used to make it 
thicker also. His lordship mentioned that the tele- 
phone was daily in operation between his house and 
observatory at Dunecht, in Aberdeenshire, over a 
distance of four miles, and that he found it a great 
convenience. 
Not the least interesting feature of the discussion 
was the disclosure made by Major Webber, R.E., to 
the effect that he had recently experimented with 
a remarkable new carbon telephone from America, 








which owed its power to a diaphragm of animal 
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tissue. With this instrument, which was not 
further described, Major Webber was able to speak 
in a low tone over 70 miles of wire with perfect 
clearness, A of this line consisted of under- 
ground cable, in which from twenty to thirty other 
circuits were busily at work without interfering 
with the telephonic message. The voice of this in- 
strument was singularly full and lifelike, whereas 
that of magneto telephones is peculiarly thin and 


As the Society of Telegraph Engineers have not 
had an opportunity of discussing the question of the 
telephone since Professor Bell’s paper in 1877, the 
rival theories of its action were alluded to by several 
speakers in the course of the evening. It is well 
known that some physicists trace the source of sound 
in the Bell telephone to molecular vibrations in the 

etic core, while others attribute them to the 
vibration of the mass of diaphragm asa whole. The 
latter theory has had its ablest exponents in Colonel 
Navez, a Belgium scientiest, and Professor Hughes, 
while the molecular theory is warmly espoused b 
the Count du Moncel. Recent experiments of M. 
Ader, a French physicist, favour the molecular 
theory, and their outcome is the telephone receiver 
shown in Fig. 3, where an iron wire, or a strongly 
magnetised needle M is soldered at each end toa 
mass of copper E and D, and surrounded by a 
bobbin or coil of insulated wire N. The copper 
mass D is soldered to a larger mass of lead 
C, which is perforated longitudinally at OO to 
allow the ends of the coil to get to the binding 
screws at F by which the telephone is connected in 
circuit, It is found that the metal mass D C should 
be phonetically insulated from the mass E to prevent 
confusion of vibrations, therefore D C is wrapped in 
a sheet of india-rubber H. An ear-piece A is fitted 
to the instrument, and on listening into it while 
the vibratory currents flow in the coil the sounds 
are distinctly audible. M, Du Moncel explains the 
action of this remarkable telephone in conformity 
with the molecular theory by supposing that the 
vibratory currents of the coil lengthen and shorten 
the iron core, which therefore communicates a series 
of small shocks to the more inert metallic masses 
with which it is in contact. Doubtless both the 
theories are correct to a certain extent, and both 
assist in producing the very complex resultant 
effect of the Bell receiver. In that instrument, 
however, the main share of the action is, we think, 
done by the diaphragm, while in Ader’s re- 
ceiver the molecular action has been brought into 
prominence. It is well that discussions upon scientific 
problems take place, for to them we often owe not 
only new facts but new apparatus. 





CANADIAN RAILWAYS.—No. XIX. 
Granp Trunk Ratway or Canapda.—Ill. 

Pore ALEXANDER VI, gave the continent of 
America to Spain, but Francis I. forgot his obliga- 
tion to the Head of the Church, and sent Cartier to 
lant the standard of France on the St. Lawrence. 
Bain and Portugal protested against the expedition, 
and denied his right to interfere. ‘‘ What!” said 
the testy monarch, ‘‘do they expect to share all 
America between them? I should like to see the 
clause in Father Adam’s will that makes them heirs 
of so vast a heritage ;” and Cartier was sent a second 
time, with larger powers and more definite instruc- 
tions. Like other ambitious autocrats, he threw 
the veil of religion over the more coveted, but less 
apterens objects of his expedition, and on the 16th 
of May, 1535, the officers and crews of his little 
fleet were assembled in the old cathedral of St. 
Omer, to purify their souls, and receive the final 
benediction of the Church, previous to their depar- 
ture on the perilous enterprise of converting the 
heathen in the wilds of America. Two months 
afterwards Cartier entered the St. Lawrence and 
pessing the Indian town of Stadacona, the limit of 

is first expedition, pushed up the mighty river till 
the boiling rapids of St. Lou’s barred his further 
progress. To his right on a level plateau of land 
surrounded by well-cultivated fields of maize stood, 
encircled by a triple row of palisades, the capital of 
the Iroquois, the town of Hochelaga, backed by 
the great mountain, whose wood-crowned summit 
dominated the busy settlement at its base. Cartier 
named this Mount Royale, from the isolated majesty 
of its position amidst leagues of surrounding soli- 
tudes, and overlooking the mighty river, whose 
impetuous waters as they a down the rocky 
channels of the foaming rapids, breathed the stern 
music of the wilderness. ‘Then, as now, Stadacona 





and Hochelaga, Quebec, and Montreal, were the 
leading centres of the population of Canada. But 
a winter of hardship overtook them, and the next 
summer found the survivors back at St. Malo a 
diminished and disheartened company. A rigorous 
climate, a savage people, a fatal disease, a soil 
barren of gold, had been the benefits derived from 
New France by the hardy and ambitious adven- 
turers. 

Years rolled on, and St. Malo again produced a 
moving spirit to attempt once more the civilisation 
and conversion of the new continent, and an ad- 
ditional stimulus was offered by the expectation, at 
that time well grounded in Europe, that this route 
was destined to open up anew and better communi- 
cation to the realms of the East Indies, and the 
fabulous wealth of Cathay. Pontgravé had secured 
the co-operation of Henri IV., and in 1603 Champ- 
lain, with another French fleet, anchored at the 
foot of the St. Louis rapids. But of all the savage 
throng that had welcomed Cartier 68 years before 
not one was left. Hochelaga was deserted ; all re- 
cent traces of the town and its cornfields were 
obliterated, and a few miserable Algonquins of 
different language and lineage wandered round the 
base of Mount Royal, and over the ruins of the 
Iroquois town. Leaving his vessels, Champlain 

ushed forward by land; but in eight miles the 
ke St. Louis was before him, the St. Lawrence 
was on both sides of him, and extending in broad 
majestic sweeps, the mighty Ottawa, the Grand 
Riviére he called it, pointed in the direction of the 
coveted Cathay, and imagination pictured his pre- 
sent standpoint, which he named Lachine, as the 
mart where the rich Eastern world would exchange 
the gems, silks, and spices of China and the Indies, 
for the manufactures and productions of Europe. 
But not at the time, nor in the way he anticipated, 
was this dream of the future to be accomplished, 
and Champlain returned to Stadacona to build up 
for France a new nationality round Quebec, and 
after a long, hard-working, adventurous career, to 
die there in the service of his country before the 
vision of Lachine was revived, or Hochelaga was re- 
inhabited. 

Forty years more elapsed. France, after years of 
struggle, had made herself mistress of the northern 
half of the continent, of which Quebec was the 
capital; the Jesuit fathers, with intrepid missionary 
enthusiasm, had ascended both rivers to the great 
lakes, and the advantageous position of the island at 
the confluence of the two had decided the com- 
maniant to build a town and fortress at this point, 
now known to be the terminus of the ocean naviga- 
tion of the St. Lawrence. Amidst the booming of 
cannon, the full military display of New France, 
and the imposing ceremonies of the Church, the 
foundations of the new city were commenced, and 
dedicated to the special protection of the Queen of 
all the Angels. Ville Marie was erected upon the 
site of the ruined Hochelaga, For a long time it 
bore this name, but in 1760 the French, after the 
capture of Quebec by the British, here made their 
final stand, and the fall of Ville Marie was the 
closing — of the French régime in Canada. 
The English bestowed on the city and the island 
the name originally given by its discoverer to the 
mountain, the most prominent feature, and Montreal 
has ever since been the commercial emporium of the 
British possessions in America. 

This mountain, which extends for three miles 
along the back of the city, rises abruptly from the 
otherwise level surface of the island, and imme- 
diately overlooks the city. It is a singular and 
ee object, from its massive proportions and 
isolated position, Its lofty summit, 700 ft. above 
the level of the water, now laid out as a park and 
cemetery, its rounded hummocks and steep de- 
clivities, with villas and public buildings inter- 
spersed amongst the foliage that clothes the flanks 
of the great hill, give the city a most picturesque ap- 
pearance, as the whole mass looms up unrelieved by 
any background into the clear blue sky. Geologi- 
cally it is principally a huge mass of basalt, and has 
been forced through the level stratification of the 
limestone which forms the base rock of the island, 
without disturbing the general horizontality of its 
beds, and has solidified into nearly its present shape. 
In addition to the main body of this intrusive basalt, 
it sends out arms or dykes, radiating at right angles 
to the principal mass, and extending from 1 ft. to 
14ft. in thickness for a mile or two into the plains 
below, broken pieces of the limestone and single 
shells being found imbedded and unchanged, as if 
the pressure from below had cracked and torn open 





the stratified limestone, and then filled up the rent 
with the molten material of the hill itself. 

The city of Montreal is situated on the south side 
of the island of the same name, 32 miles long and 
10 miles wide, at the head of the ocean navigation 
of the St. Lawrence, and at the foot of two lines of 
river and canal navigation, which draining the St, 
Lawrence and Ottawa valleys converge into the 
Lachine Canal, which conveys their produce into 
Montreal Harbour, Eight railway systems practi- 
cally end at Montreal, for, except by the Grand 
Trunk, in winter there is little that passes through 
this city without changing in transit to other places, 
These different lines are by the Grand Trunk 
Railway west to Toronto and the Western States ; 
by the Lachine Railway and Canghuawaga Ferry to 
Ogdensburg and Western New York ; to New York 
and the south-west by the Delaware and Hudson 
Canal Company’s railway ; to New York and Boston 
by the Vermont Central; to Portland and Boston 
by the South-Eastern ; to Portland, Quebec, and 
Halifax, by the Grand Trunk east; to Quebec by 
the North Shore; and to Ottawa by the Northern 
Colonisation Railway; the last two being now 
merged into the Quebec, Montreal, Ottawa, and 
Occidental Railway. As the city is upon an island, 
all these streams of traffic, excepting by the Lachine 
and Canghuawaga line (the cars of which are carried 
between these two points by a ferry without break- 
ing bulk), come into the city over massive iron 
bridges, three of which end on the island itself, and 
as these abut upon other islands, three more bridges 
in addition are required to reach the main land. 
Three out of the six are over navigable water, but 
all of them are sufficiently elevated to permit the 
steamers to pass underneath without the necessity of 
a drawbridge. By far the most important of these, 
the longest and most expensive, is the great Victoria 
Bridge, which connects the main land south of the 
St. Lawrence with Montreal, and although now 
twenty years old, it still has no equal for its magni- 
tude, extent, or the difficulty attending its con- 
struction. The river is here two miles wide, and 
the current in its course from Lake St. Louis, 
falling 45 ft. in a little over six miles to the tide level 
a mile below it, gives a velocity of seven miles an hour 
at the site of the bridge. It is said that 50 million 
cubic feet of water pass here per minute, and that in 
the course of a single year 143 million tons of solid 
material held in suspense are carried forwards 
towards the ocean. The bottom is rock, but strewed 
over with large boulders, some of them hundreds of 
tons in weight, and a further difficulty was expe- 
rienced in the seams and crevices in these rocks, 
which made the construction of the cofferdams, in 
which the piers were built, a work of extreme diffi- 
culty and expense. The volume of water is, how- 
ever, not the principal danger to be contended 
against, at all events not in its liquid state ; but the 
ice which covers the St. Lawrence from 2 ft. to 3 ft.in 
thickness, and the action of which at Montreal is 
in the spring season most peculiarly treacherous. 
Seven miles above the bridge is a large body of 
water called Lake St. Louis, 15 miles wide and over 
100 square miles in superficial area, into which both 
the St. Lawrence and Ottawa discharge, and which 
in its turn is relieved of its surplus water by the 
Lachine or St. Louis rapids, which falling 45 ft. in 
perpendicular height, carry off this enormous accu- 
mulation with a varying velocity in different parts 
of its course. The rise of the water, principally in 
the Ottawa, from the melting of the snow in the 
spring of the year, first raises the mass of ice that 
covers Lake St. Louis clear of its shores, and then 
hurls this enormous ice crust over the rapids and 
against the bridge with a momentum absolutely in- 
calculable. The rapids, to some extent, break up 
this extended area of ice, but floes of a mile in area 
weighing thousands of tons, with the added 
impetus from the Lachine currents, must often be 
precipitated against the bridge, and that it has for 
so many years successfully withstood this annual 
breaking up is marvellous to any who have witnessed 
the terrible destruction occasionally inflicted on the 
city wharves lower down, and in a better position 
to resist them. Of course nothing could stand the 
direct blow of such masses of ice, but this is 
arrested by the shape of the piers, which are 
admirably designed, so that the weight and mo- 
mentam of the floes themselves are the instruments 
of their own destruction, for the heavier the mass of 
ice is, and the faster it is moving, the higher is it 
pushed up the sharp sloping edge of the cutwater, 
and the more certain it is to be broken in two by its 
own weight, and to pass harmlessly under the spans. 
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The first attempt to obtain powers to put a rail- 
way bridge across the St. Lawrence near this place 
was made in 1847, in the interest of the road to the 
Province line, then called the Champlain Railway, 
now a branch of the Grand Trunk to St. John’s. 
This was laid out below the present bridge, was 
2.18 miles in length on a low level, and intended to 
have drawbridges to accommodate the navigation. 
The Bill for this bridge was thrown out in the 
Legislature, on the ground of its interference with 
and danger to the navigation, upon which ten 
million dollars had then been expended. A second 
bridge was subsequently designed by Mr. Keeper 
at the instance of the Board of Trade of Montreal, 
but this also was objected to on the ground of inter- 
ference with the navigation. In 1854 the first steps 
were taken towards the construction of the present 
bridge, and a contract was let to Messrs. Peto, 
Brassey, and Co. to complete the work for 1,250,000/. 
The position of the bridge was established higher up 
the stream than the first design, and on nearly the 
same site that Mr. Keeper had proposed, bringing 
it within the influence of the rapids of the river, the 
velocity of which ends some distance below the 
bridge, but it has the advantage of being shorter, of 
giving more room in the harbour, of being clear of 
the shipping, and of avoiding the basins, wharves, 
and warehouses of the Lachine Canal. The bridge 
is high enough to allow the vessels that come down 
the rapids to pass under it without any difficulty, 
and as the channel is nearly in the middle of the 
river it permits a gradual ascent from each end of 
the bridge of 1 in 130 to the large central span 
through which all the steamers must necessarily 

ass. This opening is 330 ft. wide, and 60 ft. in 

eight over the medium water level, and on either 
side are 12 spans each of 242 ft. opening, making 
25 altogether, and giving a waterway equal to 
6138 ft., or a little over 14 miles, The abutments 
are 1344 ft. long on the south and 1033 ft. long on 
the north side, and have a sloping face of stone on 
the upper side to resist the ‘‘ice shove,” making 
with the breadth of the piers a total length from 
end to end of 9184 ft., or 1? miles. The piers and 
abutments were all founded in cofferdams, the con- 
struction and securing of which were very trouble- 
some and expensive, from the rocky inequalities of 
the bottom, and the presence of the large boulders 
that encumbered the bed of the river and which 
were too heavy and awkward to be removed. The 
stone used for the masonry is a capital limestone 
from the Point St. Clair quarries, on the island of 
Montreal, and close along side of the railway, 13 
miles from the bridge, to which they were brought 
by locomotives, and of which 3,000,000 cubic feet 
were used in the construction of the piers and 
abutments. 

The superstructure consists of rivetted boiler 
plates in the shape of a rectangular tube, similar to 
the Britannia and Conway Bridges on the Chester 
and Holyhead Railway, but with some differences 
in detail. These tubes are of a uniform breadth 16 ft., 
but they vary in height decreasing from the centre one 
which is 22 ft. deep to the end ones, which are 18 ft., 
by regular decrements of 8 in. in each tube. Except- 
ing the central span, each tube covers two openings, 
being bolted to the pier in the middle of its length, 
and expanding in each direction from the centre, 
For this purpose the free ends of each tube rest on 
fourteen expansion rollers, 6 in. in diameter, and 
3 ft. in length, seven on each side of the tube, fitted 
into planed cast-iron bedplates 7} ft. long, 34 ft. 
wide, and 3 in. thick, similar plates covering the 
rollers being bolted on to the underside of the tube. 
The weight of wrought iron in the tubes averages 
about one ton to the foot run, and the total weight 
used in the bridge, cast and wrought, amounted to 
8250 tons. The depth of the channel in the centre 
is 22 ft., aud the total height from the bed of the 
river to the top of the centre tube is 108 ft. It 
was about four years building, and the first train 
passed through December 17th, 1859. 

The total cost of this bridge was 6,346,133 dols., 
or an average of 137/. sterling per running foot. 
Although the Grand Trunk Ealiway would have 
been defective and incomplete without it, it is open 
to doubt whether this enormous expenditure was 
justifiable at the time, and it is quite certain that 
this lavish outlay had a deal todo with the subsequent 
pecuniary embarrassments, both of the road and 
of the contractors, A wooden bridge to have 
answered the same purpose could have been built for 
probably one-tenth of the sum, and the amount saved 
would have equalled 1000/. sterling per mile of 
the railway to be constracted. It is not likely tha 





any similar outlay will ever occur again ; a bridge on 
the same principle as the St. Maurice previously 
illustrated could have been built at this place for 
vastly less cost, while it would have been equall 
strong, quite as efficient to withstand the ice, an 
would not have filled with steam, and been so in- 
tolerably dark and stifling to passengers, as this 
dismal ill-ventilated tunnel, which on a gradient of 
40 ft. to the mile necessarily tests the power of the 
engines, and requires the full force of their steam, 
the whole of which is retained in the bridge till 
some time after the train has passed. 

At the Montreal end on the bridge are the general 
workshops of the company, the offices of the execu- 
tive management, and the large freight sheds and 
shunting grounds for the converging roads, The 
passenger station at Point St. Charles, opposite to 
the offices, has for some years been dispensed with, 
and the passenger trains from the south run direct 
without stopping over a short junction line which 
enables them to reach the old terminus of the 
Lachine Railway in Bonaventure-street, a mile 
nearer to the centre of the city than the original 
Montreal Station at Point St. Charles. The Lachine 
Railway had, however, only a very miserable depét 
to begin with, even for that short line, and though 
enlargements and improvements have constantly 
been making, the commercial capital of Canada has 
stilla very humble terminus to represent the great 
arterial railway of the eountry, on which so many 
millions have been expended. 





LOCOMOTIVES AT THE PARIS 
EXHIBITION.—No. XVIII. 
FRANCE, 

Exc usiIve of engines for tramways and service 
in mines, French locomotive practice was repre- 
sented at the Paris Exhibition by twenty-three 
locomotives, of which thirteen were either shown 
by French railway companies or were of types made 
for these lines and exhibited by their makers. 
Taken altogether the collection was one of excep- 
tional interest, the more so as it marked very pro- 
minently the progress made by French locomotive 
builders since the Exhibition of 1867. 

Inside-cylinder locomotives have never found 
much favour in France—except on the Western 
Railway, where a special type of inside-cylinder 
engine has been largely used—and the Exhibition 
of last year showed no signs of a change in this 
respect. In fact, with the exception of an engine 
for the Western Railway of the type just alluded to, 
the only inside-cylinder locomotive exhibited by a 
French railway company was one for the Northern 
Railway, this being a four-coupled engine with a 
four-wheeled bogie in front, and including many 
features of recent English practice. As most of our 
readers are aware, the Crampton engine has been 
very extensively used in France for fast passenger 
service, and although the general increase in the 
weight of train has now very generally necessitated 
the employment of coupled engines, still many 
features of the Crampton type are retained, and 
its influence may be plainly traced in the majority 
of recent engines. For heavy and fast passenger 
service eight-wheeled engines with the four centre 
wheels coupled and small leading and trailing wheels, 
appear to be rapidly becoming a very favourite 
the requisite flexibility being in most cases provided 
for by allowing lateral traverse to the front and hind 
wheels, We have already (vide page 355 of our last 
volume) illustrated and described an engine of this 
type exhibited by the Paris, Lyons, and Mediter- 
ranean Railway, and with the present number we 
publish a two-page engraving of another example 
shown by the Paris and Orleans Railway. Here- 
after we shall have to deal with others. 

For working goods traffic the enormous twelve- 
wheeled four-cylinder engines of the type which 
formed such a striking feature amongst the exhibits 
of 1867, has practically disappeared, and the 
accepted pattern for heavy service is now the 
outside-cylinder eight-wheeled coupled type, of 
which seyeral examples were shown at Paris last 
year, and which we shall fully describe in due 
course. The special features of French railway 
practice can, however, be better shown by an 
account of the engines exhibited last year than}by 
any generalisations, and we will therefore proceed 
with the description of the locomotive of which we 
this week give illustrations. 

At the Paris Exhibition of 1867 there was shown 
by the Paris and Orleans Company a six-wheeled 
express locomotive with the driving and trailing 


wheels coupled, the coupled wheels being 6 ft. 63 in. 
in diameter, and the cylinders, which were outside, 
being 16.54in. in diameter, and 25.6in. stroke. 
This cngine was one of twelve built by the Paris 
and Orleans Company for working express and 
mail trains on their lines to Toulouse and Agen, 
and it was the only coupled express engine in the 
Exhibition, the employment of coupled engines for 
working fast traffic not having at that time made its 
way in France. In the class of engines of which 
this was an example, the wheel base was kept as 
short as possible to facilitate the traversing of 
curves, and the firebox was overhung. To reduce 
the effect of this overhang the firebox was kept 
short, the grate being only 4 ft. 3 in. long, while to 
lighten the boiler it was made with a steel shell ; 
notwithstanding this, however, the weight on the 
rear wheels exceeded 12} tons. By the year 1872 
sixty engines of this class had been placed on the 
line, and as far as the practice of coupling is con- 
cerned, they sane to have given great satisfac. 
tion, there not having been, we understand, a single 
case of broken coupling rods or crankpins on these 
engines during the past twelve years. Some mis- 
haps with the steel boilers, however, led M. Forque- 
not to resume the use of iron, and with the increased 
weight of boiler attendant upon the change, he 
decided to increase the wheel base of the engities, 
and to add a pair of carrying wheels behind the 
firebox. An engine of the new type was built at 
the company’s works at Ivry, and was set to work 
in July, 1873, and this engine, No, 260, was the first 
eight-wheeled locomotive with the four central 
wheels coupled employed on a French Railway.* 
The engine No. 260, just mentioned, had the same 
size of cylinders as the six-wheeled engines which it 
succeeded, and although it had the required sta- 
bility, it became in its turn of insufficient power to 
deal with the increasing heavy and fast traffic, In 
1875 the Paris and Orleans Company determined 
upon running express trains in 9 hours and 10 mi- 
nutes between Paris and Bordeaux, giving a mean 
speed, inclusive of stoppages, of 39 miles per hour, 
while at the same time they commenced pissing on 
the line an improved and most commodious type of 
first-class carriage specially arranged for these 
express services, and which necessarily augmented 
the weight of thetrains, The first service just men- 
tioned was commenced in eh 1876, and it was to 
meet its requirements that M, Forquenot designed 
the more powerful type of express engines of which 
that exhibited at Paris last year was an example, 

Referring to the two-page engraving, which we 
this week publish, it will be seen that the engine 
under notice has a —_ long boiler, the leading, 
driving, and coupled axles being beneath the boiler 
barrel, and the trailing axle being under the rear of 
the firebox. The total wheel base is 18 ft. 8.4in., 
divided as follows: 


ft. in. 

Between centres of leading and driving 
wheels... ss sa Ah oo 6 OS 
Between centres of driving and coupled aus 


wheels... ove see 0 ove 
Between centres of coupled and trailing 
wheels... ose ‘oe see see 5 7 
The diameter of the coupled wheels is 6 ft. 2.8 in., 
while that of the leading and trailing wheels is 
3 ft. 8 in. 

The cylinders are 17.2in. in diameter, with 2 ft, 
1.6 in. stroke, and are fixed at a distance of 6ft. 2.8in. 
apart from centre to centre. The diameter of the 
coupled wheels being, as we have stated, 6 ft. 2.8 in., 
the tractive force which the engine is capable of 


2 
exerting is aS = 101 1b. for every pound 
of effective pressure per square inch o- the pistons. 
The maximum theoretical tractive effort which the 
engine is capable of exerting is calculated by the 
Paris and Orleans Company as 5663 kilogrammes or 
12,459 lb., which would correspond to a mean effec- 
tive cylinder pressure of 123.3 1b. per square inch, 
As the boiler pressure is 9 atmospheres effective or 
132.3 Ib. per square inch, this maximum tractive 
effort could only be obtained at moderate speeds. 
Referring to our two-page engraving, and to the 
transverse section, Fig. 3 on page 390, it will be 
seen that the cylinders are well secured to the frame 
by deep flanges above and below the centre line, 
while a rec projection from the cylinder 
s fits into a corresponding opening in the frame, 
so as to relieve the strain on the bolts. The valve 
chests occupy an oblique position above the cy- 


* Of the origin of this type of engine we spoke in the 








last article of the present series (vide page 272 ante). 
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TYRE-GRINDING LATHE AT THE WORKS OF AUSTRIAN STATE RAILWAYS, SIMMERING. 
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linders, as shown. The slide valves are of 
phosphor-bronze, the faces being perforated 
or honeycombed with holes arranged to ‘‘ hit 
and miss” on the plan adopted on many of our 
own railways. ‘These phosphor-bronze valves 
appear to have done excellent work on the 
Paris and Orleans line, and three examples 
of them taken from service were exhibited 
at Paris last year. Of these valves, one 
had run 61,351 kilometres, or 38,100 miles, 
with a wear of 2 millimetres, or 0.079 in., 
while a second had run 75,071 millimetres 
(46,620 miles) with a wear of 4 millimetres 
(0.157 in.), and the third 85,766 kilometres 
(53,260 miles) with a wear of 3 millimetres 
(0.118 in.), Taking the standards of compari- 












son for the French and English measures as 
‘‘kilometres ran per millimetre of wear,” and 
‘miles ran per wear of ,j, in.” respectively, 
we get the following figures for the perfor- 
mances of these three valves : 
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= osten tol of | Miles run for a 
1 Millimetre. | Wear of ao in 
No. 1... 30,675 24,114 
eit a 18,767 14,847 
sie: 28,588 =| 22,067 
Means 26.010 | 20,343 Jmatanitn 








In all the cases the wear was perfectly even, and 
there were no signs of cutting. 

Returning to the engine we are describing, it will 
be seen that the valve motion, which is outside, is 


4 
CARD 





of the stationary link or Gooch type, the expansion 
links being of the box pattern, and the comntalen 
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being fixed on return cranks. The eccentric stra 
are of wrought iron lined with white metal. The 
reversing is effected by a screw gear of the pattern 
introduced by Mr. Sinclair on the Great Eastern 
Railway. The principal dimensions of the ports 
and valves are as follows: 


in. 

Length of ports ‘ 13.38 
Width of steam ports 1.38 
Outside lap of valves 1.015 
Inside lap of valves ... 0.02 
Throw of eccentrics ... 2.16 
Linear advance of eccentrics ts on 1.04 
Ratio between area of piston and area of 

steam port ... ie es a 1 : 12.92 
Ratio between area of piston and area of 


exhaust port ss ove ose Le J 
The connecting rods, which are 5 ft. 10.9in. long 


‘between centres, are of steel, and the coupling rods 
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of wrought iron, the bearings in each case 
being of phosphor-bronze, this latter ma- 
terial being also used for the axle bearings 
of both engine and tender, The pistons and 
piston rods are of steel, as are also the crank. 
pins and axles, the latter being of the folluw- 
ing dimensions. 




















Driving 
. e Leading and Trailing 
Axle. Coupled Axle. 
Axles. 
in. in. in. 
Dia. of journals...| 7 02 7.48 5.12 
Lengt' 2 et 9.84 9.45 
Dia. at centre ...| 6.69 7.09 7.09 
Distance between} 
centres of journ. 3ft. 7.7 in.|3ft. 7.7in.|6ft. 8} in. 












The wheels are all fitted with steel tyres 
secured by a dovetailed lip and tap-bolt on 
Beattie’s system, as shown by the section, Fig. 3. 
on page 390, and the weights of the several pairs of 
wheels with their axles and new tyres are as follows : 





cwt. 
Leading wheels andaxle ... oes is $4.1 
Driving ,, ‘ is eee rai 72.3 
Coupled  ,, - sve the ows 64.2 
Traili ps te ii nee we 34.8 


The axle-boxes for the leading, driving, ant 
coupled axles are of wrought iron, and those for 
the trailing axle of cast iron, the bearings being 
in each case, as we have already stated, of phosphor- 


bronze. The leading and trailing axle-boxes are 
allowed lateral play, their tops being fitted with 
inclined planes on which the springs , 80 that 


the tendency is to keep them to the centre. In 
the case of the leading and trailing axles, the springs 
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are arranged above the axle-boxes, but in the case 
of the coupled wheels a single spring on each side 
serves for the two axles, this spring being slung 
from a compensating beam which rests on the top 
of plungers bearing on the tops of the axle-boxes. 
The arrangement is clearly shown by the longi- 
tudinal section in our two-page engraving and by 
the transverse section Fig. 3, page 390. The de- 
flection per ton of the several springs is as follows: 


Inch per ton. 
Leading springs «. 0.224 
Central _,, ods .. 0.248 
Trailing ,, “a o ee 0.449 


The centre of gravity of the — of the en- 
gine resting on the springs is 17.83 in. behind the 
centre of the driving axle, and the distribution of 
the weight on the wheels, with about 4 cwt. of coal 
on the grate, and the water level about 4in. above 
the top of the firebox, is as follows: 


Tons. 

On leading wheels 11.4 

oa: ae 
” cou ” - 

"ties 2 5.45 

Total a 41.80 


The weight of the engine empty is 37.7 tons. 
The frames are inside (except that at the rear end 
short additional outside frames are also provided to 
the trailing axle-box guides), and are of good 
depth, but the lateral connexions are less sub- 
stantial than would be provided for a similar engine 
in this country. These connexions consist at the 
leading end of the buffer beam (wood), the front 
plate of smokebox and smokebox tube-plate, with 
two horizontal plates forming a kind of double 
bottom to the smokebox. About midway between 
the smokebox tube-plate and driving axle is a sub- 
stantial transverse stay carrying the — and the 
weighbar bearinys, while at the rear end there are the 
foot-plate and draw-plate. Beyond these main con- 
nexions there are also some light stay-bars between 
the frames before and behind the central springs and 
between the hornplate stays, while between the 
driving and coupled axles, the frames are also con- 
nected to the boiler. The axle-box guides for the 
coupled axles are, it will be noticed, fitted with 
adjusting wedges. 
he boiler is of the flush-topped type, and the 
firebox is constructed on the Fen Brink system. 
The boiler shell is of iron plates 0.53 in. thick, 
double rivetted at the longitudinal seams, 

The boiler is rivetted by one of Tweddell’s 
hydraulic rivetters, a machine which the Paris and 
Orleans Company have used since 1876. As in 
most French locomotives, the barrel of the boiler 
carries a large dome, this being double-rivetted at its 
junction with the barrel, and an internal strengthen. 
ing ring being also provided. The opening in the 
barrel where the dome is fixed has n kept as 
small as possible, consistent with its use as a man. 
hole. There are no longitudinal stays, the back 

late of the firebox and the smokebox tube-plate 

ing stiffened by gusset stays, as shown in our 
longitudinal section, The form of stay used for 
the back plate of firebox casing is somewhat peculiar, 
as will be seen on reference to the view just men- 
tioned The firebox crown is supported by girder 
stays with sling stays extending to a heavy ring, 
which is rivetted around the opening, over which 
the safety valve column is placed, as also shown 
in the longitudinal section, 

Each plate used in these boilers by the Paris and 
Orleans Company has a test-piece cut from it, these 
pieces having to show a breaking strain of at least 
33 kilogrammes per square millimetre (equivalent to 
46,937 |b. per square inch), and an elongation of at 
least 15 per cent. in a levgth of 8 in. before fracture. 
The firebox, together with the Ten Brink mid- 
feather or doni/leur and its connecting tubes, are of 
copper, as are also the firebox stays. The chief 
dimeusions of the boiler are as follows : 


ft. in. 

Mean diameter of barrel ... 4 1.2 
Length of barrel... eve oa 16 0.2 

» firebox (top and bottom, 411. 

Width - at top eee 3 4.6 
»” * bottom 38 53 
Length of grate 5 0.6 
Width eee 3 49 


Inclination of grate nn “5 deg. 
Height of crown of firebox above grate 


at front ... pa san ne “ 5 18 
Height of crown of firebox above grate 

atrear .., de ° Rs ose 8 6.1 
Namber of tubes ... << WH 
Length AY Tied aan uw 16 48 
Diameter ,, outside 0 1.89 


ENGINEERING. 
ft. in 
Height of bottom row of tubes above 
grate... S eo all wo, 8 BF 
Height of top of chimney above centre 
of top row oftubes... ima he 7 02 
Diameter of chimney, inside... 1 3 
Heating surface: Firebox 14 
Tubes 1440 
Total ove 1554 
Grate area ... ese a 17.2 
Flue area through tubes (disregarding 
ferrules) ... a eee se aie 2.79 
Flue area through tubes at ferrules 2.15 
Airway at entrance to ash-pan 3.02 
»» through firegrate —... 8.6 
Sectional area of chimney aa 1.4 
Ratio of firebox surface to tube sur- 
face ... doe ove eee -- 1:12.63 
Ratio of firegrate area to heating 
surface oe nes ove .. 1:90.38 
Ratio of flue area through tubes to 
grate area .. dik os coe 2s OM 
Ratio of sectional area of chimney 
grate area .. we rhe .. 1:12.87 
Water capacity of boiler with water 
4 in. above firebox crown... _-.. | 139.6 cub. ft. 
Capacity of steam space in boiler 47.6 a 
= od »» dome 15.9 aa 
” ? ” (Total) 63.5 ” 
Length of smokebox oad ee 2 ft. 11.4 in. 
Diameter of smokebox | a a 
Capacity 2 = 61.3 cub. ft. 
Sectional area of steam pipe 16.12 sq. in. 
Ratio of sectional area of steam pipe 
to area of piston ... : ow. 1:146 
Sectional area of exhaust pipe. 27.5 sq. in. 
Ratio of sectional area of exhaust 
pipe to area of piston * «- A: 8.58 
Maximum area of opening of exhaust 
nozzle ose ove i ime 35.1 sq. in. 
Minimum area of opening of exhaust 
nozzle ... oa - oe aan 13.2 ,, 
The Ten Brink firebox has been very extensively 


used on the Paris and Orleans Railway both on 
passenger and goods engines, the particular locomo- 
tive under notice being the 670th which has been 
fitted with it on that line. The arrangement con- 
sists, as will be seen, of a short horizontal grate at 
the front of the firebox, a steeply inclined grate ex- 
tending from this upwards to the firedoor. The 
latter extends nearly the whole width of the firebox, 
and is fitted with a kind of mouthpiece, above which 
isa flap for the admission of air, as shown in the 
longitudinal section on our two-page engraving, and 
the back elevation on page 390. From this latter 
view it will also be seen that there are likewise two 
small doors for the admission of air at a higher level. 
Instead of a firebrick arch such as is generally used 
here, the Ten Brink firebox has a water partition or 
bouilleur made distinct from the firebox, but con- 
nected with the latter by two tubes leading to the 
tube-plate just below the tubes, and two others lead- 
ing to near the tops of the side plates. The short 
horizontal grate is supported on lever arms and 
counterbalanced so that it can be readily dropped, 
and the inclined grate is formed of bars spread out 
fan-wise on Raymondiere’s system, these bars 
having their upper ends formed so as to hook on to 
a casting which extends across the back of the fire- 
box. The arrangement is clearly shown in the 
longitudinal section and plan on our two-page en- 
graving. ‘The Ten Brink arrangement is stated 
to give good results and to enable the most smoky 
coal to be burned without difficulty. 

The regulator, which is placed in the dome, is of 
the gridiron type, and is provided with a small sup- 
plementary valve on the back, this valve opening 
before the main one. The dome carries two ordi- 
nary safety valves, each 4.33 in. in diameter, while a 
third valve, 3.15in. in diameter, and loaded by a 
spring direct, is mounted on the top of the firebox 
casing. The boiler is fed by one Bouvret injector 
placed on the left-hand side of the firebox, and by a 
double-acting pump worked from an eccentric on 
the driving axle. This pump has two plungers 
acting during the opposite strokes, and the pipes 
and valves connected with it are of large area. 

The engine is fitted with the Le Chatelier counter- 
pressure brake, and there is mounted on the builer 
a large sandbox fitted with a screw arrangement 
for feeding the sand down the sand-pipes, as shown 
in the longitudinal section. The spindle on which 
the feed-screw is mounted also carries arms for 
stirring up the sand, and it is rotated by gear 
which can be worked from the foot-plate. The foot- 
plate is protected by a neat cab, and the various 
fittings are conveniently arranged within reach of 
the driver. The workmanship of the‘engine was 


excellent throughout. 





The tender used with the engine we have been 





describing is four- wheeled, the wheels being 
3 ft. 8 in; in diameter, and the wheel base 9 ft. 10 in. 
The wheels and axles are of the same pattern as 
the trailing wheels and axle of the engine. The 
tank is of the horseshoe shape, and contains 2200 
gallons of water, while the quantity of fuel carried 
is 2tons. The weight of the engine empty is 1],] 
tons and in full working order 23.1 tons. In the case 
of some of the engines of the same class, the 
tenders are made to carry less water, namely, 
1540 gallons, but in these cases the capacity for 
coal is larger, 3 tons being carried, the outside 
dimensions of the tender remaining the same. 

Of the other engines exhibited by the Paris 
and — Company we shall speak in our next 
article, 








TYRE-GRINDING LATHE. 

On the Austrian State Railways considerable trouble 
has been experienced from the hardening of the surfaces 
of steel tyres due to the heating and subsequent sudden 
cooling caused by the application and release of 
brakes, this hardening being probably intensified by the 
use of steel tyres containing a somewhat higher per- 
centage of carbon than is usual elsewhere. The diffi- 
culty of dealing with these hardened tyres by ordinary 
turning, led some time since—as it did many years ago 
at the Swindon Works of our Great Western Railway— 
to the adoption of a grinding process, but the results 
were not satisfactory and it was abandoned. More 
recently, however, the arrangement which we illustrate, 
on pege 391, for grinding these tyres by emery wheels 
was designed, and it was set to work at the Simmering 
works of the company in 1876, since which time it has 
worked satisfactorily. 

As will be seen from our engravings, the arrangement 
consists of an ordinary wheel-lathe fitted with two extra 
slide rests on each of which an emery wheel is mounted. 
The emery wheels are driven by belts from an overhead 
shaft, and their spindles are set parallel to the surfaces of 
the tyres, the slides which carry them being at the same 
inclination. By means of the arrangement of levers and 
links shown clearly in Fig. 3, an automatic alternative 
lateral traverse is given to the slides ou which the emery 
wheels are mounted, so that the latter pass to and fro 
over the surface of the tyre and operate on the whole 
width of the tread as the wheels rotate. As shown in 
Figs. 1 and 3 a slow inward feed is also given automati- 
cally. 

The wheels under treatment make one revolution per 
minute and. the emery wheels 800 revolutions per minute. 
The time occupied in re-dressing a pair of hard tyres is 
stated to be 2 days 3 hours—rather long—and the cost is 
as follows: 


s. d. 
Labour se ote on eee ove 2 9. 
Renewal of emery wheels eee ion 0 3.12 
General charges (40 per cent. of labour) 1 14 

4 2,16 


This cost appears rather heavy, but the company state 
that it is well compensated for by the saving in the 
quantity of material which it is necessary to take off 
by grinding to bring a tyre to shape, there being no 
necessity to take a heavy cut to “ get under the skin” as 
is the case when hard tyres are turned in the ordinary 
way. 








STEEL BRIDGES, 
On the Use of Steel in the Construction of Bridges.* 
By H. N. Maynarp, C.E., Westminster. 

THE various objections which have from time to time 
been urged against the use of steel for bridges, girders, 
roofs, and such-like structures appear to arise more from 
a want of knowledge of how to use the material than from 
any deficiency in its quality. When the engineer is able 
to specify clearly and practically what quality is required, 
the steel manufacturer is ready to meet his demands, not 
only in quality, but also in all necessary sections for econo- 
= a. : iced 

e use of steel in the large s brid built for the 
Dutch Government about the year 1867 should show that it 
may be employed with some confidence, as it has there stood 
the test of time under a daily railway traffic or a 
strain of about 9 tons per square inch of section. The 
quality specified by the engineer for these bridges was such 
as should bend cold, or at a temperature of 104 deg. Fabr., 
till two extremities over the whole length were parallel 
at a distance equal to the thickness of the bar, the fracture 
to show homogeneous texture, as well to the colour as of 
a uniform and tight grain ; a piece was also to be broken, 
to be hardened by immersion only in pure water ; the sur- 
face of the fracture, after being polished, was required to 
show a perfectly equal texture without any spots of colour. 
Plates were to be bent cold to a apliniie section of a 
diameter of 5 ft., and the resistance of tension without 
tearing or breaking during 15 minutes of a load of 36} tons 
per square inch of section. 

Modern specifications of the quality required are some- 
what different to the foregoing, and require that all plates, 
bars, and angles are to be of uniform quality and free from 
cracks, blisters, laminations, &c.; strips cut lengthwise or 
crosswise of the plates to have an ultimate tensile strength 








* Paper read before the Iron and Steel Institute. 
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of not less than 26 tons, and not exceeding 30 tons per 
square inch of section, with an elongation of 20 per cent. 
in a length of 8in. Strips cut lengthwise off the plate 
1} in. wide, heated uniformly to a low cherry-red and 
cooled in water of 82 deg. Fahr., are Mi: to stand 
bending ina rr to a curve of which the inner radius is 
one and a half times the thickness of the plates tested. 
The strips are to be cut ina planing machine, and are to 
have the sharp edges taken off. The ductility of eve 
plate is to be ascertained by the application of one or both 
of these tests to the shavings, or by bending them cold 
with the hammer. 

In my practice I have found it best to specify, in regard 
to the resistance of steel, that it shall be from 36 to 41 tons 
per square inch in tension, with a contraction of area 
between 35 and 45 per cent., and elongation of 15 per cent. 
in 8 in., and that it shall bear punching a in. diameter 
hole in. from edge without injury. 

Working upon this specification, the results are verified 
by the following seven examples taken from inspection 


reports : 

Ko. 1 Test.—3 in. by 3 in. by #in. Breaking strain per 
square inch, 41.095 tons. Reduction of area, 

43 per cent. ; elongation in 8 in., 1} in. 
No. 2 Test.—4 in. by 3in. by # in. Breaking strain per 
square inch, 39.304 tons. Reduction of area, 

r cent. ; elongation in 8 in., 1§ in. 
No. 3 Test-—8 in. by in. bar. Breaking strain per 
squrre inch, 40.469 tons. Reduction of 
area, 34 per cent.; elongation in 8 in., 


1,3, in. 

No. 4 Test.—8 in. by yin. bar. Breaking strain per 
square inch, 38.125 tons. Reduction of 
area, 34 per cent.; elongation in 8 in., 1} in. 

No. 5 Test.—7 in. by } in. bar. Breaking strain per 
square inch, 38.379 tons. Reduction of 
area, 52 per cent. ; elongation in 8in., 1} in 

No. 6 Test.— Plate 7, in. thick. Strain per square inch, 
38.006 tons. Reduction of area, 46 per 
cent. ; elongation in 8 in., 1}4 in. 

No. 7 Test.—Plate 4} in. thick. Strain per square inch, 
39.400 tons. Reduction of area, 45 per 
cent. ; elongation in 8 in., 1}? in. 

Tested punching, and found satisfactory results. 

Such material may be fairly used at a much higher strain 

than that hitherto used for iron. 

For bridges of large span —that is, anything over 200 ft. 
—lightness is one of the first and most important considera- 
tions, as the greatest part of the strength of the material 
is required to support its own weight without any additional 
load passing over it ; whereas for smaller spans this con- 
sideration is of less importance, but other reasons for light- 
ness arise, such as the cost of freight, transport, and fixing 
when required for India, Africa, and other countries where 
the cost of these is heavy. 

Since the President of the Iron and Steel Institute 
brought the subject of the use of steel in bridges promi- 
nently before its members in the year 1875, some of the 
obstacles I pointed out at that time as presenting them- 
selves to its use in this country, Iam glad to say, have 
been partially removed. Amongst these may be specially 
mentioned the fact that the Board of Trade has admitted 
the superiority of steel by allowing it to be used in bridges 
under a somewhat higher strain than iron, and so far this 
appears to be a movement in the right direction ; but there 
is other work yet to be done, namely, to show the way to 
use it economically in order to increase its application to 
bridges and other similar structures. 

I will, therefore, endeavour to show the way I have suc- 
ceeded in producing what may be called composite steel 
bridges with very satisfactory results. 

After having made a design for an iron bridge, allowing 
therein for safety the usual margin of strength, it does not 
follow, if you take steel at less than double the price of 
iron and capable of bearing double the. strain that iron 
bears— haying the same margin for safety—that you obtain 
a cheaper structure, because the steel cannot be used 
throughout at half the thickness of the former, on account 
of the risk of some parts buckling and of corrosion rapidly 
destroying such thin sections as this would necessitate ; 
but, with a suitable combination of steel and other material, 
a structure far cheaper than all iron or all steel is obtained. 
To explain how this is done I may refer to the diagram 
and sections. The principal part of this drawing repre- 
sents the outline of a girder of the Warren type, for a 
bridge 120 ft. span with a road at the bottom of the girder. 
This is caleulated for a moving load of 14 tons per foot-run, 
and with 40 tons for its own weight, having the proportion 
of depth to length as 12to 1. The calculation for strains 
on the flanges of such a girder will be : 


Tons. 
120 x 1}... = ove = 180 
Its own weight = 40 
Total 220 


distributed over a pair of girders, or 110 tons over one 
girder, giving strain at centre 
— W-L_110 x 120_ 165 tons; 
8.d 8x10 

and at point No. 5, 160 tons; at No. 4, 146} tons; at 
No. 3, 123} tons ; at No. 2, 914 tons ; and at end, 50 tons. 

And using for iron the Board of Trade data of 4 tons per 
square inch of section, we have the sectional area required 
at the centre, 4] in. ; at point No. 5, 40 in. ; and so on to 
the end, where only 12} in. are required. 

Constructing this girder in the usual way, we adopt a 
form of the top flange calculated to resist compression, and 





it gives at the centre a section somewhat like that mark 
A, made of top plate 24 in. by 1 in., two sides of 12 in. 
+ in., and two angles equal to 5 square inches, giving in 


the required 41 square inches of sectional area. 
If, now, we deal with the end section, or that required at 
point marked No. 1, and build a section that will join on 








to the ends of the former, it must be sha; 
and the thickness only must vary ; thi 

a section. like B, which has the top plate onl 
and the sides and angles of } in. thick, producing the re- 
quired sectional area of 12}in. These thicknesses are, 
however, too small in practice, and it therefore becomes 
necessary to use a section like C, which has }', in. plate on 
the top, and the other parts } in. thick, making together a 
sectional area of 20.7 in., or 8.2 in. of section more than is 
required. 

We proceed in a similar way to build with steel, having, 
say, double the strength, or 8 tons, as the data, instead of 
4 tons for iron, at the centre we make a section, instead of 
that marked A, using the same external dimensions, but 
half the thickness, without any practical difficulty; but 
when we come towards the ends of the girder, the strain 
requires a section somewhat less than § in. thickness, and 
therefore becomes practically useless, so that we are under 
the necessity of adopting the most practical section, and 
this brings us again to section C, containing 20.7 in. of 
area where only 6} in. are required, the latter being 14 in. 
in excess of what is necessaryto meet the strain at that 


part. 

Therefore, while suitable steel remains at a much higher 
price per ton than iron, there is a disadvantage in using 
all steel in such a bridge on the score of economy. 

In order to overcome this difficulty, I have recently con- 
structed steel bridges, having a combination of materials as 
above described so arranged as to meet the strains and give 
the desired results in the following manner : The propor- 
tion of steel being about half the total weight, placed 
in the positions shown in red on the diagram, the 
remainder being made up of the best Lowmoor or York- 
shire iron, shown in blue, and capable of bearing a slightly 
increased strain over that of ordinary iron, whilst the ordi- 
nary iron capable of bearing 22 tons per square inch of 
section is that shown coloured yellow—the result being less 
costly than either all iron or all steel. 

The strains being the same as those above referred to, in 
lieu of section A we havea section of steel like D for the 
centre of the top flange, composed of top plate 16 in. by fin., 
vertical plate 10 in. 7 4in., and angles equal 44 square 
inches, making in all 20.75 in. of sectional area, and 
having a strain of between 7 and 8 tons per square inch, 
and with the end section of ordinary ‘iron at about 4 tons 
per square inch, built as shown by section marked E, 
the iron being # in. thick, giving 13.25 square inches of 
area—the intermediate portion being similar inform to 
the end section, slightly increased in section, and of the 
higher quality of iron, so that I keep almost a uniform 
thickness of section throughout the top flange, varying the 
quality of material so that every part is ‘proportioned 
almost exactly to the strain it has to bear, and there is 
therefore no waste of material. The result may be stated 
as follows : 

The usual weight of metal for an iron bridge for carry- 
ing a single line of railway 130 ft. span, having the road- 
way on top of the girders, taking the moving load at 14 
tons per foot-run, and adopting the same data for strain as 
that used by the Board of Trade—namely, 5 tons per square 
inch in tension and 4 tona per square inch in compression— 
is 73 tons, and if the roadway is at the bottom of the girders, 
it is 80 tons. Ifthis bridge is all steel, and made on the 
usual basis for steel bridges, it takes 59 tons. 

The cost of a bridge of 59 tons, all steel, at the present 
price of, say, 201. per ton, is 11801. 

The cost of the 73-tons bridge, all iron, at the present 
price of 121. per ton, is 8161. 

The cost of the composite arrangement, with 40 tons, at 
17/. 10s. per ton, is 7001. 

Inaddition to the saving in cost at the works in this 
country, there arises from the saving in weight a gain of 
nearly 30 per cent. of the cost of freight, transport, and 
fixing. To show how important a matter the saving in 
weight is, I may mention that I lately paid a visit to the 
interior of South Africa, where I had sent about 1500 tons 
of bridgework, and had to erect it. This was just at the 
outbreak of the Kaffir war, and the materials had to pass 
through that part of the country to a point about 1000 miles 
northwards from the Cape of Good Hope. The cost of 
inland transport alone for a large portion of the material 
used was 281. per ton, so that a saving of every ton in 
this instance represented a saving in cost of transport 
alone to the amount named. This may eupess a high price 
to pay for transport, and it is now perhaps reduced to 
about one-half, but when it is understood that for a con- 
siderable part of the way no made roads exist, and much 
time is taken up (sometimes months), and many oxen 
lost on the way, itis not so extraordinary. To give you 
some idea of this, I may mention that a delay took place in 
the arrival of a wagon, with material urgently wanted, 
which had been despatched from the coast to the site of a 
proposed bridge. happened to inquire of the man in 
charge of the ox-wagon as to the cause of the delay. He 
answered that the passing of.a wheel over a stone caused 
some of the pieces of iron to fall off the wagon, the floor of 
which was about 7 ft. from the ground, and et by ce too 
heavy to lift again. This reply caused me to press the inquiry 
further, as I feared something had been lefton the way, 
and he then said they had dug a hole large enough for the 
wagon to go in level with the ground, into which the wagon 
was drawn, and the oxen, attached to the fallen pieces, 
dragged them on again, this operation occupying several 
days. The wagon then proceeded as usual. 


Tramways AT BREMEN.—The city of Bremen is being 
provided with tramways to meet the pressing oxaanees of 
the traffic. The tramways consist of two distinct lines, the 


to correspond, 
ore, We arrive at 
ts s" thick, 








ed | one running from the extreme west to east of the town, 


whilst the other, starting from the cathedral, forms a link 

line to serve the central locomotion. They extend ten miles 

in length, and are being laid on the Aldred and Spielmann 

— by ag Spielmann and Co. The rail used weighs 
. per yard, 








a TRON AND MILD STEEL.* 
‘upplementary Paper on the Mechanical Properties o 
Iron and Mild Steel. “< v 
: _ By Mr. Dante Apamson. 

Ir is stated in my on the mechanical and other 
properties of iron and mild steel,+ read at the last caine 
in Paris, and recorded on 392 and 398 in ‘the J 
of the Institute for 1878, That drilled plates carry a some- 
what higher tensile strain through the line of hole, as a 
rule, in pro rtion to the sectional area of the metal left, 
than a solid section of plate ; no doubt, the circle of holes 
supporting the smallest section through their centre line.” 

urther investigation has proved the truth of this state- 
ment ; but such must be received with considerable qualifi- 
cation, as from a series of experiments to more fi prove 
up this subject, it will be found that the strength 
rated plates cannot be depended upon in proportion agi 
sectional area of metal left, but the c and di- 
mensions of the holes may be so varied as to give increased 
strength to the metal in proportion to its sectional area, 
or seriously damage the carrying power depending upon 
the proportions. 

To comprehend this position it will be necessary to look 
at the subject from another point of view, which the writer 
calls the flow of force and the velocity of strain. This can 
be illustrated by experimenting on a ductile metal plate or 
bar having a drilled hole in the centre, and the strength 
of such of the remaining metal compared with an equiva- 
lent sectional area of solid metal; when the plate or of 
the same width has been tested, having two halve through 
it of half the diameter, it would leave the same amount of 
metal exactly to be experimented upon. 
.. To consider the strength of the bar with one hole through 
it, in the first place, the continuity of the line force being 
cut off through the centre line, the adjacent metal has an 
increased ] thrown upon it, beginning at the near side 
or from each side of the hole, while it loses its force as it 
arrives at the outer edge. 

_ Comparing this with the bar that has two holes, the con- 
tinuity of the line of force having been broken at two sepa- 
rate places, but to only half the extent, throws the force 
due to the broken line upon the edges of both holes, or four 
portions of the metal instead of two, as before; hence the 
metal adjoining the holes only has half the amount of surplus 
work to resist, as the two holes throw the strain on the four 
ee ree instead of the two, as with the single hole. 

t might be presumed that the carrying power of the 
sectional area of the resulting metal in both cases would be 
to carry a larger amount of strain than was due to a parallel 
bar or plate, as the length of the specimens might fairly be 
considered, at first sight, only equal to the diameter of the 
respective holes. No doubt this would be so if the force 
passing through the material could be equally distributed on 
every portion of its section ; but as the flow would appear 
to pass in straight lines, and cannot be led off easily at a 
tangent, any operation destroying the continuity of the flow 
interferes with the carrying power of the metal. 

In dealing with very ductile metal, such as mild steel or 
ingot iron, this interruption of the flow of force is not so 
disastrous as in the stron: materials, inasmuch as tlie 
mild metal, having great ductility, is enabled to adapt itself 
by the elongation of that portion which takes the greater 
strain, due to the broken line, and is thereby able to carry a 
comparatively full load, due to the sectional area of the 
metal. On the other hand, when the material is of a strong and 
brittle character, with limited ductility, the case is widely 
different, as the first portion of the metal nearest to the 
broken line of force receives an undue measure of strain, and 
comparatively breaks down *‘ piecemeal,’’ with a curr: in; 
a much less than is due to the sectional area left ; an 

ence great disappointment may arise in employing strong 
metals that have no self-adapting power to meet the un- 
fortunate contingency of mis‘ application. 

To illustrate by actual experiments these general con- 
ditions put forth, attention may be called to the carrying 
power of a bar or plate, as shown by Fig. 1 (see next page), 
having the flow of force interrupted by one centre hole 
drilled through the metal, The area through the solid 
bar, at the narrowest portion being equalto that of the wider 
pert, having the hole taken out, and being one square inch, 
n the solid bar, permanent set was induced with 19.64 tons 
per square inch, carrying a maximum load of 29.46 tons. 

Fig. 2 failing at the hole, permanent set was induced at 
18.75 tons, or 4.6 cent. less’*than the solid material, and 
broke down —as illustrated f:0m the centre.of the hole ont- 
ward, as shown in Fig. 2—with 27.0 tons, or a loss on the 
stre of the standard of 8.35 per cent. Specimen pro- 


duced. 

Figs. 8 and 4 are illustrative of the same conditions and 
of the same principle, but brought into practical applica- 
tion by baving a turned pin slightly driven in the hole to 
make it solid before testing. This pin increased the carry- 
ing power before permanent set was induced to the same 
value as the standard or 16.94 tons, and ultimately fail-d 
with the gross load of 28.57 tons, only losing 8.1 per cent. 
of its original strength, showing an increase of carrying 
power over the unsupported hole of 5.25 per cent. 

The , as Fig. 8, had transverse Jines. marked 
upon it, lin. tr The flow of force will be observed ¥4 
the geo: ical disturbance of the transverse lines on Fig. 
which subject will be referred to further on. Passing on 
to Fig. 7, the specimens being from the same material and 
of the same composition as Figs. 1, 2, 3, and 4: in this 
case, the spailinial anch through the line of two holes was 
the same as through the solid bar, which took a permanent 
set exactly the same as the “lean standard, 19.64 tons, 
Fig. 1, and broke down with 29.01 tons per square inch, 
as near as possible the exact strength of that class of 

. Specimen produced, Fig. 7. 

It will be manifest from ‘that the 

strength of the material, through the two holes in Fig. 7, 


* Paper read before the Iron jute. 
+ Seo alan ENGINEERING, vol. xxrvi., pp. 239, 883, 404. 
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i b ter, and interferes less with the flow of force, 
ieuenpeed with Fig. 2, having one hole twice the dia- 


The character of the rupture in Fig. 2 of the unbroken 
specimen shows how the metal at each side of the single 
hole had to resist the force put upon the bar, and illustrates 
how destruction came about. so F 

Figs. 5 and 6 illustrate the same principle of increased 
strength th h line of two holes compared with the solid 
metal of a hard class of bridge steel. The standard strength 
of the material per sectional inch of Figs. 5 and 6 to produce 
permanent set may be taken at 39} tons, and its maximum 

ing rower at 63.7 tons. 
he increased carrying power through the line of holes no 
doubt is due to the smallness of the diameter and the support 
received from the circle, as in several experiments rupture 
has always taken place through the solid bar that remained 
parallel over 5in. or 6 in., the same as in this case. : 

Figs. 8 and 9 are to illustrate the same principle with 

the apphecation of common low-cluss wrought-iron plate 


ee 





eo 


Fy. 1, 

















tested what is usually termed across the grain, and 
having a low carrying power of about 17 tons per sectional 


inch. 

It will be seen in this case that the same reduction of 
arises from the one hole cutting off or in- 
terrupting the flow of force. is material, being —_ 

slightly ductile, broke down through the line of hole wit 
lees force than the solid bar which is shown over the parallel 
having the same sectional area, although broken off 
rom the centre line of the plate to the outer edge on one 
side, and somewhat ey at the other. This latter 
arose from the rupture taking place through the hole 
in the transverse centre line, the material breaking down 
as it were “‘ pi f 





Fig. 9 having the @xact proportion through the parallel 

rt of the plate, amd the same sectional area through the 
ine of holes, as Fig. 8, further corroborating that in the 
commonest the principle as before explained is 
fully borne out. 

In both cases permanent set was produced with the same 
weight, 154 tons per square i Fig. 8 broke down with 
a total force of 17.41 tons, while Fig. 9 carried through the 
solid portion 19.642 tons, or carrying 134 per cent. more in 
the solid plate than through the line of one hole, and it 
may be estimated that to produce rupture through the line 
of two holes would require about 7 per cent. more, making 
a total gain of strength of 20 per cent. in favour of the two 
holes by a less interruption of the flow of force at one 


t. 
PeThis subject will be better understood by pursuing it in 
accordance with the experiments of Figs. 10 and 11, the 
as rp Bn 1 to produce destruction through 

line of holes in both cases. The material being of a 
mild Bessemer steel class, and very ductile, as the analysis 
—having the same figure reference—vill show; and, in 
testing a piece of this plate as a standard, it was found to 
require 19.64 tons to produce permanent set, and carried a 


um load of 29.46 tons per square inch, but as the 
area through the has not been reduced to the sectional 
area through the hole, the i ts will illustrate what 


plates having been marked a yy tea 
ving ‘ore 

upon with parallel lines } in. apart longitu 
This was done with a view that the specimens when 


pulled asunder might show by the rtions 
UPithe fines the in fiomeses’ had in operation over 


ted 
ly and 


its entire surface on every point of the plate, and which 
furt' ] dndundiien anmne tose 
the elongation through the centre of the 


it. 
hole, Fig. 10, 





was equal to 48 per cent., while at the outer edge in the 
same distance it only equalled 22 per cent. ‘ 

The length of this specimen may be considered the 
original diameter of the hole, and to produce permanent set 
required 20.379 tons, or 3.7 per cent. more than was carried 
by the standard specimen over 10 in. in length, but ulti- 
mately only carried 27.522 tons, or 6.6 per cent. less than 
carried by the standard. 

Pursuing the investigation with this same metal, speci- 
men Fig. 11, uired to produce a permanent set through 
the line of two holes, 22.611 tons, being an increase of 
15.1 per cent. over the standard, and to produce rupture 
required a total force of 30.357 tons, or plus 3 per cent. 
than to break down the same sectional area of metal when 
in a plain bar 10 in. long. The elongation through centre 
of holes equals 66 per cent. of the diameter, while at the 


edges and middle of plate it only amounted to 29 per cent. 
he difference in the carrying power throngh the line of 

single and double holes, with the same sectional area, is 

again in favour of the two holes by 9.6 per cont., and this 





power of adaptation from the elongation. The higher th, 
class, and the stro the wg sooner in ae a 
it breaks down, and greater the disappointment will be in 
its carrying power. 

It would appear that to use the highest class of strong 
steel for any structural purpose, the joining or attaching of 
the material should be done with the greatest care and 
order, and that the pins, bolts, or rivets should be of small 
diameter, with increased number, so that the distribution 
of the force through the remaining material may be as 
uniform as practicable to secure the greatest strength and 
durability of the metals. 

The need of taking cognisance of this will be more 
necessary where the sectional areas of metals change 
suddenly for special purposes of construction, as any sudden 
increase of strength—not being in the line of flow—will not 
yield up much assistance to the metal that receives the first 
and the highest strain, and, on the other hand, any abrupt 
diminution of sectional area and loss of strength will be 
highly injurious. Perhaps the most unfortunate practical 











































may be taken as the smallest difference that can arise from 
the great ductility and self-adapting power of the metal 
itself ; and when comparing these results with further in- 
vestigations on a stronger class of bridge steel, it will be 
found that there is much less risk in the use of the mild 
ductile metal, as compared with the stronger steels, by dis- 
turbing or breaking the continuity of the flow of force. 

On investigating the endurance of a strong bridge steel, 
a marked difference is found to arise in the carrying power 
of a sectional inch of metal, as the flow of force is more or 
less interrupted. 

Again, examining the endurance of a plate with one hole 
through it, as per Fig. 12, and compare it with the standard 
test bar, which. required 41.8 tons to produce permanent 
set, and broke down with a full load of 58.704 tons per 


illustration of this matter is to be found both in the in- 
crease and diminution of longitudinal strength of a built-up 
coiled gan, and such a system, in the estimation of the 
writer, requires to be reconsidered, and a great revision of 
construction adopted both in the selection of the materials 


and their detailed application. 

The metal that possesses the greatest self-adapting power 
from its ductility and strength to meet all sudden accumu- 
lations of force or diminutions of strain arising from explo- 
sive force, steady or irregular mechanical action, or vari- 
able temperature, must be the metal, in some form, most 
suitable for-guns of all classes. 

It is due to the metallurgists and the manufacturers of 
steel that when a metal for any special purpose and strength 
is required, that the constructive engineer should use all 





square inch. The specimen Fig. 12 took per t set 
with 35.41 tons, carrying less in this particular than the 
standard bar by 15.4 per cent-, and ultimately broke down 
with 56.941 tons, or only equal to a loss of 3.1 per cent. 


on the standard. , 
The same strong metal, Fig. 13, with two holes, required 
46.874 tons to produce permanent set, or carried more than 


the standard by 12 per cent., and 27.4 per cent. more than 
the plate with the single hole at that point. To produce 
rupture 65.624 tons was required per square inch of section, 
being a surplus of 11.7 per cent. above the standard, or 
148 per cent. above the plate with one hole. 

These two specimens—12 and 13—do not show much 
— distortion, as they broke down suddenly at the 

ull weight and with no warning. 

On comparing the conditions arising from these investi- 

tions, it would appear to be of the greatest importance 
that the coupling of bars or plates of strong m should 
not be with ins or bolts a great distance apart, as a 
large proportion of the strength of the metal having been 


lost with perforated, it becomes a question of serious 
import not to have the holes large, as the hole cuts 
off such a proportion of the flow of force that otherwise 


should have passed in a direct line through it, and is thrown 





on this strong, hard material, without in itself having any 





yen le means in making the selection, and in proper appli- 
cation. 

The mechanical endurance of the metals that have been 
referred to, together with an examination as to their com- 
position, must more fully tend to establish the great truth, 
that a full investigation into all the properties of iron and 
steel is indispensable if a proper selection and application 
is to be made. ‘Chis point can be well illustra y com- 
paring the mechanical endurance of the low-class iron plates 
referred to in this paper with the very mild ductile steel 
that has also been tested, and when comparing the com- 
position of the ductile mild steel or ingot iron with the 
stronger class of bridge steel also experimented upon, it will 
be manifest that, without a knowledge of the composition 
of the materials, it is useless to attempt to make a proper 
selection. : 

In comparing the two latter metals in composition with 
the mechanical powers of endurance, we n not be sur- 
prised that the application may often have brought discredit 
unbecomingly upon a material that had been applied to a 
P for which it was unsuitable. ? 

e Bessemer class of mild steel—as per Figs. 2, 4, 7, 
and 10— be put down as not taking any permanent set 
so nell it of 19 tons per square inch, and requires 29 tons 


it asunder with great elongation. 
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THE MECHANICAL AND OTHER PROPERTIES OF IRON AND MILD STEEL. 
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§ : indui Strain per 2 mt o' 
Size of Specimen. per Square | Square Inch. 2 ee a 5 | Blonga- 
Inch. § I ‘S| tion. 
a nch, a 
ph te|— 
ae z| § REMARKS. 
MATERIAL Ga g 7 
&& | © : P 
<| Ss a\ 2 gis| gf | 
4 As] c 
F fe) dla |G 
; < : ; 3s : -|3 | 3 j 
; gi ble |.lalf. Gas. bg] (aa2|é : .|& ; 
: ei2|/ 8] 18) @ | a] 8 | 8 isl 2 18 lelsialelsie | 3 gi/gi¢e|/el4 €-léls 
cis > je € = - a 
5 2/2 al} @ |e | & |e feel & |e eeigjels) |] s |e) !e)2|2)8) 2) & lee 
i ~ - se Ss -_ 
a S|a!| a |< fe] & & 4 A ia 4 8 iSlAlala ls] g = 1/8 |e 182181818 [25 
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aed , ae os nee ae ee a Ce eee Be ESE Hey * Sac 
2| A |Plate steel,../10/2.5 | 04 [1,0 42,000 |18.75 | 60,500 |27.00 vee [ese] soe |oe./99.374] 0.090] 0.454 |Trace | 0.049 | 0.033 ..|A |Bessemer class 
of mild steel. 
4 B |Plate steel...)10)2.5 | 0.4 [1.0 .| 44,000 |19.64 64,000 | 28.57 os aa a 99.374 | 0.090] 0.454 |Trace | 0.049 0,033 B |Bessemer class 
of mild steel. 
6 | C {Plate steel...)10/2.5 | 0.44 (11 -| 88,636 139.56 | 145,454 [64.93 141,818 | 63.60 |., ace, fees ../98.213| 0.420} 1.220 | 0.074] 0.025/ 0,048 | Trace -- |C |Bessemer class 
| | of bridge steel. 
7 | D |Plate steel...)10/2.5 | 0.4 oa -| 44,000 |19.64 65,000 |29.01 58,000 | 25.89 |...) ... o| eve coe] 00s jeee 99,374} 0,090} 0,454 |Trace | 0.049/ 0,033 D|Bessemer class 
of mild steel. 
8 E |Plate iron...|10)4.0 | 0.375 |15 |...| 34,666 [15.475] 39,500 |17.41 |... | cee | cee [ewe] coe | | cee foes] wee | = E |Common quality 
| | iron. 
9 | F |Plateiron.../10/4.0 | 0.375 |15 “| 35,333 |15.773| 44,000 |19.642 ooo | eee] eee .|F |Common quality 
| iron. 

10 | @ | Plate steel.../10)4.0 | 0.875 |1.5 .| 45,600 |20.379| 61 659 [27.522 occ eve] cos Ry, hai . 199.3874 | 0,090] 0,454| Trace} 0.049| 0.033 .. |@|Bessemer class 
| | of mild steel, 
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| of bridge steel. 
13 | K |Plate steel. |10|4.37| 0.27 /1.18]...|105,000 |46 874 | 147,000 | 55.624) ... | ceo | ° .. /98.213 | 0,420] 1.220] 0.074] 0,025} 0.048 |Trace |...|...|...|K |Bessemer class 
\ of bridge steel. 
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This metal in composition may be said to contain a tenth 
of a per cent. of carbon, barely a half per cent. of man- 
ganese, with little or no silicon, and a small measure of 
sulphur and phosphorus. 

_ Then compare these mechanical results with the composi- 

tion and with the endurance of the stronger class of 
Bessemer bridge steel—as per Figs. 6, 12, and 13—when 
we get the surprising oak that it takes 41.8 tons to 
produce permanent set, breaking down with 58.704 tons 
per square inch, it being a fact that the manent set is 
three tons over double the amount required to produce 
permanent set on the mild ductile metal, and rather more 
than double the amount per sectional inch to pull it 
asunder. 

Not the least surprising portion of this matter is that this 
strong bridge metal contains bare half per cent. of carbon, 
1} per cent. of manganese, and .074 of silicon, with a small 
measure of sulphur and p osphorus. 

The enormous difference in the mechanical properties 
compared with the composition, and these facts taken 
together with the endurance of a common iron plate, where 


permanent set is induced at 15 tons, and down at 
— 174 a per square inch. 

ore need not be said, nor no stronger argument can be 
used, that the metals adopted for any special purpose must 


pda it were (as stated in my paper) by natural selec- 








Probably further 
uired before 








investigation into the flow of force may 
be req the constructor can use with safety the 
very highest class of steel, that hitherto has only been ap- 
plied for tool-cutting purposes ; but the writer is im 


pressed 
that, with larger experience and careful application, the 





strongest metals could often be applied with advantage to 
set aside the poorer class of common irons. 

Coley the results of the mechanical and chemical 
properties of the various metals, no other conclu-ion can be 
arrived at but that, for every practical purpose, amongst 
some of the classes of Bessemer and Martin-Siemens, ductile 
and strong metals may be got to far exceed any wrought 
iron that has ever been made, and greater security attained 
for every class of work to be done, and, in very many cases, 
at a much less cost; and such is the writer’s experience 
after having used, more especially, the mild class of steel 
over the last twenty-one years, and having, at least, tested 
4 to forty thousand specimens of steel suitable for boiler 
plates. 





Coxz 1n CoLoRADO.—An important industry, the manu- 
facture of coke, is gaining a foothold in Colorado. 
Hitherto the smelting establishments of the Rocky Moun- 
tains have been dependent in a large measure upon the 
Connellsville district for their supplies, the cost for freight 
running up the price to such — that some industries, 
notably the smelting of lead silver ores, was seriously 
crippled. Seventy ovens for the manufacture of coke are, 
however, now in operation at the coal banks near Trinidad 
and El Moro. snaee Wil So Cee ae ent a 
May. This is but nucleus of what promises to be an 
extensive business. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLEsBRouGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the market was 
quieter. Pig iron makers quoted No. 3, 39s. per ton, and 
merchants offered the same quality at 38s. 6d. per ton. In 
the hope of the Durham pitmen’s strike terminating early, 
buyers held off. Messrs. Connal and Co., of Middlesbrough 
and Glasgow have a stock of 84,670 tons at Middlesbrough. 
Their warrants are nominally quoted the same as last week, 
viz., 38s. 6d. and 39s. per ton No. 3f.o.b. There is no 
iron being sent into store just now, and a little is being 
sent out. At Glasgow, Messrs. Connal and Co. have a 
stock of 255,000 tons. 


The Cleveland Ironmasters’ Association Returns.— 
Unusual interest centres in the official returns of the 
Cleveland ironmasters for the past month, owing to the 
number of furnaces damped down since the beginning of 
the pitmen’s strike, which entirely alters the productive 
power of the district. 


Messrs. Bolckow, Vaughan, and Co.—This company are 
to take sion of the South Bank blast furnaces, Eston, 
Middlesbrough, on Saturday. These furnaces it will be 
recollected, were the property of Mr. Thomas Vaughan, 
and have lately been worked the Weardale Iron Com- 
pany. Messrs. Bolckow, Vaughan, and Co. now are the 
owners of no fewer than 20 blast furnaces. It may be 
interesting to state that this t company are actively 
developing the steel question which is at present attracting 
the attention of everybody. a ne ey are being made 
at the Eston Steel Works for producing steel from Cleve- 
land iron on a large scale. 


Shipbuilders and Engineers.—Both shipbuilders and 
engineers are being inconvenienced for want of materials 
in consequence of the stoppage of works owing to the 
Durham strike. There is a hope that arrangements will 
soon be made which will insure a regular supply of fuel again 
from Durham. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The warrant market opened 
from last Thursday at 3d. per ton of advance, but that sum 
was subsequently lost, and the close was almost the same 
as on the previous day. There were transactions durin, 
the forenoon at 43s. 6d. to 43s. 44d. cash and at 43s. 7d. 
down to 43s. 6d. one month, the market closing with sellers 
asking the lower quotations, and buyers offering 1d per 
ton less. Inthe afternoon 43s. 3d. cash and from 43s. 6d. 
to 43s. 4}d. one month were paid, buyers remaining at the 
close at 43s. 3d. and 43s. Fa. cash and one month re- 
spectively, and sellers 1d. per ton higher. The market was 
stronger on Friday, in consequence of the appearance of 
matters in the county of Durham being considered less 
favourable to a speedy termination of the strike amongst the 
miners. Prices ran during the forenoon between 
433. 5d. and 43s. 7d. cash, and between 43s. 7d. and 
43d. 8d. one month, sellers at the close holding out for 
433. 6d. and 43s. 8d. respectively, and buyers offering 1d. 








secretary of the Amalgamated Society of Railway Engi- 
neers, on the subject of ‘‘ Continuous Railway Brakes.” 

Agricultural Implement Ezhibition.—The annual show 
of the Glasgow Agricultural Society is being held to-day on 
Glasgow Green, and will be continued to-morrow. It may 
be characterised generally as a very great success, and in 
the implement department it is especially so. There is 
scarcely a firm of any importance in connexion with the 
manufacture of agricultural implements and machinery, 
either north or south of the Tweed, whose productions are 
not well represented in the show- . Traction engines 
for farm work are exhibited both by Messrs. John Fowler 
and Co. and by Messrs. Robey and Co. There has been a 
large ~: of visitors to-day, the weather being very 

‘avourable. 


Clyde Shipbuilding Trade.—During last month there 
were twelve vessels launched on the Clyde of a total of 
8700 tons, which is the smallest amount of tonnage 
launched in the same month for a number of years, and 
very far below the average. The total launched in April, 
1878, was 22,500 tons, in April, 1875, it was 23,100 tons, 
and in April, 1873, it amounted to 27,500 tons. In no 
corresponding month during the last seven years has the 
ton launched been less than 14,400 tons till this year. 
The shipping turned out during the past four months, 
however, compares favourably with that launched in the 
same period of 1876 and 1877. It stands at about 61,600 
tons as compared with 54,800 and 55,200 tons respectively 
in the years mentioned ; but it should be stated that in the 
same period of last year the aggregate tonnage launched 
was 85,000 tons, and in the corresponding four months of 
1873 it was 92,900tons. The trade is certainly very quiet, 
and the new orders that have recently been closed are very 
few. There are said to be 67 vessels in the various stages 
of construction, whereas at the close of the month of April 
last year there were 93 vessels on the stocks. 


Failure of a Shipbuilding Firm.—I regret to have to 
state that the well-known firm of Messrs. Thomas Wingate 
and Co., shipbuilders and engineers, have found it neces- 
—7 within the last few days to suspend payments and 
call a meeting of their creditors. After the failure which 
took place several years ago, the firm underwent a recon- 
struction by the admission of a financial partner, a gentle- 
man who was understood to be very wealthy; and it is 
said that the failure on this occasion is due to his inability 
for the time to finance the business of the firm. Notwith- 
standing the dull trade of the last two or three years, the 
firm’s contracts have been much more than remunerative. 
There are at present in the yard in process of construction 
some three or four hopper barges and a steam dredger, 
such work as the firm have been celebrated for during 
many years. 








NOTES FROM THE SOUTH-WEST. 

The Severn.—On Saturday, at a meeting of the Severn 
Commissioners, Mr. Henry Marten, C.E., of London and 
Wolverhampton, was appointed engineer to the Commission, 
in the room of the late Mr. E. Leader Williams, C.E. Mr. 
Marten is largely engaged in hydraulic engineering, and is 

iated with Mr. Dowdeswell, Q.C., and Mr. Hawkesley, 





perton less. The only quotation at which b was 
done in the afternoon was 43s. 7d. cash, the market 
clo-ing with sellers at that price, and buyers at 43s. 6d. 
The final transaction was done at 4d. over that of 
Thursday, and 6d. over the closing price on the pre- 
vious Friday. There was no meeting of the iron brokers 
on ’Change on Monday, owing to the occurrence of the 
Bank Holiday. Yesterday’s market was dull, and prices, 
although not closing at their lowest, were about 5d. per ton 
under last week’s final quotations. Business was done in the 
morning at from 43s. 1jd. to 43s. 2d. cash and 43s. 4d. 
one month, closing bayers 43s. 2d. cash and 43s. 4d. one 
month, and sellers 1d. per ton over. Prices varied in the 
afternoon from 43s. 3d. to 43s. 2d. cash, the month’s price 
being 43s. -¥ one month, buyers at the close offering 
433. 2d. cash and 43s. 4d. one month, and sellers near. 
There was a steady market this forenoon, when business 
was done at 43s. 1}d. and 43s. 2d. cash, also at 43s. 4d. one 
month, closing with sellers at 432. 2$d. cash and 43s. 4}d. 
one month, buyers offering a shade less. The afternoon 
market was steady, with buyers at 43s. 2d. cash, and 
sellers asking 1d. vod ton more. The condition of affairs 
revailing in the Durham mining districts continues to kee 
he Glasgow pig-iron market in a somewhat unsettl 
state, though the fluctuations in price have latterly been 
within smaller range. For the present the market hangs 
almost entirely on the position in Durham, the price 
fluctuating with every conflicting report, and rising or 
falling according to the views formed regarding the pro- 
spects of a termination of the dispute. There is a fair 
demand for special brands of makers’ iron, chiefly, however, 
for those which are in favourin Germany. Coltness No. 1 
has been advanced in price by the makers 1s. per ton. For 
the commoner brands the demand is slack, and yet it is 
reported that there is a little more business doing in No. 3 
ig iron in order to make up for the deficient supplies from 
iddlesbrough. A farther large quintity of iron was sent 
into the warrant stores last week, the total stock with 
Messrs. Connal and Co., up till Friday night, amounting to 
253,400 tons, thus showing an increase for the week of 
4254 tons. Last week’s shipments from all Scotch ports 
amounted to 12,923 tons, as compared with 8853_ tons in 
the a week of last year. Since last Christmas 
there has been a total increase of the shipments amounting 
to upwards of 40,000 tons. 


One bi furnace has been 


damped down at Eglinton Iron Works, and the number of t 


furnaces now in actual operation is 86 as against 94 at the 
same time last year. 

Edinburgh Association of Science and Arts.—A meeting 
of this iation was held on Monday night, Mr. James 


Dunbar, president, in the chair. A discussion took place on 
the paper read ata former meeting by Mr, William Bell, 








C.E., asa statutory arbitrator under the South Stafford- 
shire Mines Drainage Acts. 


The Portishead Dock.—Water was admitted on Friday 
afternoon into this dock. The cost of this dock is expected 
to be not far short of 280,0001. Although the dock is still 
far from complete, there being no appearance of roads, 
sheds, &c., yet the work is progressing satisfactorily. An 
idea of the magnitude of the dock can be gleaned 
from a rough estimate of its dimensions. The wall outside 
the dock, extending from the outer lock gates to the pier, 
is in length about 400 ft., and the cross wall 250 ft. Each 
of the lock walls measures 560 ft., and the main dock wall 
1800 ft. At the end, near the railway station, there is a 
short wall, about 40 yards, which is being continued to a 
greater length at the bottom by an embankment of marl 
and rock. The water, when the dock is quite full, will flow 

ast this wall to the end of the village near the White 

ion Inn. The accommodation for shipping will be the 
length of the main or dock wall, while the space on the 
village side of the end wall (1250 ft.) will be used as a 
timber pond. The short wall and embankment last men- 
tioned form a toe to keep the mud outside it from flowing 
into the dock. Altogether there will be, from the lock to 
the White Lion Inn, nearly a mile of water. All the walls 
are up, the portion in the place of that which fell, only 
lacking the coping. A large part of the main wall, near 
the lock, has been levelled up with earth, but not until the 
deck is full of water will the backing or banking up of the 
other portion be proceeded with further. This will be ina 
position to be continued, however, in another day or 
two. When the earth has been levelled up to the 
top of the dock wall, rails will be laid down around 
the quay, and shedding will be erected. There are 
already several movable steam cranes available, but 
they will be increased in number, and the sheddin 
extended as required. A narrow gauge line will be lai 
around the quay; therefore, traffic will not be able to be 
carried on until the same gauge has been laid from Portis- 
head to Bristol. Little or no delay, however, is anticipated 
in consequence of this, as it is expected that the laying of 
the narrow gauge line along the railway will be commenced 
in about a week. There is no wall on the opposite or Avon 
side of the dock, but the bank has been made sloping 
gradually from the bed of the dock to the top. Should the 
raffic so increase in time to come as to necessitate more 
dock accommodation being provided, a wall similar in 
length (1800 ft.) to the one on the opposite side will be 
erected behind the now sloping embankment, and when 
finished the earth on the dock side will be removed b 
means of a . The construction of such a w 
would not interfere with the shipping. Indeed, if necessary, 








the dock could be extended to the village. A little dredgi 
will be required to be done to bring the bottom of the 

to its proper level. The dredger will enter the dock in the 
course of the present or the beginning of next week. Ag 
soon as the dock is full of water the dam (outside of which 
is about 20 ft. of sand) and the masonry which supports it 
will be removed. is will take about a fortnight to 
accomplish. The lock (which is a little deeper than the 
dock itself) is 41ft. from the bed to the top of the coping. 
The gates, two pairs, are 35 ft. in depth, but with the 
addition of the bridge they measure 42 ft. te is 
also 35 ft. in width. The gates were constructed by Messrs. 
Mandslay and Sons. They are of wrought iron with heel 
posts, clapping sills, and mitre posts of greenheart. They 
will be worked at present by hand, although machinery has 
been laid for working them by water power. 


New Bridge over the Taff.—The work of preparing the 
foundations for the new Riverside road bridge over the 
Taff at Cardiff has already been commenced. The project 
originated with the Marquis of Bute. Practically the 
bridge will be a continuation of Wood-street, and when it 
is finished the much desired ‘‘ short cut’’ to Canton will be 
a veritable fact. The plans have been drawn up by the 
architects and -— eers on the Bute estate, under the 


direction of Mr. onnochie, chief engineer, and the con- 
tract for the completion of the work been taken b 
Messrs. Handyside and Co., Derby. The structure wi 


consist of wrought iron, and will be 200ft. in length 
between the abutments. The total width will be 40 ft., of 
which each of the pavements will occupy 8ft. The bridge 
will be divided into five spans, each 40 ft. in length, and 
carried on wrought-iron girders. 

Colliers’ Wages at Dowlais.—The colliers working in 
the various pits belonging to the Dowlais Iron and Coal 
Company have consented to at once accept a reduction in 
their wages to the amount of 10 per cent. It appears that 
the proposition was made to them to take this reduction 
at the present time, by doing which they would avoid the 
necessity of having to accept a still greater reduction when 
the sliding scale has run out at the end of June. 





MARINE WorRKs IN GrEEcE.—At the request of the 
Greek minister in Paris, a captain of the French navy, an 
officer of marine artillery, an engineer of naval construction, 
and a hydraulic engineer, are about to proceed tg Greece 
~ a the subject of forming an arsenal anda graving 

ock. 





Tue Lonpon Fi1rk Brigapr.—The London fire brigade 
will shortly receive two more of Merryweather and Sons’ 
light steam fire-engines, fitted with all the recent improve- 
ments, to which we made reference in a recent number. 
These light engines appear to be very popular amongst 
brigades both at home and abroad. At Oxford, where, 
since the destruction of the Shakespeare Library, at 
Birmingham, much anxiety has been felt for the proper 
protection of the foarans famous buildings of which the 
city can boast, it has determined to provide the local 
brigade with one of them ; it having been found, on inquiry 
of many of the principal brigades of the kingdom, that 
on of this construction were remarkably free from 
liability to injury, and were equally economical as 
regarded repairs; one of them, that at Coventry, having 
cost only 11/. during seven years. The award to Messrs. 
Merryweather of two ome medals at the Paris Exhibition 
is thus confirmed by those intimately acquainted with the 
practical requirements to be observed in a successful steam 
fire-engine. 





EmPLoyreErs’ LIABILITY TO WorkmMEN.—At the quar- 
terly gf the executive council of the Amalgamated 
Society of ilway Servants, held at their offices, City- 
road, London, last Monday, representatives were present 
from Bristol, Leeds, Derby, Manchester, &c. The three 
Bills now before Parliament, dealing with employers’ 
liability to their servants for injuries sustained in their 
employment were discussed. We have already criticised 
them at pp. 197 and 361 ante. The general secretary dis- 
sected the provisions of the Bills, condemning Mr. Mac- 
donald’s as altogether impracticable. The difficulty about 
the Government Bill was the ambiguity of the words 
‘servants in authority.”’ Earl De ia Warr's Bill pro- 
vided that-whenever a company delegated authority to a 
servant, no matter what was the degree of his authority, 
and that in the execution of it the servant caused injury 
another servant, the company should be as liable as if bps 
had themselves caused the injury. That principle was ad- 
mitted in the Government Bill, but was so defined as to 
remove its usefulness. A long discussion ensued as to 
whether the Government Bill should be opposed unless the 
Attorney-Géneral would to accept amendments, or 
whether they should go into committee, and ask their 
friends in Parliament to reserve their right to oppose the 
third reading if the amendments did not meet the require- 
ments of railway servants. Eventually the Sheffield repre- 
sentative moved ‘‘ That this executive council, considering 
the Bill for compensation to workmen introduced by the 
Attorney-General on behalf of the Government, owing to 
the many definitions of a servant in authority’ contained 
therein, to be of little use and of no practical service to 
railway servants or any other workmen, calls upon all 
classes of working men to support, by petition or otherwise, 
the principle contained in the Bill introduced by Mr. 
B .’ The following resolution was also passed: 
“That while the executive council of this society are 
anxious to secure the co-operation of their fellow trades 
unionists, they cannot overlook the opposition offered them 
by the Parliamentary Committee of the Trades Union Con- 
gress, and will take the earliest opportuni! of laying a 

statement of their action in respect to the Compensa- 
tion of Workmen Bill before the various societies.” 
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NOTICES OF MEETINGS. 

INSTITUTION OF CrvtL ENGINEERS.—Tuesday, May 13th, at 8 p.m. 
Discussion upon “ Street Carriageway Pavements,” and time per- 
mitting, “The Improvement of Dublin Bar by Artificial Scour,” 
by J. P. Griffith, Assoc. Inst. C.E. 

INSTITUTION OF SURVEYORS.— Monday evening, May 12th, 
discussion on Dr. Sturge’s paper on “ The Disposal of the Sewage 
of Paris” will be resumed. e chair will be taken at 8 o'clock, 
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STEAM BOILER EXPLOSIONS. 

On the 29th ult. the House of Commons was 
asked by Mr. Burt to consider the great sacrifice of 
human life caused by boiler explosions. The debate 
that followed upon his motion was the most lengthy 
that has taken place in the House upon this subject. 
At the instance of the Home Secretary the motion 
was withdrawn, and nothing has come of it. 

Mr. Burt’s motion was of a twofold character. 
The first part recommended that engineers should 
undergo an examination as to their fitness before 
they are placed in charge of engines and boilers. 
We may say that in order to be of any use this re- 
commendation should have been extended to firemen. 
From an extensive acquaintance with engineers at 
factories and mee ig over the kingdom, we are 
inclined to doubt the wisdom of this recommenda- 
tion, as it is often quite as much a question of 
physical as of mental qualification whether the 
engineer is capable of inspecting the boilers under 
his charge. In order to tell whether a boiler is safe 
or not, it must first be examined thoroughly inside 
and out. It would add very little to the safety of 
the boilers under his charge, if, after passing a 
satisfactory examination, the engineers were unable 
to get through the flues and inside the boilers, to 
ascertain what condition they are actually in. Yet 
there are hundreds of engineers having charge of 
boilers who are too big, literally speaking, to get 
through the manholes, and there are hundreds of 


others who are physically incapacitated by age from 
et 
@ granted that the mental attain- 


making a proper examination when they do 
inside, If it 





ments are of little use without the physical ability 
to carry them into practice, all men above a certain 
weight or beyond a certain girth, and those whose 
joints are stiff or A a somewhat dimmed by age, 
should be debarred from having the charge of 
engines and boilers. Such a conclusion would 
simply amount to saying that a very large number 
of the most intelligent and experienced factory 
engineers throughout the country should at once be 
pensioned off. No doubt in some cases where the 
man is not adapted to the manhole, the manhole 
might be made to suit the man, but this has its 
limits, and the more active the man, other things 
being equal, the better is the inspection of a boiler 
likely to be carried out, The qualities required in 
a factory engineer are reliability, natural mechanical 
aptitude, powers of observation, fertility of resource, 
decision, and ‘ gumption.” So much the better if 
he has also had a good mechanical schooling, but 
schooling without the above qualities is as much out 
of place in a factory engineer as it would be in a 
locomotive driver. It is far better that a very use- 
ful class of men should be maintained in their 
present position, and that the onerous work of in- 
specting the boilers should be done by properly 
qualified independent inspectors, 

Again, there are thousands of small boilers 
in our large towns employed in miscellaneous 
trades which are worked only a few hours a 
week. It is surely not contemplated that these 
tradesmen should qualify themselves as engi- 
neers, employ a qualified engineer on the premises, 
or cease using steam. It would be extremely diffi- 
cult to show where to draw the line between the 
boilers that require a qualified engineer and those 
that do not. 

What is required of a factory engineer is very 
different from that which is required of an engineer in 
an ocean-going steamer. It is very seldom that the 
farmer has not an educated or experienced engineer 
within call in case of a breakdown or where repairs 
are wanted, but the other may be in the middle of 
the ocean or in some out-of-the-way port, and requires 
to be a host in himself, and it is only fair for those 
about him that he should have to pass a satisfactory 
examination. 

The second part of the motion stated that it is in- 
cumbent on steam users to provide for a competent 
and independent inspection of all steam boilers and to 
report to the Board of Trade or the Home Office. 

ith this part of the motion we cordially agree. 
But we cannot endorse Mr. Burt’s opinion that “ to 
allow the steam user to select his own inspector 
would be very little better than a farce.” On the 
contrary we hold that it is only by allowing this 
that compulsory inspection can ever become law in 
this country. When the inspector has to furnish a 
drawing of a boiler to scale, say to the Board of 
Trade, and certify that it is from his own actual 
measurement, state his opinion thereon, and also 
the condition of the boiler, the inspection can never 
degenerate into a farce. By allowing a steam user 
to choose his own independeut inspector we over- 
come the only valid objection there is to compulsory 
inspection, viz., that if undertaken by the Govern- 
ment or by any privileged board enjoying a monopoly 
it will retard progress in steam engineering. As to 
the oft-repeated objection that compulsory inspec- 
tion would be a tax upon the steam user, this is 
only maintained by those whose acquaintance with 
the subject is very limited. The fifteen or twenty 
shillings required for the annual inspection of each 
large boiler isin the great majority of cases far 
more than recovered by the saving in fuel consequent 
upon the proper cleaning of the boiler and flues in- 
sured by the thorough inspection, but which we are 
compelled to say is without independent inspection 
usually shirked. 

Mr. Hermon, who seconded the motion, Mr. 
Stavely Hill, and other speakers, brought forward 
the ridiculous objection that compulsory inspection 
would “lessen the responsibility of the boiler user.” 
This objection was propounded by Mr. Bramwell 
and other well-known engineers before the Select 
Committee of 1870 and ’71, with whom it appears to 
have had a considerable weight. The users of this 
objection have never offered an explanation of what 
they mean by it, and we have always regarded it as 
one of those vague phrases very plausible but very 
bewildering alike to the user and to those for whose 
benefit it has been invented. In how many of the 
hundreds of cases of explosions that have occurred 
of late years has the a been saddled 
upon the owner of the boiler? In only one or two 
perhaps. The poor fireman and the engineer have 
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in a few cases been censured, and when the accidents 
have been fatal a verdict of manslaughter has been 
brought against them. When the responsibility is 
scarcely ever placed upon the owner, how can it be 
removed from him to the inspector? But supposing 
that in future careless owners are to be more 
strictly dealt with, let us see how the responsibility 
can be removed from the user to the inspector. 
One thousand boilers are examined by an in r 
and most of them are passed as being safe, and con- 
tinue working without accident ; then in this case the 
responsibility is never even called in question. A 
few of these boilers are recommended to be 
strengthened and repaired, the recommendations are 
carried out and the boilers also continue to work 
without accident with the same result as to responsi- 
bility as before, But suppose one of these boilers 
instead of being mpeees as recommended, is allowed 
to work on in its defective state and bursts, is the 
responsibility lessened in this case? By no means, 
but is greatly increased, and fixed upon the owner 
without cavil. Suppose, again, one of the boilers is 
passed as safe by the inspector and it explodes, In 
this instance let us first assume it is proved that the 
defect was such that it could not have been detected 
by an inspector. We may conclude the boiler 
would have burst whether it was in or not, 
and in either case the responsibility would not be 
visited upon the owner. Now let us assume that 
the defect to which the explosion is due could have 
been detected, then the responsibility is shifted from 
the owner to the inspector. The question now 
arises, would the defect have been detected by any 
one else had the inspector not examined the boiler ? 
If answered in the negative, then the oversight of 
the inspector is in favour of the owner, as the respon- 
sibility is removed from him, whereas had there been 
no inspector it is doubtful whether he would have 
escaped the responsibility, If answered in the 
affirmative, then the inspection has been an evil ; 
but this is extremely unlikely to occur. It is only 
in the case of an oversight of the inspector that the 
responsibility of the user is lessened. But what 
weight should this remote objection have against 
the great general benefit of inspection? If we only 
legislate where human fallibility cannot make its 
ap nee, there will be very little legislation, 

tead of lessening ee perhaps they 
mean ‘sense of responsibility.” It would be easy 
to show that this is even more meaningless than the 
other. Sense of responsibility exists only where 
there is sense of danger, and a boiler owner has this 
brought to his notice more forcibly by the visit and 
report of the inspector. 

. Stavely Hill was in favour of having a search- 
ing examination after every explosion, and that if 
anything was found to be wrong either as to the 
competency of the men employed or as to the 
sufficiency of the machinery, the steam user should 
be held responsible. With the results of several 
inquiries fresh in our memory, especially that into 
the cause of the boiler explosion on board the 
Thunderer, where there wag such an obvious desire 
shown to avoid attaching the blame to any one, we 
cannot expect much good to result from such 
inquiries. 

r. I. L. Bell said that cases had occurred in 
which boilers had exploded immediately after having 
been inspected and pronounced safe, Unfortunately 
this speaker did not mention the kind of boilers 
which had thus a In deprecating the 
value of inspection, Mr. Bell had probably in his 
mind the inadequacy of inspection to prevent the 
transverse seam rips that are of daily occurrence in 
the long egg-ended boilers in the Cleveland district, 
which sometimes result in disastrous explosion, We 
grant that no ordinary amount of care will always 
prevent the occurrence of these seam rips as long as 
these boilers, from 50ft. to 80ft. in length, are 
made to lift up nearly 2in. at the end by the in- 
tense heat underneath. Before long, however, 
these long boilers in the iron districts will make way 
for boilers of less barbarous construction, as the 
shorter egg-ended boilers at the collieries are rapidly 
making room for boilers of the Lancashire and 
Cornish types. 

We need not follow the unsatisfactory debate 
further than to mention that some of the speakers 
who disapproved of compulsory inspection admitted 


the great good that has been done by the Man- 
chester Steam Users’ Association. We are surprised 
that it never occurred to these gentlemen that com- 

ulsory inspection, leaving the steam user to choose 
his own inspector, will have the effect of multiplying 
such associations, and consequently of multiplying 
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and extending the good results of their labours all 
over the country. For evidence of this we have 
only to look at the effect of compulsory inspection 
in Germany under the new law. We do not expect 
that compulsory inspection will ever do away en- 
tirely with explosions, but it will greatly reduce 
their number and the sacrifice of human life and 
wreck of property ; it will also be a national benefit 
in effecting a considerable economy in the genera- 
tion and use of steam. 


IRON AND STEEL INSTITUTE. 

Tue meetings of the Iron and Steel Institute 
commenced on Wednesday last in the hall of the 
Institute of Civil Engineers in Great George-street, 
and the first day’s proceedings were of more than 
usual interest. e idency of Dr. Siemens 
having come to an wl he delivered a short vale- 
dictory address reminding the Institute of the 
successful meetings that had been held at Newcastle 
and in Paris during the period of his presidency, 
and gave figures showing the position to which the 
Institute has attained during the ten years of its 
existence. He stated that when he assumed the chair 
the number of members was 946, and that at the 
present time it was 941, but added that there were 
candidates on the register amounting to 50, so that 
by the time the Institute completed its ten years’ 
existence it would probably number 1000 members. 
He also alluded to the great loss the Institute had 
experienced in the death of the foreign secre- 
tary, Mr. Forbes, and the general secretary, Mr. 
Jones. The chair was then taken by the new 
President, Mr. Edward Williams, of Middlesbrough, 
who read avery able and lucid address (which we 
print on page 400) devoted mainly to a historical 
sketch of the steel trade, or rather to that branch 
of it which relates to “steel in bulk for railway re- 
quirements and other constructive works for ships,” 
&e., which may be said to date from the great in- 
vention of Mr. Bessemer, which, as Mr. Williams 
says, startled the members of the British Association 
when Mr. Bessemer published it in detail at their 
meeting at Cheltenham in 1856. 

From this point Mr. Williams traced the history 
of steel manufacture, and its adoption for rails, tyres, 
boiler-making, and other mechanical work, to the 
present time. He touched on the Siemens-Martin 
process of steel-making, and gave interesting statis- 
tics of the steel production in this country and 
abroad. As was to be expected, Mr. Williams 
dwelt at some length on the new invention of 
Messrs. Thomas and Gilchrist for making steel from 
phosphoretic ores, and he described the principle, 
manipulation, and prospects of the invention in 
much the same terms as were used by us last week. 

Mr. Williams drew an interesting comparison be- 
tween the change effected years ago in the puddling 
furnace and the change now being effected in the 
Bessemer converter by Messrs. Bolckow, Vaughan, 
and Co, upon the system of Messrs. Thomas and 
Gilchrist. 

Cort’s puddling furnace, as is well known, had a 
sand bottom, and the iron made from it was never 
certain, owing to the non-elimination of phosphorus, 
and the best ores in the kingdom had to be used, 
and then the result was not satisfactory. This went 
on until Mr. Samuel Baldwyn Rogers proposed a 
cast-iron bottom for the puddling furnace, which 
after being at first derided, became universally 
adopted, cheaper ores came into use, there was less 
refining, and to use Mr. Williams’s words, “ out of 
the invention of old Rogers came the greatest ad- 
vantage to the manufacture of iron between the day 
of Cort and Bessemer.” ‘Puddling in the Rogers 
furnace is ss upon oxide of iron, and the 
change now brought about in the Bessemer con- 
verter is in principle the same, namely, the substitu- 
tion of a basic lining for a silicious one.” After 
detailing a similar change which had to be made in 
the revolving puddling furnace, where the sand- 
lined vessel had. to give place to the oxide of iron 
lining, before satisfactory results could be obtained, 
Mr. Williams said, with much truth, “ It is not to 
the credit of practical ironmakers that they so long 
failed to see, and indeed did not see until an ama- 
teur pressed it upon them, that the non-elimination 
of phosphorus by the Bessemer and Siemens-Martin 
processes was for the same reason that Cort’s furnace 
and the early revolving furnaces did not remove it, 
namely, the sand-linings and bottoms.” 

The presidential address was, as we have said, 
exceedingly interesting and valuable, and it fully 
deserved the encomiums passed upon it by Earl 
Granville for its breadth and lucidity. 





After the completion of the address a vote of 
thanks—which was received with much cordiality 
—wis moved by Earl Granville, and seconded by 
Lord F. Cavendish. After a brief reply the Presi- 
dent then announced that the Bessemer Medal of the 
Institute had been awarded by the Council to Mr. 
Cooper, the well known “Father of the American 
iron trade.” In making the announcement Mr. 
Williams said “that Mr. Cooper had commenced 
life in the early times before the king and queen of 
France came to so tragic an end at the latter part 
of the eighteenth century, and he had been ever 
since engaged] actively in the every-day business of 
life, having earned for himself during his long life 
the highest possible respect among all sorts and con- 
ditions of people in the United States. Mr, Cooper's 
special connexion with the iron trade commenced 
more than fifty years ago and had continued to the 
present time. fa 1830 he built the largest rolling 
mill in his part of the country at Baltimore. In the 
same year he built from his designs, and afterwards 
drove in active work, the first locomotive made in 
America. He erected afterwards, in 1845, the 
Trenton Works, the most extensive rolling mills in 
the United States, and all of them knew how he 
established twenty-five years ago the great Cooper 
Institute, which was now giving excellent education.” 

A letter from Mr. Cooper addressed to Dr. 
Siemens was read in which he thanked the Institute 
for the honour done him, and expressed his regret 
that he would not be able to be present personally 
to receive the medal, but requesting that either 
Mr, I. Lowthian Bell or Mr. G. Snelus might re- 
ceive the medal on his behalf. Mr. Bell received it 
and endorsed fully the expressions of eulogy passed 
upon Mr, Cooper by the President. After a few 
remarks by Mr. Snelus, Mr. Jennings announced 
that he with Mr. Ritson had scrutinised the ballot 
list and found the candidates proposed had all been 
elected members, 

Next followed a short paper by Mr. Daniel Adam- 
son (which we print in ertenso on page 393 of our 
present issue) as an addition to the valuable paper 
read by him last year at the Paris meeting of the 
Institute, and the discussion on which had been 
adjourned to the present meeting. It was an- 
nounced on the programme that the discussion on 
Mr. Adamson’s paper would come on as the first 
real business of the day, but this arrangement was 
departed from, and it was determined to read all 
the papers dealing with the use of steel in imme- 
diate succession, and to take the discussion on 
them together. Mr. Adamson’s supplemen 
o—_ was therefore followed by Mr. H. N, 

aynard’s paper ‘“‘On the Use of Steel in the 
Construction of Bridges” given on page 392, and 
by Mr. N. Barnaby’s paper ‘‘ On the Use of Steel 
in Naval Construction,” which we shall publish 
next week. 

The discussion which followed was of a most in- 
teresting character, and took up the whole of the 
remainder of the sitting. We intend next week to 
deal with this discussion at considerable length, 
and to comment upon it, but at present we need 
only remark that the debate turned in a great 
measure on the relative merits of steel made in the 
Bessemer converter, and that made by the Siemens- 
Martin process, an issue that was raised by some 
remarks in Mr, Barnaby’s papersomewhat disparaging 
to the former. The Xistinetion drawn by Mr. 
Barnaby did not, however, receive general support, 
and the majority of the speakers spoke in terms of 
raise pretty evenly distributed over both the 
essemer and Siemens-Martin steel for shipbuilding 
and marine engineering p es. Amongst those 
taking t in the discussion were Mr. Webb, 
Mr. Snelus, Mr. Riley, of the Steel Company, 
Scotland, Dr. Siemens, Mr. Martell, Mr. Parker, 
of Lloyd’s Register, Mr. Denny, Mr, Kirk, and 
Mr. Raylton Dixon. Mr. Bessemer also gave some 
interesting particulars as to the early introduction 
of mild steel and its use for shipbuilding many years 
ago. The adjourned discussion was continued 
yesterday (Thursday) by Mr. Isaac Lowthian Bell, 
Mr. W. H. White, Mr, W. John, Mr, Price Williams, 
and others, Mr. Barnaby, Mr. Maynard, and Mr, 
Adamson replying on the whole discussion. 

The papers dealing with the manufacture of 
steel from phosphoretic iron were then taken, viz., 
‘“‘ On the Elimination of Phosphorus in the Bessemer 
Converter,” by Sydney G. Thomas and Percy C. 
Gilchrist ; ‘On the Removal of Phosphorus and 
Sulphur during the Bessemer and Siemens-Martin 








Processes of Steel Manufacture,” by Geo. J. Snelus, 
and ‘*On a ready Means of Moulding Lime and 








making Lime or Basic Bricks, and Linings for Fur- 
naces, Converters,” &c., by Mr. Edward Riley, 
These papers were discussed together, the discus- 
sion being opened by Dr. Siemens, who was followed 
by Mr. indsor Richards and Dr. Williamson, 
and the discussion was adjourned until to-day. 








THE ROYAL SOCIETY SOIREE, 1879. 

THE conversazione which was given at Burlington 
House by the President and Council of the Royal 
Society on the evening of Wednesday, the 30th of 
April, was an exceedingly brilliant and successful 
one, and was in no way inferior to any that has 
gone before it, whether for the number of distin- 
guished guests who availed themselves of the invita- 
tion, or for the importance and scientific interest 
of the objects collected for their pleasure and in- 
struction. 

As is usual on these occasions, Mr. William 
Crookes, F.R.S., contributed very largely to the 
success of the evening by his superb display of ex- 
perimental illustrations of a branch of physical 
research which he has made his own quite as much 
as his celebrated investigations connected with Re- 
pulsion resulting from Radiation, which gave it 
birth. This new research, the investigation of 
certain phenomena connected with molecular physics 
in high vacua, Mr. Crookes first brought before the 
Royal Society in the month of December last, and 
it was treated in our article on the ‘ Trajectory of 
Molecules” immediately after.* In that article we 
pointed out that Mr. Crookes’s experiments tended 
to show that there exists in nature a fourth and 
higher condition of matter as much more ethereal 
than the gaseous condition as the gaseous state is 
higher than the liquid. Such experiments of Mr. 
Crookes as have produced the Radiometer, the Otheo- 
scope, and the exceedingly beautiful series of experi- 
mental researches upon which he is still engaged, 
would have been impossible even to have been com- 
menced before the days of the Sprengel pump, but 
Mr. C. H. Gimingham, by his great and important 
improvements in that instrument, has placed in the 
hands of the physicist an instrument by which vacua 
can be produced, compared with which the highest 
exhaustions effected by the old-fashioned air pump 
must be regarded almost as high pressures. The in- 
ternal pressures of the gaseous residues within Mr. 
Crockes’s apparatus are measured in millionths of an 
atmosphere, and in many of his more recent re- 
searches he has had to deal with vacua whose pres- 
sure is measured in small fractions of but one 
millionth of an atmosphere. 

In the article to which we have already referred, 
we described Mr. Crookes’s experiments which led to 
the discovery that the dark space around the nega- 
tive pole within a vacuum tube, and separating it 
from the luminous nebulous glow, is a field of mole- 
cular activity which appears to bear a very close re- 
lationship to, if it is not identical with, the field of 
molecular disturbance in front of the vanes of a 
radiometer and by which its mechanical motion is 
produced. Fig. 1 represents a small apparatus in 


li 


which this dark space is very beautifully shown. 
A Ais a cylindrical vacuum tube having an alu- 
minum wire sealed into each end at C C, and carry- 
ing across its middle diameter a circular disc B of 
aluminum, which is of slightly smaller diameter than 
the tube, and is connected by the wire shown in the 
sketch to the negative pole of an induction coil, the 
two wires C C both being connected to the positive 
pole. When this exhausted tube is placed in elec- 
trical communication with the induction coil, the tube 
is filled right and left of the disc B with a beautiful 
nebulous violet glow, with the exception of a space 
on each side of the disc shown at D D ; this is the 
dark around the negative pole, and its width 
from the disc increases as the exhaustion is con- 
tinued, and if this be carried on sufficiently it will 
spread to the two ends of the tube, driving the 
luminous glow before it. When the negative pole 
is free to move like the vane of a radiometer and one 
of its faces is insulated by a film of mica, no motion 
takes place until the alates is sich that the 
dark space reaches the surrounding glass envelope or 
tube, and the moment that this occurs rotation com- 
mences. The electrical radiometer which we figured 
* See ENGINEERING, vol. xxvi., page 483. 
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and described in the article above referred to,* em- 
bodies this principle and consists of a. radiometer 
carrying flat aluminum vanes, each of which is 
covered on one face with a thin disc of mica; this fly 
is in metallic communication through its centre 
with an induction coil of which it forms the 
negative electrode. The positive electrode can be 
inserted in any other part of the bulb, its position 
in no way affecting the result. When the induc- 
tion coil is placed in circuit with this apparatus 
the luminous glow gradually separates from the 
metallic surface of the vanes under exhaustion, 
leaving a dark space, which widens as the exhaustion 
is continued until the inner surface of the envelope 
or bulb is reached, when rotation of the fly imme- 
diately commences. This little instrument, which 
was shown by Mr. Crookes at the soirée, besides 
illustrating the very beautiful phenomena for which 
it was designed, exhibited some interesting optical 
effects; thus, whenever the number of vibrations of 
the contact-maker bore an exact proportion to the 
speed of rotation of the fly, it appeared to be 
standing perfectly still although really rotating at 
a high velocity, the number of vanes seen depend- 
ing upon what the proportion was between the two 
speeds ; these effects, which are familiar to those who 
have played with the colour top, especially when 
illuminated by electrical discharges, were especially 
strikingly illustrated in the instrument to which we 
refer, for the reason that the rotating object was at 
the same time the source of light by which it was itself 
illuminated. Similar effects were produced with a 
radiometer, the vanes of which were aluminum cups. 

We have on a former occasionf referred to the 
very beautiful phosphorescent effects produced by 
molecular ‘impact in tubes, in which the exhaustion 
is carried to high degree. With the ordinary soft 
German glass of which Mr. Crookes’s tubes are gene- 
rally constructed, this Qn displays itself 
as a beautiful greenish yellow light spread over all 
those portions of the glass upon which the molecular 
stream impinges, and appears to be due to thesudden 
arrest of the gaseous molecules which are projected 
at a high velocity against the inner surface of the 
glass by a species of bombardment, their motion 
being suddenly arrested, and their energy being 
thereby coverted into luminous effects. 

We have also pointed out that if any body, 
whether optically transparent or not, be interposed 
between the negative pole and the surface which is 
rendered phosphorescent by the molecular bombard- 
ment, a sharply-defined shadow of the object is cast 
upon the glass, that is to say, the interposed body 
acts as a shield or screen, arresting the streams of 
molecules projected in straight lines from the nega- 
tive pole, and allowing only those portions of the 
glass to be subjected to molecular impact which are 
not screened from the negative pole by the object 
placed in the molecular path, This beautiful effect 
was illustrated by Mr. Crookes with the very simple 
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little apparatus ehown in Fig. 2, in which A A isa 
pear-shaped vacuum tube or bulb having a flat 
aluminum disc B fixed at one end; in connexion 
with the negative electrode C of an induction coil is 
a Maltese cross cut out of thin aluminum foil fixed 
to a hinged support, so that it can be set up or laid 
down flat against the lower side of the tube, by 
slightly shaking the apparatus. For convenience 
this is made the positive electrode, but there is no 
other necessity for the cross C being electrically 
connected with the coil, as its only object is to pre- 
sent a screen or obstruction to the molecular streams 
—agpre from the dise B upon the end of the bulb. 
Vhen this cross is lying flat at the bottom of the 
tube it offers no obstruction to the molecules in 
their path, aod the larger end of the tube glows 
with the beautiful green ‘ phosphorescent” light of 
molecular impact, but the moment that the cross is 
set up so as to stand in the path of the stream, a 
perfectly sharply-defined shadow is cast at D, pro- 
ducing a non-luminous transparent cross upon a 
green semi-opaque and luminous ground, indicating 
by its sharpness that the molecular streams are pro- 
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jected in perfectly straight lines, and in no way 
curve round an object or overlap one another. If, 
however, a magnet be brought near to the apparatus, 
these streams are deflected up or down, right or left, 
according to the position of the poles with respect to 
the tube, and in that case their paths become curved. 
This is shown by the shifting about of the shadow at 
the end of the tube, its position altering with every 
movement of the magnet, but its sharp definition 
remains the same. This magnetic deflection of the 
trajectory of molecules may be compared to the 
effect of gravitation upon the path of a cannon ball 
projected from a gun in a horizontal direction ; if 
the action of gravitation were eliminated, the tra- 
jectory of the shot would be a horizontal straight 
line, but the action of gravitation combined with the 
constantly diminishing inertia of the ball, gives cur- 
vature to its trajectory. 

Asthe molecular streams are projected fom the 
negative pole in straight lines which start in a di- 
rection normal to the surface of that pole, it is per- 
fectly easy by giving to that pole a plane or a curved 
surface to concentrate the molecular streams to a 
focus, to cause them to diverge or to move in 
parallel straight lines, and Mr. Crookes has made a 
large number of experiments with cup-shaped poles 
by which effects of concentration are produced ; 
one of the most striking of this most superb series of 
experiments is one which, although we have described 
it before, we cannot omit on the present occasion, 
as it formed one of the principal demonstrations 
shown by Mr. Crookes the other evening. ‘This ex- 
periment is the production of intense heat by the 
concentration of streams of molecules upon a focal 
point, which thus receives the combined impacts of 
the great majority of the molecules projected from 
the negative pole. The apparatus by which Mr. 
Crookes demonstrated this Meautiful phenomenon is 
shown in Fig.3. A negative pole a, which is in the 








form of a large cup of spherical curvature, is fixed 
by the stem ¢ at the lower portion of a glass bulb 
similar to that of a radiometer, the positive pole 4 
being fixed at the top of the bulb, Atd is placed 
a narrow strip of platinum foil, at such a distance 
from the cup-shaped electrode a as to pass through 
its centre of curvature z From what has already 
been said it will be seen that when the two 
electrodes are connected to the poles of an induc- 
tion coil, a concentrated fire of molecular projectiles 
is received upon the platinum strip d at the point z, 
and the effect is to cause this point at once to 
glow with incandescence, and so great is the 
heat produced that unless the action be promptly 
stopped the platinum would be fused and the in- 
strument destroyed. ; 
This little apparatus shows ‘in a very beautiful 
manner the deflection of the molecular streams 
under the influence of magnetism, for if a magnet 
be manipulated near the bulb the incandescent spot 
may be made to travel to and fro along the platinum 
strip or directed to any one point, or by deflecting 
it to the right or left of the strip it may be thrown 
off it altogether, no incandescence being produced. 
For the exhibition of the ‘ phosphorescent” 
effects of molecular impact, the tube shown in Fig. 4 
is perhaps the most striking ; it consists of a cylin- 
drical tube A A, having a semi-cylindrical negative 
pole C at its lower end. Above this is fixed a 
osphorescent screen or plate B B coated with 
Me. Becquerel’s luminous sulphide of calcium. When 
this tube is placed in circuit with the induction coil 
the field of molecular disturbance is splendidly 
marked out by the phosphorescent figure on the 
screen, the planes of molecular streams first being 





brought toa focus, which is showa by the small 
area and greater brilliancy of their point of inter- 
section, and then, diverging again, producing a 
surface of illumination diminishing in intensity as 
the distance from the focus is increased. The light 
emitted from this tube was strong enough to enable 
objects to be seen in an otherwise dark room, and it 
was perfectly possible to read small print when the 
paper was held near the illuminated tube. For 
optical beauty, however, the tube shown in Fig. 5 
was perhaps the most remarkable of the whole series. 
In construction it differed from the last piece of 
apparatus only in being without the flat phosphores- 
cent screen, the beautiful effects being produced 
by the green phosphorescence of the tube itself. 
AAisa cylindrical vacuum tube having a semi- 
cylindrical electrode at C, which is connected with 
the negative pole of an induction coil. When the 
circuit of the coil is completed, the beautiful 
green light of molecular impact that is produced, 
and the planes of disturbance intersecting in a 
sharply defined focal line crossing and imping- 
ing on the opposite cylindrical surfaces of the 
glass envelope so as to form ellipses of brilliant 
green phosphoresence, can hardly be imagined with- 
out being seen, and the action of the cylindrical 
electrode being to condense the molecular streams 
in one plane but not in others, produces the effect 
of two flat surfaces of elliptic boundary crossing one 
another, the space between and above them being 
filled with a beautiful but less intense illumination. 

Fig. 6 represents an apparatus which illustrates 
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Fig. 6. 
in a very beautiful manner, the four principal phe- 


nomena connected with molecular physics in high 
vacua ; first, the green phosphorescent light of mole- 
cular impact, second, the projection of molecular 
shadows, third, the magnetic deflection of the tra- 
jectory of molecules, and fourth, the mechanical 
action of the gaseous molecules projected from the 
negative pole, A A isa vacuum tube carrying at 
C a concave circular negative electrode whose 
centre of curvature falls about the middle of the 
tube, at this spot a light wheel B is pivotted upon 
a horizontal axis. This wheel, which is shown 
enlarged in Fig. 7, consists of a disc of thin mica 





Fig. 
carrying around its periphery a number of equi- 
distant radial vanes of aluminum, whose planes 
are perpendicular to the plane of the isc. 
The wheel, therefore, bears some resemblance to 
a water-wheel. When this tube is placed in con- 
nexion with the induction coil, a concentrated 
stream of molecules is projected on to the wheel, 
which is pivotted at or near the focus of the elec- 
trode C, and falling neither above nor below its 
axis, no rotation ahis place; but when a small 
magnet M, which can be turned on a vertical axis, 
is put into such a position that the cone of molecular 
rays is bent upwards, the focus of impact is received 
by the upper vanes, and the wheel rotates with 
great rapidity in the direction indicated by the 
arrow. On however reversing the position of. the 
magnet, the molecular streams are repelled, and 
falling on the lower vanes of the wheel, cause it to 
revolve in the opposite direction, To express the 
effect in a very few words, one position of the mag- 
net converts the movement into an over-shot wheel, 
another position into an under-shot wheel, while the 
intermediate position, by allowing the stream to 
strike the wheel equally above and below its centre, 
has no motive effect upon it, and consequently it re- 
mains at rest. In order to make the rotation of 
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the wheel and its direction oe to an audience, 
two opaque spiral bands, 5 8, were on 
the mica disc, and an image of the wheel and bands 
was projected as a transparency on the screen. By 
this simple contrivance the direction of rotation 
even at the highest speeds was rendered visible, by 
the apparent inward or outward motion of the 
image of the spiral bands. This very beautiful little 
instrument, as well as all the others connected with 
this valuable research, was made by Mr. C. H. 
Gimingham, whose unparalleled skill appears to 
increase with the difficulty and delicacy of the feats 
which he sets himself to accomplish. 

Some of the most striking of Mr. Crookes’s ex- 
eriments are the illustrations of the brilliant effects 
y the immersion of naturally —e “TeV sub- 

stances in the molecular stream. Fig, 8, AA, re- 





presents a tube, in which a diamond D is supported 
on a glass stem in the focus of a concave electrode 
B, the other electrode C being connected with the 


Fig. 8. 


positive pole of an induction coil. When this is in 
circuit the diamond glows with a brilliant coloured 
light of sufficient intensity to light a small room, 
and to illuminate objects on the same table as well 
as if an ordinary candle were substituted for the 
phosphorescent diamond. Mr. Crookes has observed 
that different species of diamonds shine with dif- 
ferent coloured phosphorescent light. Thus, most 
of the African diamonds emit a blue phosphorescence, 
while those from other parts of the world shine, 
when under precisely the same conditions, with 
the following colours, blue, pale blue, orange, 
red, green, and pale green, Fig. 9 is a tube for 
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illustrating the phosphorescence of other sub- 
stances and precious stones; in one of these 
tubes Mr. Crookes had diamonds, in another 
rubies, and in another white precipitated alumina. 
The effects of these different bodies in the molecular 
stream were very splendid and interesting; with a 
number of diamonds, each glowed with its own 
characteristic phosphorescence, producing a beautiful 
combination of colour; while the rubies, whether 
pale or deep in colour, all assumed the deep 
‘*pigeon’s blood” red characteristic of a fine ruby. 
The white precipitated alumina, which is almost 
identical with the ruby in chemical composition, when 
under the influence of the molecular stream pro- 
jected from the negative electrode B, Fig. 9, 
assumed the bright red colour characteristic of the 
ruby, although not the slightest trace of colour could 
be observed under ordinary conditions. 
(To be continued.) 


ELECTRIC LIGHTING AT THE ALBERT 
HALL. 





Tue very transient exhibition of machines and ap- 
paratus for electric lighting, at the Albert Hall, was 
inaugurated on Wednesday evening last with a lecture 
by Mr. W. H. Preece, delivered in that gentleman’s usual 
happy manner, although his opening words, “The 
greatest source of light on the earth is the sun,” took the 
audience somewhat by surprise. Mr. Preece, while not 
giving much information on the subject, conveyed a 
somewhat unfavourable idea of electric lighting, cer- 
tainly not justified by actual fact, though illustrated on 
Wednesday evening by the persistent obstinacy of several 
of the systems to work properly, or even to light at all. 
These failures must be attributed, however, to bad ma- 
nagement, since some of the systems—Siemens, for ex- 
ample—conspicuously obstinate on Wednesday, are regu- 
larly and extensively in use. The collection at the Albert 
Hall is large and very interesting, consisting of nearly all 
the known machines, regulators, and lamps, and many 
historical apparatas, as may be seen by the programme. 
In this programme we notice a prefatory note, which, as 

of composition, is worth the sixpence charged 


paragraph: “In 1867 the discovery, made simulta- 
neously by Sir Charles Wheatstone, by Dr. W. Siemens, 
and by S. A. Varley, of the principle of augmentation of 
electric currents by the reaction of electro-magnets upon 
one another, added another class of electric machines 
to those already known, since the further necessity 
for permanent magnets was thereby dispensed with. 
As the action of two electro- magnets upon each 
other, it was found, by commencing with the very feeble 
magnetism, always latent in the iron core, gradually in- 
tensified the electric current produced ; a portion of it 
being passed backwards and forwards through the re- 
spective cores till it became of very considerable power.” 
We cannot but think that the Society of Telegraph 
Engineers which inaugurated this exhibition, has lost a 
most excellent opportunity of adding largely to our 
knowledge of electric lighting, and of lending valuable 
aid to its practical progress. At least a good hand-book 
might have been prepared, which would have aided the 
visitors in understanding the various systems, instead 
of the programme alluded to, which contains nothing 
but a list of the objects collected and a string of inco- 
herent sentences by way of preface. 








THE IRON AND STEEL INSTITUTE. 
Address of the President, Mr. EDwarpD WILLIAMS. 

GENTLEMEN OF THE IRON AND STEEL INstTITUTE,—I 

must ask leave to begin my address to you with the ex- 

ression of my grateful thanks for the high honour you 
hove conférred upon me by placing me in this chair. To 
preside over the Institute is, of all others, the position I 
most esteem, and conscious as I must be that I cannot in 
many ways equal the able men who preceded me, I will 
give to the duties of the office my fullest and best atten- 
tion. I hope that, by the good help of the members, the 
interests and usefulness of our valuable society will not be 
abated. 

It is practically ten years since, in his inaugural address, 
His Grace the Duke of Devonshire, to whom our Institute 
is under great and lasting obligation, laid before us not 
only the past history of the manufacture of iron and steel, 
but also its condition and amount at the time. 

Since then few great industries have so increased and 
altered in character, and it is scarcely too much to say that 
an expert in 1869, who had abstained from following the 
course of things, would to-day find himself ignorant of at 
least one very important branch of the manufacture. 

It will be understood that in treating of steel I am not at 
all referring to the old material that is so well produced 
at Sheffield by the crucible processes. With this our In- 
stitute has not so far dealt much; and I am afraid that 
our good friends of the crucible trade look upon us as un- 
welcome intruders, bringing cheap steel that sooner or 
later may in some d clash witb their specialty. 

It is to steel in bulk for railway requirements and other 
constructive works, for ships, &c., that my remarks are 
intended to apply. 

For the production of such steel the world is indebted 
mainly to Mr. Bessemer, and in no small degree to our 
distinguished ex-president, Dr. Siemens, to both of whom 
Mr. Mushet’s ingenious and most opportune invention is 
essential. 

For both wrought iron and steel the starting-point must 
be pig iron, which so far has not been produced at moderate 
cost except by means of the blast furnace. 

During the ten years I am speaking of there was not 
much alteration or improvement in this branch of the 
manufacture. The tall blast furnaces first introduced by 
Mr. John Vaughan, as well as our most efficient heatin, 
stoves, were in use at the commencement of the term, an 
though the number and size of them increased greatly, 
there was.not, I think, much improvement in principle or 
advancement in efficiency. 

It is perhaps not wrong to hold that our best blast furnace 
plant and appliances are unlikely to be much improved. A 
greater volume of blast and more security for regular 
charging and working would probably be in most cases 
benefici ; but in the important item of fuel consumption, 
it is doubtful whether any large economy will be found 
practicable. 

The other raw materials are already utilised to the 
fullest extent, and in the item of labour there seems no 
great margin for economy. 

The waste gases of the furnace, which at present heat 
the blast and raise the necess: steam, are, no doubt, 
capable of doing more duty as fuel; but in works consist- 
ing of blast furnaces only, it is not easy to see how this 
can be availed of. Where, in addition to blast furnaces, 
there are wrought iron and steel works close at hand—a 
combination likely to become more prevalent—the more 
complete utilisation of the gases will no doubt be taken 
advantage of. 

In Cleveland, where there is a great deposit of salt, it is 
reasonable to expect that some day brine will be evaporated 
on a large scale by means of the waste heat, an enormous 
quantity of which is now being thrown away into the air 
from boilers, hot-blast stoves, and the several kinds of 
furnaces. 

We many of us remember how we were startled when, 
in 1856, at the Cheltenham meeting of the British Associa- 
tion, Mr. Bessemer published his invention in detail. There 
was, among the prominent ironmasters of the time, prett 
general doubt as to some of the principles he promul- 


gated. 

In less than a week from the reading of the paper, trial 
was made at Dowlais of the system of blowing air through 
pig iron, with complete success. What in outward form 
was pig iron, and only differed from it by yo 


way, was heated in a mill furnace of the common sort, and 
rolled into bars, to the great astonishment of all concerned. 
In fact, an experiment undertaken to show that Mr. 
Bessemer had fallen into mistake proved the exact con- 


Shortly afterwards the system was set to work on a 
larger scale, but only very rarely was the success of the 
first experiment equalled, and generally there was so much 
irregularity and failure, that, notwithstanding the expendi- 
ture of a considerable sum of money, the operations were 
abandoned as unsuccessful. 

When Mr. Bessemer left Dowlais, where he had been for 
some time, those who had worked with him believed that 
even he feared that the ingenious process he had advo. 
cated was not likely to prosper. But if so, his faith soon 
returned ; the clumsy converters first designed gave wa 
to the beantiful tipping vessels; his wo at Sheffield 
were started, and we owe it to his indomitable courage 
and perseverance that the world did not miss a great 
advantage. 

In 1860 Mr. Ramsbottom was prevailed upon to try steel 
rails on the London nnd North-Western Railway, with a 
result so satisfactory that it needed no great “oy to see 
that not even considerations of cost could long stand in the 
“ of their extensive adoption. 

n 1869, when His Grace addessed us, Mr. Bessemer had 
succeeded completely. Those who studied the matter per. 
ceived that for calle, at least, his process must entirely 
2 the old iron-making. 

t has long been beyond dispute that no skill and care can 
so weld together the many pieces of iron constituting a rail- 
pile as to make it equal, or anything like equal, to the solid 
ingot for rails to withstand the tremendous strain of heavy 
railway traffic. It is strange, however, that, notwith- 
standing this, the inflation that, to our subsequent 
sorrow, came upon the iron trade after 1869 actually 
brought about a considerably increased mgke of built-up 
iron rails. 

So late as 1875 our then President, Mr. Menelaus, who 
was, as he continues to be, in the forefront of the steel in- 
dustry, gave in his address the chief place to puddling ; 
and ironmasters generally looked anxiously for machinery 
to vr mg hand labour. Now the case is very different. 
Puddling has been improved but little. The revolving 
furnace, upon which several years of skill and labour had 
been unsuccessfully expended in this country, was reported 
to have succeeded in America, and was from thence brought 
here in its most approved form. 

It must, however, be admitted that, notwithstandin 
very full trial, our hopes have been disappointed, an 
only very moderate advantage has accrued from the 
— machines introduced to lighten the work of the 
puddler. 

For railmaking the puddling forge has disappeared, and 
it is highly improbable that it will return. The place of 
it has been taken almost entirely by the Bessemer pit, which, 
in principle, general arrangement, and almost minute details, 
remains as it came from the hands of the inventor, and 
seems scarcely to admit of much improvement. Even the 
ingot mould, objectionable because of its inconvenient taper, 
has, so far, defeated all efforts to amend it, and continues 
in almost exclusive use. 

Sir Joseph Whitworth, whose great skill and eminent 
services to engineering are notorious, has for a long 
time had in operation a system devised by himself of com- 
pressing fluid steel by enormous hydraulic power, and the 
advantage is said to be very great; but so far, I believe, 
the compressed steel has been but little used, except for 
—— to protect ships of war, and for the manufacture 
of guns. 

‘he statistics of steel and iron made, and their distri- 

bution, need not come in this address. They are fully and 
clearly set forth in the report of the Iron Trade Association, 
as well as elsewhere, and I will therefore not repeat them 
too much. 
In 1869 the make of Bessemer ingots in this kingdom was 
barely 200,000 tons ; last year it was over 800,000 tons, the 
American make being nearly as much ; and on the Continent 
of Europe it is very large and wing. The total make 
probably exceeded two millions of tons, with the prospect of 
enormous increase. 

The open-hearth system, initiated, in this country at 
least, and so ably dove, by our late President, Dr. 
Siemens, whose regenerative furnace is of the utmost value, 
has also extended considerably. The make of ingots in 1878 
was 178,000 tons in this country, with about as much abroad ; 
in all, 350,000 tons. 

For the very high classes of steel, where absolute sound- 
ness and great ductility are the first considerations, the 
open-hearth system is no doubt very efficient. The time 
necessary for the process allows of frequent testing, and 
| ea can be given to the metal exactly the composition 
esired. 

Among the earliest of the papers to be read to you at the 
resent meeting is one by the Chief Constructor of Her 
ajesty’s Navy, from whom we shall have information of 
the most reliable kind bearing upon this subject. 
The Siemens-Martin process is much availed of for con- 
verting old iren rails into steel, or, more correctly speaking, 
into ingot rails. 
It would be well if we could agree upon a fuller and 
more accurate nomenclature of iron. At present we call 
steel everything made from cast ingots, though in compo- 
sition and character the metal varies from the hardest cast 
steel to the softest boiler plate, which has qualities almost 
like copper, and should therefore, I venture to think, be 
more accurately designated. 

At the meeting of our Institute at Middlesbrough, 
nearly ten years since, this question was discussed, and the 
International Committee appointed in America two or 
a new system of classification ; 
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It is inevitable that new rails made from old iron ones 
should be high in phosphorus, but to compensate for this 
they have little carbon and silicon, and in actual work they 
are said to stand well. On the table is a piece of the first 
Bessemer rail ever rolled. It was made at Dowlais, in 
1858, from an ingot supplied by Mr. Bessemer, which, by 
the way, was parallel. A full analysis by Mr. Stead, of 
Middlesbrough, is attached to the sample, which has, as 
will be seen, 0.446 of phosphorus, a quantity that would 
tighies us in these days; but carbon and silicon are almost 
absent. 

The ingots, of which that just mentioned was one, were 
rough, and of most unpromising appearance generally, but 
they rolled perfectly. A second lot of ingots, received 
shortly afterwards, though similar in appearance, rolled 
very badly, only three or four of them holding together so 
as to make rails of any sort. 

The reason of the difference, I am informed, was that 
the first came from a vessel lined with Stourbridge brick, 
and the second from the same vessel with an improved 
lining of gannister, which, though much more enduring, no 
doubt had the effect of preventing any elimination of 
phosphorus. 

It is unfortunate that no analysis of the second lot of 
steel exists. Twenty years ago we saw but dimly the im- 
portance of understanding the chemical constitution of the 
materials we had to deal with. 

For railway tyres steel has superseded iron almost as 
completely as for rails, and there is a movement in favour 
of steel ships which in all probability will extend ; and when, 
as I suppose will be the case some day, the change is en- 
couraged rather than retarded by the Board of Trade and 
other controlling bodies, iron plates will probably be to a 
great extent, if not altogether, supplanted. 

For boilers, steel—Bessemer and Siemens-Martin—is in 
extensive use. Mr. Adamson, whose very able paper at 
the Paris meeting will not soon be forgotten, and who, I 
am glad to say, is abont to add to it for our advantage, was 
one of the first, if not the first, to introduce steel boilers on 
a large scale, and we have it upon his high authority that 
the result is most satisfactory. 

In the case of boilers no one can wish for anything but 
the greatest strictness to insure high quality, and therefore 
safety from accident ; but itis difficult to see the advantage 
of insisting, as is the case at present, upon a like high and 
costly quality for the hulls of ships. 

The iron supplied for this purpose is certainly not of 
— quality, and I believe it is admittedly good 
enough. 

Steel of fair quality is stronger than iron even after al- 
lowing for the reduced thickness permitted, and it is more 
reliable otherwise. There seems then no good reason why 
anything more should be demanded. 

It is needless to say that every obstruction placed in the 
way of the manufacture and all superfluous cost incurred 
are simply taxes upon the public. 

Quite as unnecessary as the difficulties put in the way of 
steel for merchant ships is the objection to the taking of 
fluid cast iron direct from the blast furnace tothe Bessemer 
converter. An opinion obtains in some sae that the 
direct process is less under control, and the resulting steel 
may therefore be less uniform, than by the old mode of 
mixing several brands of iron and remelting in the cupola. 
Closer inquiry will show that this opinion is err , an 
that remelting is less reliable than working direct. 

In the large way the only guide the practical man has is 
eye-judgment. Samples can be, and in all Rg oy | 
managed establishments are, frequently analysed; but 
need not say that it is impossible to examine chemicall 
more than an infinitesimal proportion of the pig iron mom | 
the bulk of which can have nothing in the way of examina- 
tion beyond the careful inspection by sight of an ex- 
perienced pig-sorter. In old times, when nothing more 
than this inspection was obtainable, it was a good addi- 
tional safe; d to mix together half a dozen reputable 
brands of pig iron, that were very unlikely to be all wrong 
in the same chemical direction, and probably differed, when 
they differed at all, in ways that corrected each other ; but 
the accurate knowledge of skilled furnace managers, 
advised by chemists whose everyday business it is to 
specify the proper mixtures for the blast furnace and keep 
out unsuitable materials, is far more certain. Given the 
proper ingredients, the blast furnace cannot make bad iron 
unless its mechanical working be disturbed by neglect or 
accident, which those accustomed to furnaces would find 
out quickly. Indeed, before the evil can have gone far the 
blast furnace itself and the converter may be depended upon 
to make prompt protest and compel the necessary attention. 

My conviction is that, setting aside all question of cost, 
and considering only uniformity of quality, there is danger 
in remelting, and security without any disadvantage 
otherwise in the direct process. 

It is not my intention to treat of the chemical and strictly 
scientific aspects of steel making, which are in the depart- 
ment of our well-proved guide, Dr. Percy and his col- 
leagues, and which our late President, Dr. Siemens, re- 
cently dealt with very ably. Nor will I venture to consider 
the relative merits of iron and steel from the standpoint of 
the engineer. This is the proper province of the eminent 
men constituting the Institution of Civil Engineers in whose 
house we are. 

Those who, like myself, profess only to be what, for want 
of a better name, we call practical ironmakers, are dy 
greatly beholden to the theorists, to whom we must continue 
to go for accurate information, and whose directions we 
must carry out as best we can. In due time there will no 
coubt arise a race of composite men, who, having both 
theoretical and practical knowledge, will be abler and more 
efficient than we, the one-sided men of the present. 

In the papers to be read at this meeting, and the dis- 
cussions to follow, we shall, I doubt not, have much that 

is new and interesting in both departments of our great 
manufacture. ; ae a 





I cannot forbear to mention specially the important 
improvement patented and already brought to some 
— om i ae Thomas mgt = _ Lad : 

e orisation of ordinary pig iron, there ing i 
for ae the manufacture of steel. . - 

The essence of the improvement is the substitution of a 
basic lining for the ordinary gannister lining of the Bessemer 
converter. 

The idea is not now brought forward for the first time. 
On the con , the principle has long been known and 
availed of in the old process of puddling. 

In 1872 Mr. Snelus patented the use of basic linings for 
furnaces and Bessemer converters, and I have no doubt it 
is in the recollection of many of you that more than one 
eminent metallurgist at home and abroad also recommended 
the change. 

Those who tried it, however, one and all, encountered 
difficulties of a practical kind which stopped them. These 
difficulties, it is believed, have now been overcome. 

With priority of invention and the rights of patentees 
our Institmte does not interfere, and it is, I hope, needless 
or me to say that I do not desire to convey any opinion 
respecting them, our concern asan Institute being to in- 
vestigate the merits of matters affecting iron and steel- 
making as a whole, and not at all to meddle with private 


“—. 

ly last year, at the works of the Blaenavon Iron 
Company, Monmouthshire, experiments were made by 
Messrs. Thomas and Gilchrist, with the aid of Mr. Martin, 
the linings being silicate of soda and limestone, which, 
however, proved unsuccessful because unenduring. 

A larger trial at Dowlais shortly afterwards had the 
same result, though in all cases the phosphorus was elimi- 
nated, the difficulty being to maintain the lining, which 
was rammed into its place in the ordinary way. To meet 
this difficulty bricks of ground magnesian limestone burnt 
to great hardness were made at Blaenavon, and proved by 
actual experiment to be efficient ; but unexpec circum- 
stances connected with the company’s affairs stopped the 
proceedings. 

Messrs. Bolckow, Vaughan, and Compens. of Middles- 
brough, with their usual enterprise, undertook further ex- 
periments in a large way, and seem to have succeeded. 

Knowing as you all do that only a small age of 
the pig iron in the world is suitable for making steel by 
means either of the Bessemer or the Siemens-Martin pro- 
cess, I will not weary you by enlarging upon the enormous 
advantage of an improvement that promises to make avail- 
able almost all kinds of pig iron. In the paper about to be 
read by Messrs. Thomas and Gilchrist we shall no doubt 
have much information for which iron and steel makers 
generally are unusually anxious, and I venture to hope 
that Mr. Richards will favour us with the facts as a question 
of practical working. 

At some recent experiments to which Messrs. Bolckow, 
Vaughan, and Co. were good enough to invite the leading 
members of the local iron trade, the blowing was in every 
way successful, and the quality of steel uced excellent. 
The samples examined, several of which were made in our 
presence, varied in temper from the mildest and softest to 
the ordinary hardness for rails, any particular sort being 
produced at will. Samples to test were very easily taken 
and it seemed that the exact temper of metal desired could 
be produced with certainty. 

The converter lined with radial bricks of magnesian 
limestone is said to stand well, and the necessary addition 
of cold basic material to the charge and during the blow 
though of course it lowered the temperature at first, did 
not make a difficulty. 

As yet there cannot have been any accurate ascertain- 
ment of waste, cost of lining, &c., but these are unlikely 
to be seriously against the new method. 

One of the y 5 vessels at Eston lined with basic bricks 
has been set to work, and itis believed that before long the 
cheap pig iron of Cleveland, without admixture other than 
that of spiegel, which is common to all, will be extensively 
used for making steel. 

The North-Eastern Railway Company has al 
ordered a considerable — of rails made from Cleve- 
land steel, which will be manufactured under the super- 
vision of their eminent engineer, Mr. Harrison, whose 
report will be as eagerly looked for as it will be relied on 
— ‘ 

what is expected bein the main realised, great changes 
are likely. The manufacture of steel rails, which at present 
is much spread over the land, will, in all probability, grow 
in the localities where the necessary raw materials—iron 
ore mainly—are abundant and cheap, with the sea not far 
away. 

Our former President, Mr. Bell, whose name will always 
be associated with blast furnaces, the theory and practice 
of which he has so thoroughly mastered and so lucidly ex- 
plained, in communications not only to our Institute, but 
also to other scientific bodies, has for a long time been 
working to adapt Cleveland iron for stee-making, with, it 
is believed, considerable success, and I have no doubt it 
will be very able to you if he can, during the coming 
discussions, describe his system and the results he has 
achieved. 

By the changes of the last few years the relative circum- 
stances of the several iron and steel producing districts of 
this country and of Great Britain in relation to other 
countries have been materially altered. 

Before Mr. Bessemer’s invention almost everything de- 
pended upon the cheapness of fuel and labour, the differing 
costs of ironstone, hee important, being less vital. To 
— ton oo gs agen takin, —- and eget pe 
together, requi on the ay about six tons o' ” 
and the manual labour of wnapelilien men. 


For steel much of this is unnecessary ; the consumption 
of coal per ton of finished steel is y ies thon thee 
tons, and likely to diminish. 





When it is borne in mind that under the old system about 





one-third of all the coal raised in the realm was used at iron 
and steel works, and that the present total get is close 
upon 140,000,000 tons per annum, it will be seen how large 
a national gain this economy of fuel is. 

In the item of labour the improvement is still more- 
striking ; more than half the money cost of it is saved 
already, while the very hard work isin a great measure 

ispensed with, as is also the need of long special training, 
without which the old iron-making id not 4 
carried on. Ifcheap and good i 
nothing more than the already great diminution, and, as I 
believe, the coming abolition of puddling, it would deserve 
our gratitude. Those of us who have spent our lives in 
iron works know how hard and incessant the work of a 
puddler is, even with the best mechanical aids. We know 
also that, as the facilities for obtaining other employment 
became more numerous, the best men, who were notso wedded 
to the work that they could not leave it, drifted away into 
less arduous occupations, taking their sons with them, and 
how, in consequence, a metallurgical operation, upon the 
ry performance of which absolutely depends the quality 
of the resulting finished iron, got more and more into the 
hands of an inferior and less manageable class of work- 
men, with the result that could not fail to follow such a 


¢ “ 

The discovery of puddling is one of the bright events of 
modern times. But for it there would not have been a 
very large output of wrought iron, without which we should 
not have many of the improvements of late years that 
have tended so greatly to the advance of civilisation. But 
great as our obligation to puddling is, bap ve with it 
without regret, seeing that easier and more efficient means 
of achieving not only the same result, but a much better, 
have been devised. 

In the time of transition from the old to the new and 
better system there must be inconvenience and hurt to in- 
divid: districts and special classes of men, but the 
national advantage cannot fail to be very considerable. 

I need not say that there is yet a large amount of hand- 
puddling which probably will continue for a long time. It 
will, I believe, s ily abate in amount, and I cannot 
doubt, though I say it with reluctance, knowing that the 
open is a little unpalatable to some excellent members 
of our Institute, that the day is at hand when, either by the 
Bessemer converter, or by the open-hearth, or by some other 
steel-m apparatus, there will be produced, with abso- 
lute certainty, with comparatively light labour, and 1 hope 
with fair profit to all concerned, every kind, variation, 
quality of the metal iron which we now rudely designate 
steel and wrought iron. 

It is interesting to remember how the old puddling fur- 
nace at its establishment resembled the tocmeat con- 
verter, and how it was improved in a way closely ogous 
to the change now in course of being worked out by Messrs. 
Bolcklow, Vaughan, and Co., upon the system of Mesars. 
Thomas and Gilchrist. 

As is well known, Cort’s furnace had a sand bottom, 
and the qualityof the iron from it was never certain—inferior 
always to the iron of the old process, viz, that of working 
in a bath of fluid oxide, which, though very wasteful, pro- 
duced iron of excellent quality, and therefore lived on in 
great part despite the new invention and its economies. 

For the Cort process excellent pig iron was made in cold 
blast furnaces from the best ores of the kingdom. The pig 
was refined in the old-fashioned refinery fires at great cost, 
and afterwards ney oe on the sand bottom. The resulting 
wrought iron rolled badly, owing probably to the non-elimi- 
nation of phosphorus, and could only be made into merchant 
bars of fair quality by repeated working in the mills, that 
involved heavy cost. 

A man of great ability, long since passed away—Samuel 
Baldwyn Rogers—pro a cast-iron bottom for the 
poaes furnace instead of sand; and the suggestion 

rought not only the usual unbelief, but ridicule as well. 
That cast iron could be melted upon a cast iron bottom and 
the bottom itself remain sound, was held to be unreason- 
able ; and the suggestion of Mr. Rogers was treated as one 


ready | of the erratic notions of a man who, though known to have 


ability, was certainly ay eccentric. 

After a time the first puddling furnace with an iron 
bottom was erected at Merthyr Tydfil, more than half a 
century ago, and so succeeded that it was adopted promptly. 
It was soon ascertained that puddled bars, mre» of being, 
as formerly, unworkable stuff that would hardl 
gether, rolled quite yey and that a great deal of the costly 
mill-working might be dispensed with. 

Gradually cheaper iron ores came into use, and there was 
less refining. Before many years in most districts of the 
country nolinalion were dispensed with, and pig iron pud- 
dled direct. The enormous heaps of Sosupdad refinery and 
forge cinders, very good for many purposes as well as rich 
in iron, were worked up; and generally out of the inven- 
tion of old Rogers came the greatest advantage to the 
manufacture of iron between the day of Cort and Bes- 


semer. 

For all this Ropes got little or no reward, except local 
celebrity of small worth, and a nickname; and, twenty 
years or so ago, he was by the timely intervention of a few 
friends rescued from the indignity of a parish funeral. 
Puddling in the Rogers furnace is puddling upon oxide of 
iron, the c' now being brought about in the Bes- 
semer converter is in emg se the same, namely, the sub- 
stitution of a basic lining for a silicious one. Much the 
same took place in the case of the poate. puddling fur- 
nace. For several years the great practical difficulty was 
the lining. After trying almost everything likely to suit, 
it was found that sand only would endure for even a mode- 
rate time the action and wear of the operation, and from 
the sand-lined vessel the puddled iron was wretched]: 





bad. 
Mr. Danks hit upon a mode of lining with inon.ano, whieh 
he preserved from destruction by ¢ oxide of iron 
with the heat ; subsequently there was a further improve- 


ment in the same direction by the use of fluid tap-fettling 
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run into a water-cased vessel, upon which it formed a 
lining. In both cases the improvement to the puddled iron 
was Ley A great, owing to the removal of phosphorus ; 
and but for the question of cost, and perhaps more than 
even that the advent of ingot iron, the revolving puddling 
vessel would have done good service. 

It is not to the credit of practical ironmakers that they 
so long failed to see, and indeed did not see until an ama- 
teur pressed it — them, that the non-elimination of 
phosphorus by the Bessemer and Siemens-Martin pro- 
cesses was for the same reason that Cort’s furnace and 
the early revolving furnaces did not remove it, namely, the 
sand linings and bottoms. 

It is often said—sometimes upon seemingly good authority 
—that in the manufacture of iron and steel this country is 
losing ground, and that there is danger of our being excelled 
by our energetic brethren across the Atlantic, as well as 
by our more scientifically educated neighbours on the conti- 
nent of Europe. 

Without the least desire to help any any particular view 
of the case, I have, by visiting Continental works, and by 
study of the available descriptions of the American works, 
which I hope to see some day, endeavoured to ascertain 
how far this opinion is well founded. While I do not doubt 
that to maintain our leading position, and to acquit 
ourselyes properly in the exact manufacture that has 
happily taken the place of the old finger-and-tbumb busi- 
ness, we must by every means in our power add to and 
make general our knowledge of the composition and cha- 
racter of the materials we deal with, I do not think there is 
much ground for alarm. 

That England, which has so far originated and worked 
out almost all the great improvements in the manufacture, 
should hope to monopolise, or anything like monopolise, the 
iron and steel trade of the world, is an unreasonable ex- 

tion, as I think it is also that in our own country, or 
indeed in other countries where there is commercial free- 
dom, we are likely to be outstripped. 

Steel-making has, as I have pointed out, rendered un- 
necessary much of the very hard labour for which our 
iron-making population ‘is so well fitted, and has brought 
into requisition nicety of manipulation, and an amount of 
general education that unfortunately is uncommon amongst 
us, as I am inclined to think it also is with the great mass 
of the people of otber countries. 

But our better classes of ironworkers have great prac- 
tical skill, and, unless my experience is exceptional, great 
aptitude to comprehend and adapt themselves to new 

rocesses. 

In illustration of this is the fact that at present chemical 
terms and the appreciation of minute percentages, which 
even ten years ago were almost unknown, have become 
common and familiar ; and I see no reason to fear that our 
rank and file of the future will be inferior to their com- 
petitors abroad. 

In the matter of machinery for making and shaping iron 
and steel, as well as the mechanical aids that become more 
and more essential, we have not yet been outstripped, and 
are not likely to be. 

After our late experience in France, where we were 80 
openly and generously dealt with, we well know, if we did 
not know before, that there are splendid works abroad, 
and under the protection of import duties that keep away 
our competition, there are being established extensive and 
well-a concerns for the manufacture of steel; but 
while we must greatly admire the works of Creusdt, 
Essen, Terrenoire, Hayange, and many others, I do not 
consider that in the department of steel-making I under- 
stand, namely, that, to meet the wholesome purposes of 
peaceful life, we are in even a second place. 

Our members of the chemical sort are, no doubt, giving 
consideration to the progress of their special department at 
works abroad, Terrenoire especially, the direction and im- 

rtance of which were so excellently shown in the Paris 

xhibition last year. 

The making of steel for war purposes is a specialty I will 
uot venture upon, my opinion being of little value. It is, I 
fear, almost useless to hope that the day will soon arrive 
when so terrible a waste of excellent material for the bad 
business of fighting will cease, or even much abate. 

In the manufacture of ingots there is much loss and need- 
less cost by reason of the rough system of teeming. The 
only guide the workman has is a chalk mark which can 
scarcely be worked to, and the ever-varying internal 
capacity of the moulds makes anything like accuracy im- 

ible. The effect of this is that ingots are always cast 
So heey, and crop ends are nade instead of finished steel. 
There cannot be any insuperable difficulty in the way of 
showing by an indicator the exact quantity of steel teemed, 
and so enabling a skilled workman to run ingots of any 
desired weight. If this can be done, not only will there be 
considerable y, but some of the unemployed iron- 
making mills will be available to roll steel in the old pull- 
over fashion, which has some advantages peculiarly its 
own. 

For heating, the regenerative gas furnace is a great im- 
provement ; but it is believed, and I think Mr. Bell holds 
the opinion, that the waste my from the blast furnace are 
capable of developing more heat by their proper combustion 
than is necessary for all the steam getting and heating 
after fluid pig iron, and that except the coke put in at the 
tunnel of the blast furnace there should be no ex- 
penditare of fuel. 

It is, I suppose, the fact that the ingot as it comes from 
the pit has more heat than is necessary for the rolling pro- 
cesses, the chilled outside being a shell holding a yoke of 
more or less liquid steel. Putting such ingots into an 
ordinary balling furnace is not therefore to heat them 





more, but to equalise the heat of the several parts. It would 
seem that for such equalisation in a proper chamber only a 
very small expenditure of fuel, if any, is necessary ; and if 
I am right, we may in this part of the manufacture expect 
a further important economy of coal. 


-nery. We adhere too much to old eee 


There is, I think, great need of improved rolling machi- 
and systems, that 
were suitable enough for short lengths and light weights of 
a soft material, but which do not efficiently deal with hard 
- ~ that are heavy and unhandy. 
ere strengthening of engines and roll trains of the 
antique sort will not, I am convinced, do, even with the 
addition of the reversing engine, which is beyond question a 
+ advantage for rolling — bars, though less suitable 
or short things like blooms and plates. Either by roll 
before roll or by some entirely new system of shaping the 
= there will probably be before long a change for the 
tter. 

In the scientific training of our overlookers and higher 
agents and managers there is room for improvement, and 
it seems to me much to be desired that educated intellectual 
young mep, who now hang listlessly about the professions 
and so-called genteel occupations, which promise to them 
at best only respectable poverty, with the more than doubt- 
ful advantage of leisure, should break through the absurd 
old prejudice against-seemingly rough work, and come over 
to the healthy business of iron and steel making, in 
which they may render the world good service, and obtain 
substantial remuneration by active employment of a very 
agreeable sort. 

Of the higher management of great works I scarcely dare 
to speak ; but as a rule, it really is not as it should be, and 
I hope to be forgiven for saying that there is need of 
amendment. 

For some unaccountable reason it seems to have become 
the opinion that gentlemen without special training, often 
engaged in other business of an entirely different sort, 
and coming only occasionally to the works as directors, 
can adequately and efficiently control and manage great 
manufactories. 

Iam convinced that this is entirely fallacious, and that 
already there has been much hurt and loss by the system 
which in great part has obtained since manufacturing 
establishments became of unwieldy size, and passed from 
the hands of those who had yvown up with them and under- 
stood every detail, into those of corporations and com- 
panies, unskilled in the necessary technical matters, with- 
out knowledge of the local circumstances, and wanting also 
the good personal relations that existed between their 
predecessors and the persons they employed. 

It is not easy to nume a business much more complicated 
and fuller of detail than the real management of a £ 
iron and steel works, which, to be efficient, should are 
the constant attention of a competent staff, led and actually 
controlled by a technically trained manager, skilled in the 
special business, aud possessing, if possible, the somewhat 
rare quality which Motley, the American historian, well 
describes as “‘ a gift which no training and no culture 
can bestow, and which comes from above alone by birth- 
right divine—that which men willingly call master— 
authority.’’ It would be invidious, though not difficult, to 
show where this kind of management has been the rule 
there is usually prosperity, and how many good and pro- 
mising establishments have languished and are languishing 
for want of it. 

There is, I think, a great future for iron and steel, not 
only in the few branches of the manufacture I have re- 
ferred to, but in each and all of them, notably, I believe, 
in the employment of blown metal for castings, that with 
no great additional cost cannet fail to be greatly superior 
in strength to any made from untrea pig iron, however 
good; and it will be strange if, in the state of general 
education that is coming, men like Cort and gers, 
Neilson and Vaughan, Bessemer and Siemens, Bell and 
Menelaus, and other able men at home and abroad, who have 
made the art of iron and steel-making what it is, do not 
arise in greater number to lead, improve, and strengthen 
it. That the workmen of our free country will be unequal 
to their duty, or fail init, I do not believe; on the con- 
trary, I hope and expect that, with better education and 
the great improvements it must bring, they will hold in 
the future, as they have held in the past, the foremost 
place for skill, endurance, and honest industry. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Gigantic Saw.—Messrs. Taylor Brothers, of Sheffield, 
are sending to the Sydney Exhibition a guide line circular 
saw which is said to be the largest in the world. It is 
88 in. in diameter, made of the best cast steel, hard ground, 
and a magnificent specimen of workmanship. 


Doncaster Water Supply.—The Corporation of Doncaster 
after carrying out a costly scheme for the supplying of the 
town with water, has found such difficulties from leakage 
of the reservoirs that a short time ago it called in Mr. 'T. 
Hawksley, of Westminster, who has inspected the works 
and given a report which may be of serviceelsewhere. The 
embankment for the Thryburgh reservoir rests upon a bed 
of sandstone, the foundations being trenched into it. In 
the western half of the embankment, however, there is a 
leak The water finds its way ny the rock and 
though turbid in the reservoir becomes throughly filtered 
before issuing on the surface of the ground behind the 
embankment. The quantity of water now pouring from 
the rock into the valley below the reservoir amounts to 
about 800,000 gallons in twenty-four hours, being very 
nearly equal to the quantity of water required both for the 
supply of the existing population and for the statutory 
compensation also. Mr. Hawksley is of opinion that 
nothing short of a deepening of the puddle trench through 


the fissured portion of the rock down to the substratum of 
water-tight shale upon which it reposes, will be productive 
of any certain and permanently useful effect. The extent 


of this operation cannot be predetermined, because it will 
be necessary to follow downwards the, as yet unseen, paths 





taken by the water in its subterranean flow. The engineer 


adds, ‘the construction of a reservoir on a rocky district 
always involves processes more or less tentative in their 
character.” Other suggestions as to the works are also 
given. The Corporation has decided to adopt the advice 
given by Mr. Hawksley, and measures will be forthwith 
taken to carry out the works—though expensive—which 
he deems to be necessary. 


Pontefract Town Hall.—The Town Council of Pontefract 
has decided to build a new town hall, and a site for ‘the 
building is about to be purchased. 


Ilkeston Station.—About a couple of years ago the Great 
Northern Railway Company extended their saileny facili- 
ties directly into Ilkeston, a very important centre, and 
took a very decided majority of the traffic. The Midland 
Company, not to be beaten, followed suit, and has nearly 
finished the station, a very handsome one. The compe- 
tition on more equal terms will commence between the two 
companies next month. 


The Impending Struggle between Colliery Owners and 
Miners.—The colliers in this neighbourhood appear to be 
taking up in good earnest the movement for discontinuing 
the getting of coal for six weeks. The proposal is to lay 
all the pits idle throughout the county, for the purpose of 
counterbalancing the downward movement in prices. 
Many colliery proprietors recognise the impending diffi- 
culty and are getting coal to stock. A great difficulty will 
have to be met, if the strike takes place, by managers 
who cannot hope to keep the pits clear from “falls” and 
consequent interruption of ventilation. It is also believed 
that the South and West Yorkshire Miners’ Unions will 
federate, and the masters will then have to cope with an 
organised body of men numbering 40,000. 


Coal Dust and Ezplosions.—The committee appointed 
by the Derbyshire Association of Engineers to inquire into 
the effect of coal dust in mines on the occasion of explosions 
is about to commence some interesting experiments in 
this district. It is said that in the Barnsley bed especially, 
coal dust gives a terrific intensity to an explosion, but it is 
thought that some means ma be devised to render the 
dust almost innocuous on such occasions. However, it is 
admitted that there must always be fine particles of the 
dust in the air which cannot be dealt with, except- 
ing by ventilation and increased draught. The report of 
the committee on the subject will be looked forward to 
with much interest. 








Tue Patent Bitu.—Ar the meeting of the Society of 
Arts on Wednesday evening, under the presidency of Mr. 
Bramwell, C.E., F.R.S., a paper was read by Mr. Lloyd 
Wise ‘‘On the Government Patent Bill.’’ There was a 
good attendance notwithstanding that the exhibition of 
electric lights at the Albert Hall had naturally attracted 
many persons much interested in the patent question, and 
who would otherwise have attended the Society of Arts’ 
meeting. ‘There was no lack of speakers, however, and it 
was found necessary to adjourn the discussion until the 
evening of Tuesday, the 20th instant. We shall take 
occasion to notice Mr. Lloyd Wise’s paper and tke dis- 
cussion on anearly day. 





THE INSTITUTION oF CrviL ENGINEERS. — At the 
meeting of this Society on Tuesday, the 6th of May, Mr. 
Bateman, F.R.SS., L. and E., President, in the chair, it 
was announced that the Council, acting under the provisions 
of the bye-laws, had recently transferred Messrs. Edward 
Bazalgette, He Irwin, Charles James More, Jobn 
Salter, and James Page Symes, from the class of Associates 
to that of Members ; and had admitted the following Can- 
didates as students of the Institution, viz.: Messrs. 
Horace Allen, Robert Anderson, John Booth, Frederick 
—- Cooke, Henry Cowe, Alfred Thomas Davis, George 
Hill Day, Alexander Low Dickie, Joseph Aloysius Doolan, 
Arther Henry Glendinning, Mathew Buchan Jamieson, 
James Ibbs Lawson, Norman Frederick McLeod, Michael 
Nethersole, Josiah Pierce, Jun., David Campbell Rattray, 
Harold Sebastian Vogan, William Orme Wedlake, Thomas 
Duncan Weir, and Douglas Fitzgerald Worger. ‘The 
monthly ballot resulted in the election of one Member, viz., 
Mr. Joseph Leece, the Whitworth Company, Manchester ; 
of twenty-one Associate Members, viz., Messrs. William 
Beattie, L. and S. W. Railway, Nine Elms; Joseph 
Samuel Beeman, Stud. Inst. C.E., assistant engineer, Rio 
Drainage Works, Brazil; William Santo Crimp, Stud. 
Inst. C.E., resident engineer, Sewerage Works, Mitcham, 
&c., Districts ; Clement Dunscombe, M.A., borough en- 
— ef Derby; James Staats Forbes, Jun., Stud. 
nst. C.E., resident engineer, Ealing Extension Railway ; 
Dean Gauntlett, divisional engineer in H. H. the Nizam’s 
P.W.D., Hyderabad; William Bernard Godfrey, Stud. 
Inst. C.E., Camden-road; Harry Hawgood, assistant 
engineer, Cape Government Railways ; John Ellis Hughes, 
West Middlesex Water Works, Barnes; Theodore Sent 
Hutton, Ealing; Henry Alexander James, Town Hall, 
Blackburn ; Frederick William Johnson, Stud. Inst. C.E., 
P.W.D., Ceylon; Henry Batson Joyner, Sao Paulo, 
Brazil ; James Thomas Kough, West Kent Main Drainage 
Works. Bexley; William Cuthbert Lewis, Stud. Inst. 
C.E., Assist. Eng. P.W.D., India; Frederick James 
McLaughlin, Assist. Eng. P.W.D., India; Joseph Newey, 
Resident Engineer, Great Kei River Bridge, Cape Colony ; 
John Pollard, Stud. Inst. C.E., Camden-road ; George 
Bernard Reynolds, Stud. Inst. C.E., Assist. Eng.. P.W.D., 
India; Alexander Thuey, Assist. Eng., P.W.D., India ; 
and Charles Wood, PWD. New Zealand ; and of four 
Associates, viz., Messrs. John William Devereux Bain, 
Medical Officer of Health, Clare, South Australia ; Edward 
Carpmael, B.A., Streatham Hill; William Thomas 
Mousley, Westminster; and James Halifax Western, 





Capt. R.E., Ex. Eng., P.W.D., India. 
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; + that is, the machine which is advertised to produce a light | A, B, and ©, plus half the thickness of the strap ; C, C, th 
O8 BLECERIO LIGHTING: of 6000 candles by an expenditure of 3} horse power. _ distances A von, d the distance apart of thocininis o ; 
{Frest Parser]. All the machines for converting mechanical power into | %, %, the inclination of the two parts of the strap to the 


By Dr. Joun Hopxinson, F.R.S., M. Inst. M.E. 

Durine the last year much has been written and much 
information communicated concerning the production of 
light from mechanical power by means of an electric 
current. The major portion of what has appeared has 
been either descriptive of particular machines for producing 
the current, and of lamps for manifesting a portion of its 
energy as light; or a statement of practical results con- 
necting the light obtained with the power applied and the 
money expended in producing it. 

Whilst fully appreciating the present value of such in- 
formation, the author has felt that it did not tell all that 
was interesting or practically usefulto know. It is desir- 


able to know what the various machines can do with varied | 


and known resistances in the circuit, and with varied speeds 
of rotation ; and what amount of power is absorbed in each 


Fug. 1 





























case. It is a question of interest, whether a machine in- 
tended for one light can or cannot produce two in the same 
circuit, and if not, why not; whether a machine, such as 
the Wallace-Farmer, intended as it is for many lights, will 
give economical results when used for one; and soon. It 
is clear that the attempt to examine all separate combina- 
tions of so many vantaliten would be hopeless, and that the 
work must be systematised. : 

The mechanical energy communicated by the steam 
engine or other motor is not immediately converted into the 
energy of heat, but is first converted into the energy of an 
electric current in a conducting circuit ; of this a portion only 
becomes localised as heat between the carbons of the electric 
arc ; and of this again a part only becomes sensible to the 
eye as light. The whole of what we need to know may be 
more easily ascertained and more shortly expressed if the 
inquiry is divided into two parts : (a) what current a ma- 
chine will produce under various conditions of circuit, and 
at what expenditure of mechanical ged ; (b) having given 
the electric conditions under which the are is p » no 
matter how these conditions are produced, what light will 
be obtained therefrom. Parts of the subject have been 
treated more or less in this sense by Edlund (Pogg. Annal. 
1867 and 1868), Houston and Thomson in America, Mascart 
(“‘ Journal de Physique,’’ March, 1878), Trowbridge 
(“* Philosophical ine,’? March, 1879), Schwendler 
(Report on Electric Light Experiments), but not so com- 
pletely that nothing remains to be done; nor does the 
author doubt that a very great deal of information is in the 
hands of makers of machines, which they have not thought 
it desirable to make known. The present communication 
is limited to an account of some experiments on the pro- 
duction of currents by a Siemens medium-sized machine ; 


.* Paper read before the Institution of Mechanical En- 
gineers. 





- 


an electric current consist ultimately of a conducting wire 
moving in a magnetic field ; and approximately the electro- 
motive force of the machine will  peanereee to the 
velocity with which the circuit moves through the field, and 
to the intensity of the field. In general the intensity of 
the field is not constant; and in such machines as the 
Siemens and ordinary Gramme machines it may be regarded 
as a function of the current passing. We must learn what 
this function is for thé machine in question; or—which 
comes to exactly the same thing, and is better so long as 
the facts are merely the result of experiment—we must 
construct a curve in which the abscisss represent currents 
| passing, and the ordinates the electromotive force for a 

iven speed of rotation. But the power of a current, that 
| is its energy per second, is the product of the electromotive 
| force and the intensity ; this is in all cases less than the 
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power required to drive the machine, and the ratio between 
the two may fairly be called the efficiency of the machine. 

The object of the Fen f my | perhaps be made clearer 
by an illustration. Consider the case of a pump forcing 
water through a pipe against friction; then the electric 
current corresponds to the water passing per second, and 
the electromotive force to the difference of pressure on the 
two sides of the pump; and just as the product of pressure 
and volume per second is 'power, so the product of 
electromotive force and current is power, which is directly 
comparable with the power expended in driving the machine 
or the pump, as the case may be. The peculiarity of the 
so-called dynamo-electric machine lies in this, that what 
corresponds to the difference of pressure (the electro- 
motive force) depends directly on what corresponds to the 
volume passed (the current). 

Each experiment requires the determination of the speed, 
the driving power, the resistances in circuit, and the current 
passing, or of the difference of potential between the two 
ends of a oe po as ‘nd ~ —. ene 

The apparatus emplo y the author was » no 
alone with an aim to accuracy, but in part to make use of 
such instruments as he happened to possess, or could easil, 
construct, and in part with a view to ready erection an 
transport. Much more accurate results may be obtained 
by any one who will arrange apparatus with a single aim to 
attain the greatest accuracy possible. The author’s appa- 
ratus will, however, be re described, that others may 
form their own opinion of the importance of the various 
sources of error. 

The speed counter was that supplied with the machine. 

Concerning the steam engine nothing need be said save 
that its s was maintained very constant by means of a 
governor shown in Fig. 1, and specially arranged for great 
sensibility. By placing the jomt A above the joint B, 
instead of below it as in Porter’s governor, any degree of 
sensibility up to instability may be obtained. The s was 
varied by means of a weight and a spring, attached to a 
lever on the throttle valve spindle. The ungainly appearance 
of this governor could easily be remedied by any one pro- 
posing to manufacture it. 

The power is transmitted from the engine to a counter- 
shaft by means of a strap, and by a second strap from the 
countershaft to the pulley of the machine. On this second 
strap is the dynamometer shown in Fig. 2. 

This dynamometer has for some time been used by 
Messrs. Siemens, and was also used by Mr. Schwendler ; 
its invention is due to Hefner von Alteneck. A is the 
driving pulley ; B the pulley of the electric machine; CC 
are a pair of loose pulleys between which the strap passes; 
these are carried in a double tri frame, which can 
turn about a bar D. This bar might form part of a per- 
manent structure ; but in order to place the dynamometer 
readily on any strap, the bar was in this case provided with 
eyes at either end, and secured in position by six or eight 
ropes. is plan answers well, as there is very little stress 
on the bar. From the frame immediately above the 
pulleys a cord leads through a Salter spring balance over 
caste hedie to a back balance weight ; the tension of this 


cord is read on the spring balance. At first the spri 
balance was omitted, pay weight at the end of the co 


was observed ; but the friction of the snatch-block pulleys 
was found objectionable. The Poe frame carries a 
pointer, which is adjusted to a fiducial mark when the line 
AB bisects the distance between the loose pulleys. Let 
W’ be the tension of the cord required to bring the pulley 
frame to its standard position when no work is being 
transmitted ; W” the tension which is required to bring the 
pointer back to the fiducial mark, when an observation is 





made ; and les W=W!—W”. Let T’ T” be the tension in 
the two parts of the strap ; Ry Ry r the radii of the pulleys 








line AB. Then 
(T’—T”) sin. ®, +sin. @.)=W ; 


and 
sin. =Batr—d, _d (Ritr-dy* 
Cc, ZU, C, 
da. a,—Botr—d d (* +r—d a 
C, 2C, Cc; 
very nearly. 

e value of T’—T” and the velocity of rotation of the 
machine being known, the power received is obtained, 
expressed in gram-centimetres per second. Multiplying by 
981, the value of gravity in centimetres and seconds, the 
power is then expressed in per second, and is ready for 


ergs* 
comparison with the results of the electrical experiments. 
As already stated, the dynamo-electric machine in the 


ab w speed of revolutions rurale 
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present case was a Siemens medium size; the armature 
coil has fifty-six divisions, and the brushes are le, not 
divided, that is, each brush is in connexion with one 
segment of the commutator at instant. 

leading wire is 100 yards of Siemens No. 90, consist- 
ae seven copper wires, insulated with tape and india- 
rubber, and ha a diameter of about 9.6 mm. 

The method of rmining the current is shown in the 
diagram, Fig. 3. The current is conveyed from the 
machine A, through a set of coils of brass wire c, and in 
some cases through a resistance coil placed in a calorimeter, 
and so back to the machine, the connexions being made 
through cups of mercury excavated in a pieee of wood D. 
The current passing may be i y the heating of 
the calorimeter, or by measuring the difference of tial 
at the extremities of the resistance c, all the resi 
the circuit being supposed known. This difference of 
potential could of course be py: fay eo a by means 
of a quadrant electrometer ; but, as instrument had to 
be me ay removed, a galvanometer appeared more.con- 
venien e two points to be measured are connected to 
the ends of a series of resistance coils ab. The galvano- 
meter is p' in a second derived current, passing from 
fyestice ab through a single Daniell element, a set of 

igh resistances for adjusting sensibility, a ing key, 
the galvanometer, the reversing key again, and so the 
other extremity of b. The el motive force is ascer- 
tained by adjusting b so that the deflection of the galvano- 
meter is nil. 

The resistance coils c comprise ten coils of common 
brass wire, each wound round a couple of wooden uprights 
driven into a baseboard common to the set; each wire is 
about 60 metres long, and of No. 17 B.W.G., bir 
about 14.6 grams per metre. Each terminal is 
to a cup of mercury excavated in the baseboard, s0 that the . 
coils can be placed in series or in parallel circuit at pleasure. 
The resistance of each coil being about 3 ohms, this set 
sg Saomanges to give resistances varying from 0.3 to 


ohms. 

The calorimeter is a Siemens eter with the top 
scale removed ; a resistance coil of uncovered German silver 
wire nearly 2 m. long, 1.5 mm. in diameter, having a 
resistance of about } ohm, is suspended within it from an 
ebonite cover, which also carries a little brass stirrer ; and 
the calorimeter is filled with water to a level determined by 
the mark of a scriber. It was of course necessary to know 
the capacity of the calorimeter for heat. It was filled with 
warm water up to the mark, and the coil placed in position ; 
120 grammes of water were then withdrawn, and the 
temperature of the calorimeter was observed to be 
58.8 deg. C. ; after the lapse of one minute it was 58.3 deg. 
C.; after a second minute 57.9 deg. C.; 120 grammes of 
cold water, temperature 13.3 deg. C., were then suddenly 
introduced through a hole in the ebonite cover, and it was 
found that, two minutes after the reading of 57.9 deg. C., 
the temperature was 50.0 deg. C.; hence we may infer that 
the capacity of the calorimeter is equal to that of 740 

es of water. ‘Two similar experiments at lower 

oe am ty aaere ey Ys — py % and 750. 
istimating ca) m the weig per 
cylinder su; “ with e@ pyrometer, it should be TA to 
which mus added the capacity of the ver 


* The dyne is the force which will in one second impart 
to one gram a vey of one centimetre per second, and 
an erg is the work done by a dyne working through a 
centimetre ; a horse power may be taken as three-quarters 
of an oe per second, an sogeen Dee 10°? ergs. See 
report of British Association, 1873, and Everett, “ On the 
C. G. 8. System of Units,” published by the Physical 
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wire and stirrer. Taking everything into consideration, Resuuts or EXPERIMENTS WITH SrEMENS’ DyNAmo-ELEcTRIC MACHINE. 
750 es may be assumed as the most | nny result. 

The resistance coils, marked ab in the diagram, Fig. 3, 
are of German silver, made by Messrs. Elliott Brothers; | Number pennnsitn ait Cadicnitaien 
they are on the binary scale from } ohm to 1024 ohms. | of Experi- R. Q. E. W;- W;. W;. H.P. n. 5 nn R 
Separate coils were used, instead of a regular resistance| ment. , 
box, because they were more readily applicable to any 
other purpose for which they might be ired ; and the 1 1025 0.0027} 2.72 i ote 720 1) 
binary scale was adopted, because the coils could at once 2 8.3 0.48 3.95 | 9.0019 ia onis ae “ 
be used as conductivity coils in parallel circuit also on the 3 5.33 1.45 7.73 | 0.0112 oes 0.042 | 0.056 - 
binary scale. oe as su —_ — agromnnedy ba : ry ae  ¥ yt 1.140 = = ra 
stout co ; these were fitted with cups of india- . 3 . pe a J ss is wi . 
rabber rt By mercury, whereby any comnenens what- 6 3.205 24.8 79.5 | 1.972 2.158 | 2.106 | 2.81 “ + Oetetast peeiien, as supplied 
ever could readily be made. is arrangement though 7 3.025 | 26.8 81.1 | 2.174 ose 2.392 | 3.19 a : 
rude was very convenient, and perhaps even safer from 8 2.62 32.2 84.4 |} 2.718 2.888 | 2.780 | 3.71 os 
error than a with brass plugs to make the connexions. 9 2.43 34.5 83.8 | 2.894 a 3.370 | 4.49 - 

By a slight alteration of the connexions the whole was in- 10 2.28 37.1 84.6 | 3.138 2.903 | 3.538 | 4.72 pe. 
stantly available as a Wheatstone’s bridge to determine ll 2.08 42.0 87.4 | 3.671 eos 3.960 | 5.28 ac ee bee 
resistances. 12 1.345 | 64.0 86.1 | 5.510 5.349 | 5.777 | 7.70 654 | (Strap slipping.) 

The bat was a single element of Daniell’s battery, in 13 2.08 41.1 85.5 | 3.514 e 3.790 | 5.05 698 
which the sulphate of zinc solution floats on the sulphate 14 2.07 36.0 74.5 | 2.682 2.852 | 3.80 696 | 13 deg. extra lead of brush. 
of copper ; its electromotive force is assumed to be } volt. 15 2.09 42.7 89.2 | 3.809 4.233 | 5.64 708 _ 

The resistances added in the battery circuit are pencil 16 2.09 41.7 87.2 | 3.636 4.135 | 5.51 713 5 ,, | Less lead of brush 
lines on glass, such as are described in the “‘ Philosophical 17 2.10 45.0 94.5 | 4.252 4.810 | 6.41 759 S ss than in original posi- 
Magazine’ of February last. Three were used, giving a 18 2.08 40.8 84.9 | 3.464 4.010 | 5.35 696 Sos tion. 
range of sensibility approximately in the proportions 1, 25, 19 2.06 35.1 72.3 | 2.538 2.672 | 3.56 586 Pas 
170, 700; they are very ul in adjusting the resistance 


b so as to give no deflection of the galvanometer. 

The reversing key belongs to Sir W. Thomson’s electro- 
meter, and is quite suitable when high resistances and nil 
methods are used. 

The galvanometer is far more sensitive than necessary, 
and has a resistance of 7000 ohms. 

Preliminary to experiments on the current, determina- 
tions of resistances were made. The resistance of each 
brass coil was first determined, to afford the means of cal- 
culating the value of c in any subsequent experiment. 
When the ten are coupled in parallel circuit, the calculated 
resistance was 0.29 ohm, whilst 0.292 was obtained by 
direct measurement. The leading wire was then examined ; 
the further ends being disconnected, the insulation re- 
sistance was found to be over 60,000 ohms; how much 
over it was immaterial to learn. When the ends of the 
cable were connected the resistance was found to be 
0.129 ohm. The resistances in the machine were found to 
be as follows when cold; magnet coils, 0.156 and 0.152 
respectively, armature coil, 0.324; total, 0.632. Direct 
examination was made of the whole machine in eight po- 
sitions of the commutator, giving 0.643 ohm, with a maxi- 
mum variation from the mean of 0.6 per cent. After 
ranning the machine for some time the resistance was found 
to be 0.683, an increase which would be accounted for by a 
rise of temperature of 12 deg. C. or thereabouts. The 
resistance of the calorimeter is 0.20, without its leading 
wire, which may be taken as 0.01. We have then in circuit 
three resistances which must be considered: 1. The re- 
sistance of the machine and leading wire, assumed through- 
out as 0.81, denoted by c, ; 2. The resistance of the brass 
coils C, calculated from the several determinations, with 
the addition of the resistance of the leading wire 0.02, and 
denoted by cy; 3. When present, the resistance of the 
calorimeter and leading wire, denoted by c,. 

Two approximate corrections were employed, and should 
be detailed. The first is the correction for the considerable 
heating of the resistance coils c. These were arranged in 
two sets of five each, five being in parallel circuit, and the 
two sets in series. The current from the machine, being 
about 7.4 Webers in each wire, was passed for three or four 
minutes; the circuit was then broken, and the resistance c, 
was determined within one second of breaking circuit, when 
it was found to be about 5 per cent. greater than when 
cold. As the resistance was falling, the following was 
adopted as a rule of correction: square the current in a 
single wire, and increase the resistance ¢y by one-tenth per 
cent. for every unit in the square. The second correction 
is due to the fact that the calorimeter was losing heat all 
the time it was being It was assumed that it loses 
0.01 deg. C. per minute for every 1 deg. C. by which the 
temperature of the calorimeter exceeds that of the air; 
this correction is of course based on the experiment already 
mentioned. 

The method of calculation may now be explained : 

R is the total resistance of the circuit, equal to ¢c, +¢s 

+Cs53 

Q is the current ing in Webers ; 

E the electromotive force round the cireuit in Volts ; 

W, the work per second converted into heat in the cir- 
cuit, as determined by the galvanometer, measured in 
ergtens per second ; 

W, is the work per second as determined by the calori- 
meter ; 

W, is the work per second as determined by the dynamo- 
meter, less the power required to drive the machine 
when the circuit is open ; 


~ Gale aeniite dleckiaian a the arma- 
Then: Se 

Q=tx = re 

ett 


‘ 
also W,= Pa multiplied by the mechanical equivalent of 
the heat generated per second in the calorimeter. 


The accom ing Table gives the results of the ex- 
periments. power of 0.21 s, or 0.28 horse power, 
was required to drive ine at 720 revolutions on 


= cireuit. An examination of the Table shows that the 
ciency of the machine is about 90 per cent., exclusive of 
friction. Comparing iments 11 and 13, and also the 
last four experiments, it is seen that the electromotive 











force is prapeticnss to the speed of rotation within the 

errors of observation. Experiments 14, 15, and 16 were 

ene ay to ascertain the effect of displacing the commutator 
rushes. 

The principal object of the experiments was to ascertain 
how the electromotive force depended onthe current. This 
relation is represented by the curve of Fig. 4, in which the 
abscissse represent the currents flowing, or the values of 
Q in the Table, and the ordinates the electromotive forces, 
or the values of E reduced to a speed of 720 revolutions 
per minute. The curve may also be taken to represent the 
intensity of the magnetic field. It will be remarked that 
there is a point of inflexion in the curve near the origin. 
The experiments 1 to 5 indicate that this is the true form 
of the curve, and it is confirmed in a remarkable manner 
by a special experiment. A resistance intermediate be- 
tween of and 4 was used in circuit, and E and Q were de- 
termined in two different ways: first, by starting with an 
open circuit, which was then closed ; secondly, by starting 
with a portion of the resistance short-circuited, and a very 
powerful current passing and then breaking the short cir- 
cuit. It was found that E and Q were four times as great 
in the latter case as in the former. Unfortunately the 
numbers are not sufficiently accurate to be given, as the 
solutions of the standard battery had become mixed. 

The curve really gives a great deal more information than 
appears at first sight. It will determine what current will 
flow at any given speed of rotation of the machine, and 
under any conditions of the circuit, whether of resistances 
or of opposed electromotive forces. It will also give very 
approximate indications of the corresponding curve for 
other machines of the same configuration, but in which the 
number of times the wire passes round the electro-magnet 
or the armature is different. 

It will be well to compare these results with those ob- 
tained by others. M. Mascart worked on a Gramme 
machine with pes cag med low currents, he represents his 
results approximately by the formula 

E=n (a+b Q), 

where a and b are constants. This corresponds to the 
rapidly rising part of the curve of Fig. 4. Mr. Trowbridge 
with a Siemens machine obtained a maximum efficiency of 
76 per cent., and states that the machine was running 
below its normal velocity. Mr. Schwendler’s results, when 
fully published, will probably be found to be the most com- 
lete andj most accurate existing. In the précis he states 
hat the loss of power with a Siemens machine in pro- 
ducing currents of over 20 Webers is 12 per cent. Now 
taking the author’s experiments 4 to 19, the mean value of 
W, is 3.027 and of W, 3.304, adding to the latter 0.21, the 
power required to drive the machine when no current 
, it appears that 13.8 per cent. of the power applied 
is wasted. Again, takin er ye 5 4, 6, 8, 10, and 12, 
the mean value of W, is 5 and of W, 3.076, indicating 
a waste of power amounting to 12 per cent. Of this, as 
already stated, 0.28 horse power is accounted for by friction 
of the journals and commutator brush; the remainder is 
expended in local currents, or by loss of kinetic energy of 

current when sparks occur at the commutator. 

The author not yet tried any quantitative experi- 
ments with the electric light, but hopes shortly to do so. 
In the mean time he would remark that, as the lamp is 
usually adjusted, only half the energy of the current appears 
in the arc, or 44 per cent. of the energy transmitted to the 
machine by the strap. 

In conclusion the author would express the obligation 
he is under to Messrs. Chance Brothers and Co. on account 
of the facilities he has enjoyed for making these experi- 
ments at their works. It be mentioned that one 
principal object of the research of which this is a beginning 
is to obtain a minute knowledge of the electric light, with a 
view to lighthouse illumination. 





New ZEALAND Roap Maxrna.—Since the organisation 
of the New Zealand Public Works Department, some 1832 
miles of road of various descriptions have been made in the 
North Island, at a cost of 501,5541., including 320 bridges, 
and several hundreds more of miles of road are bei e. 
In the Middle Island 270 miles, principally on the west 
coast, have been formed at an expenditure of about 
198,8801. Previous to the formation of the Public Works 
De ent in 1870, thousands of miles of roadway 
and substantial torrent bridges had been made by the 





provincial governments. 





CARRIAGEWAY PAVEMENTS. 

Ar the meeting of the Institution of Civil Engineers held 
on the 29th of April, Mr. Bateman, F.R.S., President, in 
the chair, the first paper read was on “‘ Street Carriageway 
Pavements,’’ by Mr. George F. Deacon, M. Inst. C.E. 

With respect to the figure of stone sets, the author ex- 
plained that in order to secure stability their depth should 
be greater than any other dimension; but the length 
should be greater than the width in order to facilitate 
breaking joint. His conclusions might be thus summarised : 
Hard stone, in which joints were necessary for foothold : 

Depth. Width. Length. 

In. In. Sets. In. In. In. 

Sets for moderate traffic 6to6} 4to14 5to7 

- heaviest ,, 74% 4,14 &,,7 
Softer stones, in which joints were unnecessary for foot- 


hold : 
Depth. Width. Length. 


In. In. Sets. In. In. In. 
Sets for light traffic or 
inclines ons .. 6t06$ 3tol4 5to7 

A crucial examination of many classes of pavements had 
satisfied the author, in 1871, that those jointed with asphalte 
retained their figures better, and wore out less rapidly, 
than any others. This method of jointing, however, was 
often very indifferently performed. Since that date all the 
Liverpool pavements had been jointed in this manner with 
great advantage ; and all those subject to heavy traffic had 
been constructed with Portland cement or bituminous con- 
crete foundations. The mode of constructing the founda- 
tions and pavements differed in some important respects 
from that generally adopted, and was fully explained. The 
Portland cement concrete was mostly prepared ina yard, 
and not in the street where the work was going on; and 
the author had proved, by a large number of conclusive 
experiments, that no loss of strength, but probably a slight 
gain, arose from allowing such time as was occupied in 

to elapse between mixing and placing in sité. 
Carriageways of bituminous concrete, or asphalte m, 
were next described. The smaller stones used for the 
upper layer of such pavements should not be much harder 
than the asphalte itself. A large area of this pavement had 
been constructed in Liverpool, and on sanitary grounds the 
system would probably be extended over many back 
streets. 

After describing his experience of wood pavements in 
Liverpool, the author drew the conclusions that, like stone 
pavements, they should be provided with concrete founda- 
tions, the joints should be very close, and the blocks should 
be creosoted. : 

Much difference of opinion existed as to the best mode of 
finishing or blinding the surface of macadamised pavements. 
Under a 15-ton steam roller, preceded by a watering cart, 
1200 yards of trap-rock macadam, without blinding, could 
only be moderately consolidated by twenty-seven hours’ 
continuous rolling. If blinded with trap-rock chippin; 
from a stone breaker, the same area might be moderate % 
consolidated by the same roller in eighteen hours. 
blinded with silicious gravel from } in. to the size of a pin’s 
head, mixed with about one-fourth part of macadam swee 
ings obtained in wet weather, the area might be thoroughly 
consolidated in nine hours. Macadam laid according to 
the last method wore better than that laid by the second, 
= Pm laid by the second much better than that laid by 
the first. 

In order to compen the wear of different classes of 
pavements, the author had reduced the traffic to tons per 
annum per yard width of the carriageway, and in the 
following Tables he compared the total annual cost of 
various pavements when subjected to a standard traffic. 

From inquiries made with reference to the loads drawn 
by horses since the new Liverpool pavements were con- 
structed, as com with the loads drawn on the old 
pavements, and without giving credit for the great reduction 
of wear and tear of horses and vehicles, the author esti- 
mated that there was a saving in the cost of cartage alone 
——e 10,0001. a year for every mile of such pavement as 
now laid in the dock line of streets in Liverpool. 

Of all pavements for street carriageways macadam 
appeared to the author to be the least satisfactory. It was 
the most costly, the dirtiest, and on the average of all kinds 
of weather and all conditions of aa probably involved 
a greater traction for a given | than any of the other 
systems when thoroughly well laid. Its dirtiness consisted 
not only in the excessive mud of wet weather, and the ex- 
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TABLE SHOWING THE TOTAL COSTS OF VARIOUS PAVEMENTS. 


Reduced to a Standard Traffic of 100,000 tons per Annum for oreyy 
that 8 Per Cent. of the Cost o: 


Yard in Width of the Carriageway, on the Assumption that the Work was done by the Corporation, and 
both Labour and Materials was included for Establishment Expenses. 








No. 3. Hard stone. 


oa eal U & heh 
a5 (SF SEF | ER | RR | RE | EG 
$22 | 3. (Bck | a2 | ok | 2 | 28 
DESCRIPTION OF PAVEMENT. ee 408 _ e842 am d ee z ip 2 Ey Bewsnes. 
ee. af Ss a a5 : 
UE Eee 
D 4 2 gros <4 ga< 3 Poe ial 
s. d. d. d. e @ d. d. 8s. d. 
No. 1. Hardstone. Gravel joints. Hand-pitched founda- E 
- : eae a * 3 tt % ig as wt ee 2 6.5 18 |0 1.0 4.2 1 1.5 |Old Liverpool pavements. 
.2. Hard stone. Ashphalte joints. Portland cement Pre 
oo foundation + es aie pee on | 15 1 8.2 0.6 0 0.25 2.4 0 11.45 |Now constructed in Liverpool for heavy traffic, 
te joints. Bituminous con- ‘ 2 
crete fae ena — =. = ps = 14 10 8.0 0.6 |0 0,25 2.4 oe 0 11.25 Ditto ditto 
. 4. i tone. A: te joints. cemen : , ; Risar: 
eee foundation on J e are rs ™ a fet ee 8.2 3.7 |0 0.5 2.4 1 2.8 |Ditto for light traffic, or steep gradients, and junctions 
No. 5. —— me Asphalte joints. Bituminous con- 14 10 on av le es - pet of stree ae pees 
No. < Medina ceaente A am a ea | 3 9 2.0 my 1 6.0 2.4 4 1 10.4 _ oi ieht te 7 ggg , and for street carriageways of 
No. 7. Wood, creosoted. Bituminous concrete foundation) 15 1.5/ 7.5 10.1 |0 1.0 2.7 5.0 2 2.3 [Prices if constructed hy soxpocstige. 
No. 8. Macadam, hand-pitched foundation .. «e me 3.4 cam 2 0.0 8.0 pa 2 11.4 |In Liverpool for suburban roads. 





























With a traffic of 40,000 tons per annum for every yard in width of carriageway, the figures for the last three pave- 
ments were as follows : 
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cessive and impure dust of dry weather, but also in the | ordinary description of load estimated without serious 


facility with which organic impurities were absorbed by it, 
decomposed within it, and exhaled to the atmosphere. In 
country roads this objection was insignificant, and no 
other pavement was better than well maintained macadam ; 
but in some of the carriageways of the west end of London 
one would regard it as intolerable, had it not been tolerated 
so long. To the unsophisticated provincial the manner in 
which, on a hot July day, fashionable London rolled over 
her tainted macadam pavements, apparently without even 
smelling them, was a mystery almost as great as surrounded 
the fact that the metropolis, alone among the centres 
of civilisation in this country and in the world, still sub- 
mitted with apparent satisfaction to an intermittent water 
supply, impure at times in almost every household, however 
pure the source of that supply might be, when with absolute 
pecuniary benefit a constant supply might be obtained. 


WOOD PAVEMENTS. 

Art {the meeting of the Institution of Civil Engineers, 
held on the 29th ult., the second paper read was on ‘* W: 
as a Paving Material under Heavy Traffic,” by Mr. O. H. 
Howarth, Assoc. Inst. C.E. : 

The primary point into which the conflicting details of 
the street pavement problem could usually be resolved was 
simply this: That the conditions of road surface demanded 
by the two main elements of street traffic, viz., the power 
and the load, were almost essentially opposed. That was, 
the surface most favourable to the intermittent tractive 
action of horses was not the one best adapted for the trans- 
mission of rolling load. To reconcile these conditions, so 
as to render them the least obstructive to each other, was 
the practical aim of road paving. 

A series of observations, collected during the past three 
years, tended to show that against all the discrepancies 
which rendered comparisons of street traffic doubtful, oppo- 
site conditions had been found to arise by which they were 
compensated in the long run ; and that, on the whole, the 
effect of such minor irregularities was largely controlled by 
the element of weight. Upon this consideration it became 
evident, that the formula of direct weight per unit of road- 
way width was that which must afford the least erroneous 
data for reducing large series of traffic observations, 
taken under fixed rules respecting the conditions to be 
noted. The system adopted by the author aimed at obtain- 
ing reliable averages, by short and definite observations 
properly distributed, rather than from continuous counts 
over an isolated series of hours. The observations were 
collected by half hours only, at fixed periods throughout 
the day of sixteen hours, from.7 a.m. to 11 p.m. in every 
case ; such half hours being respectively observed again on 
other days at the same points and in different conditions of 
weather. The remaining night hours affording a traffic 
small in proportion, and at the same time subject to great 
irregularity with variable circumstances, were excluded, as 
vitiating the averages required. The system of short ob- 
servations, while undoubtedly leading to a highly corrected 
comparative figure, was also found to facilitate the notes 
respecting weight, which were of necessity collected simul- 
taneously with them. The traffic was divided under seven 
heads ; for the most numerous and important of which the 








or cumulative error. These averages sufficed to show how 
widely the actual wear and tear upon any given roadway 
might be misconceived, in the light of a merely general or 
numerical estimate. 

Experience afforded by recent trials pointed to the con- 
clusion, that the true theoretical condition under which 
wood should be used, was that of a continuous and unin- 
terrupted surface. If a whole street could be conceived to 
be paved with a single slab or section of fir timber, the 
surface well inlaid with clean grit or large sand, such road 
would (apart from expansive action) prem, without 
comparison, the fairest test of the durable qualities of this 
moon the basi f these principles the system of pavi 

pon the basis of these principles m of paving 
with wood, known as Henson’s, was introduced in 1875, 
having for its object the testing of the previous theory, 
that artificial structural foothold was indispensable to 
afford a fulcrum for tractive power, as well as to show the 


value of real continuity of surface, by providing the 
nearest ible as to an uninterru: area of wood 
only. The aim of the experiment was primarily to lay the 


blocks ‘‘heart to heart,” upon a sound weight-bearing 
foundation, so as to present a continuous and uniform sur- 
face of wood on end. To such a construction the only fore- 
seen obstacle was the variable expansion and contraction 
inseparable from that material under varying atmospheric 
conditions ; and this, when accumulated over a area, 
would doubtless have been of sufficient extent to become 
detrimental to the efficiency of a road pavement. With a 
view to meet this, it was borne in mind that the action of 
capillary expansion in wood was one which must be regarded 
as exercised slowly, through the minutest distances; but 
accumulated in proportion to the area of material subject to 
it. The compensation for such an expansion could there- 
fore only be uniformly effected over a large area, by pro- 
viding for the absorption of minute portions of it at the 
smallest possible intervals, establishing a series of minute 
compensations umn me the entire stracture. The 
substance which was found in practice to be most available 
for this pear was ordinary roofing-felt from ,}, in. to 
in. thick ; a strip of which, cut tothe same'width as the 
epth of the blocks, was interposed between each course, 
and thus formed a close and yet slightly elastic joint. In 
laying this pavement the system was adopted of driving up 
the blocks, as every eight or ten courses were laid, by heavy 
mallets and a plank laid along the face of the work, atten- 
tion oaing given to the even range of the courses as this 
proceeded. The joint was thus closed as completel 
as possible, leaving only the actual fabric of the felt 
to take up the expansion, and by the mutual support of 
the blocks saving them from the rapidly destructive action 
of spreading at the edges. The protection of the wood was 
further enhanced by a layer of similar felt over the whole 
surface of the concrete foundation upon which the super- 
structure of wood was cushioned, ts tended to show 
that the several functions of this simple construction were 
correctly anticipated. The endurance of the wood, conse- 
quent upon its relief from vertical ja and the mutual 
8 of the edges of the blocks, was by pro- 
bably not less than one-half or two-thirds. An even- 
grained well-grown deal, of medium weight and harduess, 





empty weights could be ascertained with precision, and the 





offered the best conditions, as far as experience went. 





As regarded built roads, much was generally said upon 
the question of elasticity above alluded to ; and it was one 
rere commonly reer rehended. ~ Distinction was not 
made between two widely different theories, viz. :—Was 
road-elasticity requisite as it affected the traffic, or was it 
desirable as concerned the road itself? Within limits, it 
was as advantageous to one as it was detrimental to the 
other. Elasticity of road was for the benefit of the traffic 
exclusively, and not for that of the road ; and the inference 
was that, if anywhere, it should be immediately at the sur- 
face and thereonly. A totally inelastic road, whether ab- 
solutely smooth or designedly uneven, was open to objections 
practically, on other grounds ; herein lay the chief 
characteristic which had brought wood into favour. Con- 
currently with a reasonable degree of durability, which 
admitted of being used to the utmost advantage, it pre- 
sented always and uniformly, a slight degree of surface 
= to the immeasurable saving of vehicles passing 
over it. 

The standard of comparison, therefore, to which street 
pavements should be ref » must embody the two ele- 
ments deducible from the preceding remarks, viz., the work 
performed (as represented by some systematic scale as 
suggested), and the sum total of direct expenditure upon it 
during a recogni unit of time. Of three materials — 

am, granite, or porph sets and asphalte—the 
first was beside the question, if only on the ground of 
its representing under similar circumstances a fixed charge 
of from 3s. to 6s. per superficial yard per annum. 
Granite was at the present time more nearly balanced 
with wood—excelling it somewhat in the matter of cheap- 
ness, but outweighed by it on the score of noise and 
inj to vehicles owing to its rigidity— the latter 
two defects insuperable, excepting at a cost which was 
but rarely bestowed upon it. Asphalte, labouring under 
an occasional deficiency insuperable at any cost — viz., 
absence of foothold — was nevertheless to be regarded 
favourably in point of cost, and would rank high solong 
as the definite solution of the — of durability stood in 
abeyance. Meanwhile the above notable failing, together 
with the difficulty attending partial repairs, must detract 
from the value of the money figure to be assigned to it. 

In view, therefore, of the few materials at command, and 
of their several qualities and defects, the following questions 
-- ane > c _ ee — st : . 

irstly. Was the policy of pavi or heavy traffic to 
aim at reduction of frst cost and the votabtine of certain 
alleged advantages attached to systems of continuous main- 
tenance? or at the extinction of maintenance, and the 
acquisition of durability, combined with certain alleged 
disadvantages accompanying great resistance to wear ? 

Secondly. Could a paved surface be made to fulfil the 
needs of tractive power by the intrinsic nature of any 
material, independently of designed mechanical form tend- 
ing to obstruct free draught or load ? 

And lastly. Could the durability of any description of 
wood, compatible with reasonable cost, be enhanced either 
in construction or in maintenance, so as to place it on a 
commercial rank with substances of greater resistance, but 
of less advantage in other respects ? 


THE OSCILLOMETER. 
On an Instrument for Measuring the Angle through which 
a Ship Rolls or Pitches at Sea.* 
‘ By R. CLARKE. 

lr is an ascertained fact that for the purpose under 
notice, instruments depending upon the principles of 
gravity and inertia are liable to considerable error. 

The most approved method hitherto in use is that of fix- 
ing a batten to the ship’s side, and noting its deflection 
below a line drawn from the observer’s eye to the horizon 
(see ENGINEERING, December 14th, 1877}, a method which 
the instrument now brought forward is intended to sup- 
plant, as it will not only be more convenient to use, but 
the observations will be more correct. 

Description of the Instrument.—In the annexed sketch, 
iiaa tae ole cee fixed in its optical centre, 
similar to the telescope of a theodolite; Bis a vertical 
limb;  semypgec and reading right and left to a distance 
of 45 deg. on either side of the zero point and subdivided 


* Paper read before the Institute of Naval Architects- 
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to 30 min. ; C isa vernier, graduated to read to 30 sec. The reading of the vernier to the left of the zero point shall Strength of the Brooklyn Bridge.—Colonel W. H. Paine 
2 
outer edge A the vertical limb B is toothed and geared | coincide with the angle of dip of the horizon (that adjust- | assistant engineer of the Brooklyn Bridge, on being asked 
the la’ } 
into a pinion D bes tter being made to revolve bya milled | ment once made the ca eaded screw h should not | recently to state the strength of the bridge when completed 
head 1 on the of its axle; an arrangement which gives | afterwards be touched). The zeros on the limb and vernier | for travel, said that when filled with cars, teams, and pas- 
" P 
to the "telescope. Eis a socket en- | being brought to coincide, and the instrument placed at | sengers, there would be a distributed train of 30 Ib. per 
closing a vertical spindle upon which the instrument | the proper altitude, with its vertical axis perpendicular, | square foot. The bridge was able to —_ a strain of 
in a line drawn through the centre | 0.89 ton to the lineal foot. It had been ulated that 


revolves horizontally ; and F is a socket for securing the 
instrament on to the stand when in use. 
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— 














The stand may be a pillar of simple form in which 

the two requisites of 88 stiffness are combined, 

either permanen: = i See into a per- 
fixed socket oo say convenient “positon, 

upon the fore and aft centre line of the ship ; in either cas 

the exposed screw should be covered with a cap. 


A justment.—Two marks, similar to the zero lines of 
the limb and vernier, one upon the frame of 
the arenes, the "the other u the vertical limb in such a 
position that when brought to coincide the vertical and 


page emi the instrument shall be at right angles to 
ven these tre meets have been so brought 
pyle A he which is firmly secured to the arm 
of the vernier, be adjusted by means of the capstan- 
headed screw A and the milled-headed screw ¢, until the 





the optical axis will be i 
of the instrument, and produced to the horizon. 

Mode of Using. —The instrument being placed +7 its 
stand, the telescope fixed in the proper direction by the 
clamping screw 1,* and focussed by the milled-headed 
screw k, the line of sight is kept di to the horizon by 
turning ‘the a ion D until the roll of the ship attains its 
maximum, when the angle is read off by the er ™. 

The instrument can be taken and ly packed 
in a small box, and the following Table of “ af of the 
Horizon,” together with instructions for adjustment and 
gens be printed on a card and placed in the box along 
wi 


Apparent Depression of the Horizon, from Chamber's 
Tables. 





Height of In-| 





Height of In- 

strument in |Dip in Minutes/ strumentin Dip in Minutes 

Feet above | and Seconds. | Feet above | and Seconds. 

Sea Level. Sea Level. | 
ft. mins. secs. ft. | mins. secs. 
10 3 3 21 | 4 26 
11 3 12 22 | 4 82 
12 3 se eS | 
13 3 29 24 4 45 
14 3 «87 % | 4 51 
15 3 45 26 | 4 56 
16 3 52 27 5 2 
17 3 59 28 | 5 8 
18 4 6 29 5 13 
19 4 18 30 | 5 618 
20 4 20 | 














FOREIGN AND COLONIAL NOTES, 
Matériel for the Belgian State Railways—Contracts 
are about to be let for 225 new goods and coal trucks of 
various kinds for the State . Contracts 
are also about to be let for 231 switches 200 crossings 
for the same system. 











* This screw is not shown in the sketch. 


7200 teams could pass in an hour, at the i... ‘of 200 ft. in 
a minute; 80 cars could be permitted on the bridge at 
once, allowing six minutes for crossing; each car would 
hold 100 passengers. Thus 80,000 passengers could cross 
in an hour, besides those on foot. The strain on the 
anchorage was about four times less than the m 

of safety; that on the suspenders eight times less. The 
safe distributed load of the bridge was 1311 tons. This it 
could carry safely, and it hada margin of safety of five ; 
that is, when the bridge was filled to its full capacity it was 
able to carry a boy —-4 - times greater. The weight of 
the bridge itself is 5976 tons. 

The Albert Bridge, Adelaide (S.A.).—This bridge, 
which is expected to be completed within the next two 
months, is entirely an iron erection, with the exception of 
the abutments, which are of stone, the lower part from the 
ground line to the plinth course ‘being from Mr. Bundy’s 
quarry at Teatree Gully, while the piers, | agg ere and coping 
composing the superstracture are ane eactet with 
Sydney freestone. e bridge has a total length of 120 ft. 
between the abutments, and is composed of three spans, 
that in the centre bei: 60 ft, and those at the ends 30 ft. 
each. v4 total width is 42 ft. between the handrails, 

divided in 2 merry of 30 ft., and two footpaths of 
6 ft. The oy the appearance of an arched structure, 
but in reality it consists of continuous girders throughout, 
of which those over the central opening balance the side 
spans, which act as cantilevers. By this arrangement no 
weight is thrown upon the —- 5 The bridge is 
erected under the superintendence of ian ro 
surveyor of Adelaide, by Messrs. Device and W 
contract price being 75501. 

Fast Trains from Paris to Marseilles.—The Paris’ 
Lyons, and Mediterranean Railway Company is about to 
put on a fast train from Paris to Marseilles, s from 
the capital at 8 a.m.. and reaching the shore of the Mediter- 
ranean at 1) p.m. The 600 miles will thus be gone over in 
15 hours. 

Nova Scotian Coal.—The paaeinn of coal in Nova 
Scotia in 1878 was 770,603 tons, compared with 
757,496 tons in 1877, and 709,646 ton te in 1876. The sales 
last reached 693,511 tons, and the colliery consumption 
was 88,627 tons. 
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STANDARD SIZES. 

Tue subject of standard dimensions in machine 
fitting is one which engaged the attention of a few 
of the leading engineers in this country at an early 
date, and while in many of the leading establish- 
ments uniform sizes are carefully maintained, there 
is yet a large amount of machinery made either 
without gauges of any kind, or from some arbitrary 
standard which prevents interchange. Perhaps 
no Government has done more than that of Great 
Britain in a practical way to establish uniform lineal 





Sa 
X 


measure. In at least three 
are fixed for public use, care 
the truth of lineal measures, these being strong 
castings of bronze set in masonry, the distances 
carefully set out in the most convenientform. There 
is thus no want of references, and we suspect the 
reason why machine dimensions are not maintained 
with more uniformity in this country is because the 
implements employed for the transmission of the 
standards are not as carefully studied as they might 
be, an opinion strengthened by the examination of 
some drawings of implements and machines for 
transmitting sizes made at the American Standard 
Gauge and Tool Works, Philadelphia. Of these 
implements we annex engravings, and we may add 
that we are indebted for the drawings to Messrs. 
Richards and Atkinson, of Manchester, who repre- 
sent the makers in this country. 

The ordinary means of transmitting sizes is by 
fixed calipers, such as is shown in Fig.1. We mean 
when gauges of any kind are used. These calipers 
are made of steel hardened and carefully adjusted to 


Pe one in London there 
ully prepared tests for 
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different de s of accuracy as the use to which 
they are to be applied will demand. The severest 
limit of guaranteed accuracy is ,55th of an inch, 
and the highest y5455th of an inch for tools of this 
kind. With a set of these calipers there is usually 
furnished a corrective standard by which they can 
be kept in adjustment. These corrective standards, 
shown in Figs. 2 and 3, consist of a series of discs or 
collars of steel or iron, ground carefully to size and 
mounted on spindles, so as to be turned round or 
removed at pleasure. 





Mounted as shown in Fig. 2, these gauges are 


Fia. 4. 


intended for common use in a works, that is, for 
setting adjustable calipers or other purposes. One 
end is arranged with the odd sixteenths and the 
other by even eighths of an inch, so that the sizes 
can be more readily found. 

The most common form, however, for these 
gauges is the discs to be arranged all in one pyramid, 
tapering from right to left, and mounted in an iron 
case provided with a lock, as shown in Fig. 3. In 
this form the implement is safe from improper use, 
and is presumed to remain in charge of a er, 
who can at pleasure ins the calipers to see they 
are right, and if found wrong correct them by a light 
blow on the outer or inner edge, as the case may be. 
The limit of accuracy in adjusting these corrective 
gauges is from to shop, the price varying 
accordingly. The standard employed for dimen- 
sions is taken from the imperial yard of Great 
Britain, and is the same with other gauges now in 
use. Asa system of maintaining sizes, this method 
has we think much to commend it, especially as the 











implements employed form parts of a more extended 


407 
outfit when required. Calipers are in any -case 
necessary, and the testing gauge in the hands of a 


manager will generally insure careful inspection. 
We next come to calipering and measuring 
machines. For ordinary use in turning, boring, 
planing and so on, fixed calipers which are not 
wholly inflexible answer very well. The variations 
not exceeding one or two-thousandths of an inch will 
not be appreciable in the majority of cases, but in 
preparing screw taps, rimers, and especially turning 
mandrels, it is convenient to have indicating ma- 
chines which will show variations as the true size is 


): 
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approached, or enable pieces to be turned with a 
definite variation above or below size. Such ma- 
chines being inflexible, or nearly so, there is not 
much difficulty in “ hitting” a size without loss of 
time or danger of making pieces too small. Weare 
informed that in small tool making the workmen 
when once accustomed to using one of these caliper 
machines become wholly confident, and will deal with 
the thousandths of an inch the same as sixteenths, 

Fig. 4 shows a machine of the kind with a range 
of 4in.; one of the index wheels being divided 
decimally, and the other to read the ordinary divi- 
sions of an inch, the scale being on one side for five- 
thousandths and the other four-thousandths of an 
inch. The spindles are made to revolve, the ends 
being “cupped” or concave, so as form double 
points. This see cheapest form of such ne 

et having ample range for ay purposes, an 

ve are informed that by some additional expense 
the machines can be ‘ade to measure correctly, and 
are guaranteed to indicate within 


th part of 
an inch for any division of 4 in, Measuring, it 
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must be remembered, is a very different thing from 
calipering or transmitting sizes ; this difference will 
be explained further on. . : 

Fig. 5, on the preceding page, is also a cali- 
pering machine with a range of Gin., one of the 
points being fixed and the other carried in a sliding 

indle like the poppet head of an engine lathe. 

ere being one stationary point or set of points, 
a movable index is required at the indicating wheel, 
so that when asize is set for, the index can be moved 
around to zero or some whole number on the dividing 
wheel. The divisions in this machine are for ten- 
thousandths of inches. Itis not made for measuring, 
yet by employing a very true screw, such machines 
may read with considerable exactness, or even 
correctly, at some assumed temperature. 

Fig. 6:is a side elevation of a measuring machine 
which, as before remarked, is a wholly different 
thin i one. When at 

one to which the machine 
has been adjusted—the ts are brought into con- 
tact and then , the — on the index 
wheels are presumed to give standard lengths to 6 in. 

To construct, or rather to adjust, such a machine 
may be the work of months, and involves great 
care and exactness, The present machine when 
constructed was to measure by the move- 
ment of carefully screws, but this was found 
impossible, because if even 3in., 4in., or 5 in. could 
be measured with exactness, intervening distances 
would vary appreciably, and there was no way but 
to procure the most reliable standards, and then by 
hundreds or thousands of tests adjust each end of 
the machine at ev point of movement. The 
movable indexes bearing on the points shown are to 
correct the imperfections of the screws, and the lines 

traversed by the points which touch the top of the 

index vary in a singular manner. To reduce the 
screws to absolute parallelism, and provide against 
back thrust or loose play in the different parts, was 

a difficult undertaking. 

Measuring machines have been made on several 
plans in so far as securing true movement, or gradua- 
tion as it is called, but no method is so simple as that 
of employing screws, which occupy but little room, 
can be protected from dust and accident, and are 
understood by every one. The deflection of a ma- 
chine such as that shown in Fig. 6 would scarcely be 
thought an element to be taken into account, yet 
before true readings could be had the balance 
beams had to be placed under the frame. The two 
screws seen beneath each end of the frame are set 
up enough to prevent oscillation on the central 
pivot, but if these screws are set soas.to receive 
any considerable part of the weight of thé frame 
the flexion will produce a sensible difference in the 
points, and an obvious reading on the index, The 
wooden cover in the throat at the centre is removed 
in measuring large pieces. 

The variations due to the expansion and contrac- 
tion of parts of machinery become a very apparent 
phenomenon in dealing with machines and imple- 
ments such as we have been describing. The gaug- 
ing of locomotive parts by Messrs. Diibs and Co., of 
Glasgow, in a room where the temperature is kept 
uniform, will not seem a useless nt ‘to any 
one who has had exact measuring to do; indeed the 
matter of isa serious: i 


to be dealt with in making gauging implements. 
Sixty degrees has been very generaily adopted in 
this country as a constant for fixing dimensions, 
and is no doubt a convenient one for the climate, but 
in America, where for months sometimes a tempera- 
ture as low as 60 deg. is not reached, 70 deg. to 
75 deg. is founda more convenient scale, and has 
been adopted in the Standards Department at 
Washington. 

The scale of temperature in different countries 
has to be made to depend on the heat of summer, 
because there can be but little, if any, control over 
that heat; when the temperature falls below the 
normal point artificial warmth is easily supplied, but 
cooling is a different matter. In the better class of 
mere where accurate measurements are gene- 
rally made, the temperature is kept much the same 
throughout the year, unless raised by summer heat, 

In so far as gauging is concerned, however, varia- 
tions of temperature do not cause much trouble, so 
long as only one kind of material is to be dealt 
with; it is only comparative change which need be 
taken into account, Test rods for lineal measures 
are often made from straight grained wood, ayees 
with metal points. Pine wood is almost free from 
changes due to temperature, but such rods are by 
no means 80 convenient as those made from iron or 


} and the: 


steel, their constancy becomes a fault, because what- 
ever is measured must be brought to a standard 
temperature, otherwise readings will be wrong. 
Rods of steel, covered with wood to prevent in- 
duction in handling, are the best. Such rods follow 
the temperature of other metal articles exposed to 
the same conditions, and have the merit of being 
without joints, and are safe from derangement. 








THE INNER CIRCLE COMPLETION 
RAILWAY. 

TuE decision of the Committee of the House of 
Commons upon the Metropolitan and Metropo- 
litan District Railway Companies’ Bill, is to the 
effect ‘“‘that they have determined to pass the 
preamble of the Bill, but on this condition that a 
proviso be inserted in the preamble that the Inner 
Circle shall be completed first.” ‘That theyyare 
not prepared to give compensation for yibrationy 
nor to require that the company when ‘property 
is underpinned should take the whole property, and 
they are not prepared to give compensation for 
temporary loss of business during construction.” 
Taken in connexion ‘with the whole tenor of the 
proceedings which led to it, it recognises the works 
authorised more in the light of a public benefaction 
than as a private commercial enterprise. 

To the casual observer the completion of the 
Inner Circle means only the construction:of part 
of a railway, contemplated so far back as the year’ 
1864, and thrown into abeyance for want of the funds’ 
required to make it, but a careful investigation of the 
objects which it will effect reveals a great deal more 
than that. To the public north of the Thames, the 
completion of the Inner Circle means immediate access 
to every part of London by the cheapest and most 
expeditious means possible. To the public south of 


the Thames it opens, by means of the East London} 


connexion, an hitherto unexplored and practically 
inaccessible district. 

The proceedings upon the Bill differ from the 
ordinary run in this, that the proof of the preamble 
seems to have been assumed beforehand by pro- 
motersand opponents, and in fact some of the latter 
vied with the former in their endeavours to bring it 
about. Another novelty is that the Bill practically. 
proposes to effect nothing more than could have been 
accomplished by a work already authorised, andto 
carry out which a company has been incorporated 
and is nominally existent in the shape of the Metro- 
politan Inner Circle Completion Company. * 

The case is interesting in many respects, but im 
nothing more so than the sort of half-smothered 
hostility between the two promoting companies: 
which underlies it throughout. They have been so 
long enemies to each other, have in turn coquetted 
and. skirmished, cajoled, reasoned, and defied 
so often that the shaking of hands between the two 
professional chairmen savours more of the kind 
exchanged between two boxing men upon entering 
the prize ring than of cordial joint action; the cloven 
hoof accordingly crops up at every convenient 6p- 
wey mpe d this is appatent in Mr. Forbes’s evidence, 

ut is most conspicuous ‘with Sir Edmund B 
(who a as counsel for the Bill) in dealing 
with the transactions between the district com 
the:Metropolitan Inner C 
Completion Railway. 

The Bill authorises the construction of four rail- 
ways, viz., No. 1, which is 1 mile 1 furlong in length, 
commencing by a junction with the rails in the 
Mansion House Station and terminating by a junc- 
tion with the rails in Aldgate Station. No. 2,1 
furlong 1.12 chains long, commences by a junction 
with the rails of the Metropolitan ilway in 
Aldgate, and terminates beneath the roadway of 
Whitechapel High-street, near the south-west 
corner of Goulston-street. No. 3 is 9.75 chains in 
length from a junction with railway No. 1, near the 
house numbered 4 in Three King’s-court, Minories, 
to the termination of railway No.2; and No. 4, 
being 5 furlongs. 9.45 chains Jong, is a connexion 
with the East don Railway, commencing at the 
termination of railway No. 2 and terminating near 
the junction of East eek oneeah with the White. 
chapel-road. The total length of new railway is 
1 mile 7 furlongs 20.32 chains. 

By the above description it will be seen that rail- 
way No. 1 is the connecting link which completes 
the Inner Circle, railway No, 4 is the extension 
to the East London Railway, and railways 2 and 3 
are spurs by which the latter line and its extensions 
to the Brighton and South-Eastern Railways at New 


According to present arrangements we under. 
stand the East London service from New Crossis to 
be by quarter-hour trains, taking alternately the 
northern and the southern routes round the circle, 
The stations upon railway No. 1 are to be at the 
South-Eastern Station in Cannon-street, London 
Bridge, Trinity-square, and Aldgate. 

The total estimate for the railways is 2,365,2617., 
being 754,836/. for works, and 1,610,425/. for land 
and contingencies. The street improvements are 
estimated at 929,412/., but part of the cost is in- 
cluded also in the estimate for railway No. 1. 

The Bill limits the period for compulsory purchase 
of lands to two years, and for completion of the 
works to three years. The capital is to be 2,500,000/, 
with borrowing powers to the extent of 400,000/. to 
each company. The powers of the Act are vested 
in a joint committee to be called ‘ the Metropolitan 
vand..District. Joint Committee.” The tolls are to 
be in accordance with the Metropolitan 
ae ee The a is a voluminous, 

ut is 80 principally. by the«protective 
clauses with which it ts caudally: thats being near 
twenty te parties i provisions 
of that description; the capital machinery also ex- 
tends to many clauses. «9 

Powers are inserted to agree with the ‘Cér- 
poration, the Commissioners of Sewers; and the Me- 
tropolitan Board:of: Works, as to the construction of 
new streets and the proportion of the expenses to be 
borne by those bodies, but they are of a permissive 
character, and, we gather from the evidence, have 
been purposely left open with a view if possible to 
final arrangements before the Bill is presented to a 
Committee of the House of Lords. In order to 
enable these latter provisions to be carried into 
—— a ‘nore have reported oe ee House 
t 56th, Standing ,Order, prohibiting com- 
reve from: applying their: funds»: to: purposes 
oreign to those: for which ‘they were incorporated, 
ought to waived, 

The Bill was opposed by counsel on behalf of the 
Corporation of London, the Metropolitan Board of 
Works, the North Metropolitan Tramways Com- 

any, the Great Eastern and London and Blackwall 

ailway Company, the London and North-Western 
Railway Company, the Metropolitan Inner Circle 
Completion Company, the Whitechapel District Board 
of Works, the trustees and vestry of St. Mary, 
Whitechapel, the Skinners’ Company, Sir. W. H. 
Peek and Messrs. Peek Brothers and Co., John 
Early Cook, Joseph Hughes Kershaw and Mr. 
Haines, Reginald Hanson and others, the trustees 
bof the charities for the parish of St. Dunstan in the 
}East, owners and occupiers within or near the line of 
works, and Sir Thomas E. Colebrooke, while twenty 
other petitioners appeared by agents only, making an 
array of thirty-six opponents in all, taking actual and 
nominal together; for the South Eastern, Brighton, 
and East London Companies, although interested in 
the passing of the Bill, presented watching petitions 
with a view to clauses. 
The engineering part of the case was proved by 
Sir John Hawkshaw and Mr. Wolfe Barry, but the 
principal part of their evidence seems ta be directed 
*° Neither Sir Bavvard, Wathter or 
| Neither Sir Edward. »Mr, Fenton was 
called, the whole burden-of proving. 
to the Committee A 
J.S. Forbes, and everybody i with Parlia- 
mentary private business must admit that it could 
not possibly have fallen upon better shoulders, As 
a Parliamentary witness Mr. Forbes stands alone. Mr. 
Grierson is perhaps more wary, and consequently 
safer, but for impressiveness, lucidity of expression, 
and carrying conviction home to his hearers, Mr. 
Forbes is pre-eminent, How far he really believes 
all that he says, is best known to himself, but he 
certainly has the gift of persuading other people 
that his own views are the correct ones. Mr. 
Forbes had a difficult part to play on the present 
occasion, in consequence of his connexion with the 
Metropolitan Inner Circle Completion Company, 
but he showed himself equal to the task. — 2 
His evidence is instructive, in a statistical point 
of view, and as containing ideas upon a subject of 
which he is the present leading authority. Some of 
the principal points are as follows: The District 
Company was incorporated in 1864. The original line 
was hea the Mansion House by the Thames Em- 
bankment to High-street, Kensington, then to 
Earl's Court pointing northward to a junction at 
Addison-road with North and South-Western 
Junction Railway, and. again south to Brompton, 
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Cross are to be connected with the Inner Circle. 


continuing that line to Chelsea. It has connexion 
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with the North-Western system at Addison-road, 
with the South-Western system to Richmond, 
and with the Midland, who run into the station at 
High-street, Kensington, and could, if they chose, 
run into South Kensington, where their powers 
cease. At present they stop at Earl’s Court. 

The District line also forms connexion with the 
Great Western system at Westbourne Park, and 
they are constructing another junction at Ealing. 
The total length of the District line is a little over 
eight miles. Their capital is 5,500,000/. Their present 
gross income is 350,0007. 

The Metropolitan Railway was authorised in 
1854 from Farringdon-street to Paddington. As 
the result of the Parliamentary inquiry with 
reference to the circular completion, they got 
powers to extend to Moorgate-street and Trinity- 
square, and from Bishop’s-road to Kensington 
High-street and to South Kensington. The Inner 
Circle Completion was ‘part of the original power 
to both companies in 1864, The joint companies 
carried in 1878, 90} million passengers, the District 
carrying 31} millions, and the Metropolitan over 
58 millions. As far as can be ascertained the cab 
traffic of London is approximately 8 millions; the 
omnibuses carry about 88 millions; and the tram- 
ways 57 millions ; steamboats about 20 millions. 

The District Company’s traffic increased between 
1874 and 1878 from 15 millions to = millions, 
which was the result of opening the line from 
Blackfriars to the Mansion House. Previously to 
the opening of the Hammersmith Extension, the 
District booked through to Hammersmith by the 
South-Western connexion, Up to 1874 that traffic 
was represented by 64,000 passengers annually. In 
that year the Hammersmith Extension was open, 
and the numbers increased to 2,430,000, and have 
since reached 3 millions, an increase due to the 
saving of time by the new route and more frequent 
service of trains. The increase of traffic over the 
two systems together, between 1871 and 1878, has 
been from 57,800,000 to 90,249,000, equal to 5 per 
cent. per annum. 

Before the District and the Metropolitan Com- 
panies got power to work round through Praed- 
street to South Kensington, there was no public 
conveyance whatever running north and south be- 
tween Regent-street on the one hand, and Church- 
lane, Kensington, on the other hand. There was 
nothing up Park-lane, or up Palace-road, and no 
other means than cabs for the public to find their 
way along that route, therefore there was no traffic. 
The railway companies had for some time to sub- 
sidise the first line of those red omnibuses which 
run between Victoria Station and Paddington, but 
now the omnibuses do very well witkout them. 
This is instanced as a measure of the existing 
traffic, 

For the purpose of explaining the result of the 
connexion between the two companies, a map was 
handed to the Committee showing the Under- 
ground Railway divided into four blocks. All the 
stations on the Metropolitan from Aldgate to the 
Portland-road were grouped in Block A. The sta- 
tions west of Portland-road, as far as High-street, 
were in Block B. All the District stations between 
High-street and St. James’s Park were in Block C, 
and from St. James’s Park to the Mansion House in 
Block D. 

_ The two blocks immediately contiguous, B and C, 
in 1878 interchanged 3,433,000 ngers, that 
being the part where before the railway was 
a there was no conveyance of any kind. 
rom A to C, that is the extreme end of the Me- 
tropolitan north, to the Kensington district, 24 
millions; then from Notting-hill, Paddington, 
Royal Oak, and the Royal Oak district, to the 
Block D, that is the extreme end of the District 
line, 2,033,000 ; and most singular of all, from the 
extreme Block A on the one hand, to the extreme 
Block D on the other hand, 205,000 people found 
their way round that enormous district, in fact, 
went round the whole circle, Mr. Forbes expects 
o- 3 Arcane yous interchanged on the new 
ine. e present scheme i i 
that of 186f, is practically the same as 

There is a difficulty about terms with the public 
bodies, that is, the Commissioners of Sewers and 
the Metropolitan Board of Works. To properl 
carry out the works, Eastcheap must be Tite, 
therefore the property on each side of Eastcheap 
would have to be taken down, and the same as to 
Tower-street, It seems that directly that is done, 


the Commissioners of. Sewers have power under one 
to step in and take the land as vacant 


of their Acts 








land, and acquire it solely as vacant land, without 
paying any of the enormous expense for trade com- 
pensation, which of course would be done by the 
railway companies, but Mr. Forbes intimated 
plainly they declined such terms. In fact, he 
stated that if the railway companies were to be 
saddled with the cost of street improvements, the 
undertaking will have to be given up. He inti- 
mated, however, that between the ing of the 
Bill by the Committee and its introduction to the 
Lords, difficulties of this kind might be settled. 
The clause referred to is Section 74 of the Metro- 
polis Local Management Amendment Act, 1862. 

Sir John Hawkshaw estimates the cost of the street 
improvements, if constructed by the City authorities 
asa work by themselves, at 930,000/., but if con- 
structed simultaneously with the railway works they 
would cost something under 500,000/. 

This is the way Mr. Forbes put it to the Com- 
mittee: ‘* What we want to establish is that this is 
an occasion for carrying out a railway of the greatest 
public advantage, and I do not ignore the advan- 
tages to the companies themselves. Concurrently 
with that there is an opportunity of doing a great 
public work at much less cost than if it stood alone, 
and we are willing to contribute a fair share towards 
the burden, but not more than a fair share.” He 
contends that by doing the work jointly the public 
bodies will save over 400,000/., and he thinks it unfair 
that the whole of that should go into the pockets of 
the authorities. He suggests that any difference 
which may arise upon the fairness of the proposition 
should be settled by some such person as Lord 
Derby ; and we may add here that Sir Henry Peek, 
although an opponent of the Bill in his own private 
interests, agrees with him. 

Mr. Forbes is more felicitous in dealing with the 
question of vibration in relation to underground 
railways. He says, “I have been in vibration cases 
for years, St. John’s Wood vibration and all the 
extension vibrations. And what is the practical 
outcrop of it all? The moment we make a railway 
we are pestered out of ourlives by people who come 
and want to build upon the very walls that hold up 
the place.” ‘‘They do not fear about vibration. 
Vibration is a charming machinery for inventing a 
claim to impose upon a railway company. That is 
the real interpretation of it.” 

In speaking as to the junction with the East 
London line at Whitechapel, Mr. Forbes states, 
“It is a very important communication indeed, 
bringing the whole of west and middle London in 
connexion with the east; in fact, unless you do these 
things I do not know how the business is to be 
carried on in London.” ‘ You will never do them 
more cheaply than now, because every year the 
expense of these works becomes greater and greater. 
They are wanted, and they are wants which must be 
supplied. How the millions are to be kept moving 
without them I cannot tell.” 

The objection to the present junction of the East 
London with the Great Eastern and Metropolitan 
is, that it only opens a portion of the Metropolitan 
system, whereas the popes Whitechapel Exten- 
sion—if the Inner Circle be completed—o the 
whole of the Metropolitan Circle. Were the Inner 
Circle completed, trains might: be run every two 
minutes if the traffic required it, the seryice being 
continuous without any terminus, and if neces- 
sary these could, it is stated, be again increased to 
1} minutes. Ordinary stoppages at stations now are 
under half.a minute, At the Mansion House a train 
is detained from 3 to.4 minutes; thus, by the com- 
pletion of the circle the capacity of the railway 
when worked on the circular system is theoretically 
enormously increased, as compared with the capa~- 
city of the railway on the dead end theory. Prac- 
tically, however, the gain will we anticipate be 
somewhat less than is estimated, as engines cannot 
be run round the circle continuously hour after hour 
without. stops being made for cleaning fires and 
taking in water and fuel, &c, There are, however, 
several arrangements by which the delays due to 
these causes may be materiaily decreased, and no 
doubt some of these will be resorted to. In any 
case, however, the adoption of the circular system 
of working will effect a saving of time to an im- 
portant extent.. The present train seryice.is six- 
teen trains an hour, and twenty occasionally. All 
the traffie got by the Whitechapel route will be new 


c. 

A great deal of the traffic coming through the 
Inner Circle will be what is called, transfer, traffic, 
that is to say, transferred from more roundabout 
modes of gettingfrom the north to the south by the 








west. The question of ventilation is to be met by 
putting up what Sir Edmund Beckett says may be 
called chimneys, ornamental posts, or lamp-posts, 
and they are to be stationed at intervals in the 
middie of streets or roads to carry off the steam, 
and we Te ke also to admit air. 

Mr. Forbes also gave his views upon the case of 
the promoters of the Metropolitan Inner Circle 
Completion Railway, having previously referred to 
clanses which committees insisted upon being 
inserted in the Metropolitan Railway and Metro- 
politan District Railway Acts, binding them not to 
Oppose any independent scheme which might be 

terwards promoted for completing the Inner 
Circle, 

Mr. Forbes having devoted so much of his 
attention to facilitating the conveyance of pas- 
sengers by the underground railways, naturally 
directs his evidence principally to that traffic, and 
in talking about the overcrowded state of the 
streets of London, speaks of distributing the people 
as though that was the great or only consideration ; 
but no one can know better than Mr. Forbes, that 
the goods traffic of the metropolis is what causes 
the principal obstruction. some one would 
invent a means of reducing this, he would be the 
real street benefactor to London. 

No financial case ap to have been submitted 
to the Committee, neither is there anything in the 
Bill which specifically defines what proportion of 
the traffic is to be set apart in respect of the money 
to be raised under the Act. Mr. Forbes says that 
when the Inner Circle is completed, the present 
service of sixteen trains per hour is to be increased 
to thirty, and if requisite to forty, in which case it 
would seem that the works about to be constructed 
are expected to double the present receipts. If 
it can be shown that such an ‘assumption is well 
grounded, and the apportionment of profit to the 
new undertaking is made upon that basis, there 
ought to be little difficulty in raising the further 


7 
he opponents of the Bill appear to have had an 
equally difficult task with Mr, Forbes, though in 
quite a different respect. The ing of the 
preamble by the Committee being m ted all round 
as a foregone conclusion, all that could be done was 
to try and hamper the companies with as many 
difficulties as could possibly be heaped upon them, 
and perhaps the excess of pressure in this way de- 
feated its own object, and may have induced the 
Committee to consider that they must either admit 
all or reject all, and so compelled them to adopt the 
latter course ; however that may be, the result is 
that the companies have come off with flying colours, 
The,Great Eastern yg whom one would 
suppose the defeat of the itechapel Extension 
was of vital importance, appear to have made but 
a very poor case, whilst the old manceuvre of sub- 
sidising other opponents, becomes in the hands of 
such a counsel as Sir Edmund Beckett the identical 
means by which the perpetrators of it will ultimately 
have to commit suicide. The most curious :part of 
the proceedings in connexion with this Bill turns 
upon the case of the Metropolitan Inner Circle 
Completion Company, who stood in the anomalous 
position of opponents’to a Bill, the passing of which 
was as essential to them as breath is to life. The 
history of this company and the case put forward 
by them is treated by Sir Edmund Beckett: thus : 
‘* Whereas a company was incorporated in 1874 
for completing the Inner Circle, with a capital of 
1,800,000/.,.and a competing bill of the oe 
Company for the same —— was rejec And 
whereas the company having raised none of such 
capital, got an extension of time for two years in 
1876, and an agreement with the District ——~ 
was scheduled to that Act, allowing the District Com- 
any to tee an income of 64,000/. a year to the 
nner Circle a in’ priority to all their»own 
dividends; but, the preference s olders of the 
District Company refused to allow such priority, 
and the agreement was modified accordingly. And 
whereas the Inner Circle: Company tried ;to :raise 
their capital-on the faith of such agreement, but 
received so, little that they returned it all: And 
whereas in 1878 they got another extension of time 
which will expire next year, avowing that. they 
had. found that their line was not the: -best that 
could be made. And whereas they have’ done 
nothing more and have no» capital, Therefore the 
two companies shall to the Inner Circle Com- 
pear whatever shail 

or all the expe i 

Bills as aforesaid, including all professional charges, 
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and all the compensations which could have been 
claimed under agreements with the promoters of the 
said Bills if this Act had not been passed, and if the 
capital for the said Inner Circle had been fully sub- 
scribed.” 

Advocating, as we always have done, in the 
interest of the engineering profession, the promotion 
of independent lines for further developing the rail- 
way system of the country wherever they may be 
required, we have naturally no wish to be hard upon 
the promoters of the Metropolitan Inner Circle 
completion scheme. We also fully admit that the 
Committees upon the two Metropolitan and Metro- 
politan District Railway Bills to which Mr. Forbes 
refers, by inserting clauses binding those companies 
not to op any Bill having for its object the com- 
pletion of the Inner Circle, put a premium upon 
the promotion of Inner Circle Completion Bills, 
and created a bait which we confess to sur- 
prise at not finding more generally nibbled at. 
At the same time we think it a pity that this case 
was not settled outside the Committee room, as we 
cannot help feeling that the whole affair is open to 
a construction very different from that put upon it 
by persons who view it only by the light of railway 
polities. Many projects more deserving in our 
opinion have been born to blush unseen, &c. No 
action appears to have been taken by the Com- 
mittee in the matter. 

What may be termed the lay opposition related 
principally to underpinning, vibration, and struc- 
tural e. Many witnesses were called upon 
these points, among whom were Sir Henry Peek, 
M.P., in respect of his firm’s business premises in 





last week ( 392 and 393 respectively) the papers 
| by Mr. H. Kr Maynard, C.E., ‘On the Use of Steel 
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East Cheap, and Mr. Samuel Morley, M.P., as re- 
presenting the Weigh-house Chapel, but their 
efforts appear to have been unsuccessful. Above 
forty witnesses altogether were examined against 


the Bill. 

Of course the decision of the Committee prompted 
many of the opponents to carry their cases to what 
is technically termed by our learned friends “‘ another 
place.” Thus far all has gone well with the new 
undertaking, but unfortunately for promoters the 
successful passage of a Private Bill through the 
Commons is no tee for its acceptance by 
the Lords, and it now remains to be seen which of the 
outstanding opponents can be settled with, before 
the Bill reaches the Upper House, and who will 
follow it there. 





IRON AND STEEL INSTITUTE. 
WE publish, on another e, the full text of the 
per on ‘‘ The Use of Steel in Naval Construction,” 
G Mr. N. Barnaby, read on Thursday, the 8th inst., 
before the Iron and Steel Institute, and we published 


in the Construction of Bridges,” and the ‘‘ Supple- 
mentary Paper on the Mechanical Properties of 
Iron and Mild Steel,” by Mr. Daniel Adamson. As 
we stated last week, the discussion was taken on 
these three papers together, and as frequently 
happens when several papers are discussed in 
this way, the discussion went off upon one of 
them to the almost entire neglect of the others 





—one of them of great value. The discussion in 
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this case turned chiefly upon Mr. Barnaby’s paper 
and oo arising out of it. As will be seen 
from his paper Mr. Barnaby endeavoured to explain 
some unsatisfactory results obtained with steel 
angles at Chatham Dockyard by the suggestion 
that there was some element of uncertainty about 
Bessemer steel when roughly treated that distin- 
guished it unfavourably from steel made by the 
Siemens-Martin process. To understand the grounds 
upon which Mr. Barnaby based his conclusions, and 
the extent to which he carried them, Mr. Barnaby’s 
paper must of course be carefully read in extenso ; 
and most people who do so will, we think, be struck 
with the fact that some of the comparisons the most 
damaging to Bessemer steel, such as those relating 
to “‘a remarkable difference in the behaviour of 
the two descriptions of steel when rivetting has 
been done upon plates which have been punched, 
and not subsequently annealed,” are made to 
rest upon “the mean of four very carefully 
made tests,” the mean of “eight tests, some 
of them not being entirely satisfactory, giving 4 
lower result still.” We mention this point here be- 
cause it was not alluded to by any of the speakers, 
and because it indicates perhaps the weakest point 
of Mr. Barnaby’s Paper, viz., the attempt to settle the 
respective merits of two vast industries producing 
between them millions of tons of steel annually, 
and running each other closely, by the results of a 
few experiments. We venture to think that not 
four, or forty, or four hundred experiments will 
settle such a question, but the combined wisdom of 
many users, extending like Mr. Daniel Adamson’s 
experience over many years and many thousands of 











SUA ORIP SIG} SHIOM soNTET “TN FY *8040[4-0qng osay} 03 | 481 JossOA O4} FET} POLOqmIOMTaT Of PIROM 4] “SLOjO4 jo ojdares peq ¥ 40m pazapistoo Sea BOTA PUB “pjoo 3ueq Fes 
popuoqut soq61d O43 Jo pus oy} wos; yd IG; “wt; paw ‘sajour | ouop useq peY FwyM Jo eousosuUaT ¥ se guosord | Yorjm “orenbs “UT g wor Jo req OTH F sus UMOYS KOT 
“wip Ur “ur 2z edad 8 SUM WEGSUIULIIG 0} WAS} S9stp oq3 Jo | es0q} 4Sa10}UI puos oy yoga opdurvs Saysosoyzar | ofdures ysxg oy], “ssooord stq Aq yoo}s oyvUT 0} SupmyueA 
ouo pus ‘Kumpeg omqsxs0X pud oryseOUVy] O43 105 squid | L194 v paoupoad oss Off  “pfOo [ya JOMTUTEG uTve}s Og} | B1OJO4 UTEIGO 0} 4qBuos oq yooiqo 4sIy OU} SEA BOAT 
oqug earj0u1090] Joy Jepio We SuyNdeXe O19 ULIG sy OUI | Jepun yey peysasd pus yseo Ajdans “[ezoUr Jo ssouqorG} Ut : SMOT[OJ SB UleTT} 0} POT: 
Ser ees on “0048 Ty JO SOMIp oaIyY UITY YALA | “UTE, PU B10q “UT Jo JopuyLD [o9}s P[TUT ¥ poHIGXe MOU | Ly coorsEooo 4uq UO ponsy iq sofdures Zur 
pry Ly 0 mreqiorain 0} wren (aa. OFX "1998 PITU puv wosy epqsaTTeM Jo opuur aio Siopay 6 satel cnuniraai ped Prd — * 
04} 03 0} poonpur sum (1eulesseg “1fQ) OF F ure}.130 ae 47800238 043 wodn ‘puw ‘qoumjooy, 38 | ~78010}UL 4 euros peonpoid yxou Jamesseg “IT 
L . 89110408} 04} Jo yuopuazutiedns oy} 0} [[eq 484} UI “MOMBOUNUIMOD OY} IOF [VPEPT PLOY PrFaL 
14],, | UMOgs SUA 4] ‘OS’ srvel [Z—gegl UI opeat SUA UDT FUT L | og) UITY POpPIVAY OM ‘sIeIMIZUG [IAI JO oyNGHSUT 
-408 0q p[noo sv wozr rnd 07 Jvou sv sdeqied sem yey} f WOT aq} e10Joq ‘pariayer oy WOIyA 0} ‘ofe srvok £yU0M9 
aund jo “3090 10d 59°66 peuTeymoo UNS ogg JO [wut O43 F°T9 | 1 Loded oy} peor JOMESIEg “APY ‘s[Teep o d 
ays aes 0q plow Ff ‘sy[USaX Om} Osoy} Jo OBuIOAN ony SurAVL | 7 sou on ade ee on [reqep Seca pan 
F t 6 ee oe ose . “ a podsei3 
t cp wr Sat a amin oy yng} ‘yous guord 043 podswid peq off ,, “ATIF 
-O8q ns SBA BOTY dno jo pur I : -sseons epdiourid sty yno Suar{izv0 Jo epour : 
arog 8 y3nozy} ostp punos ¥ Bar t + omy Uy sua £yyTUNb O49 PUY | Harm ppIOM OT} O10JEq OUIOD oe a hp om on. 
jo uroyede © Poyuoau poy "urea Surana Jo sox “ay | ‘sosspoue ony £q nox, yo AyRueNd ony pourepoose Lonet “xm | TY UT noo euvak aos 20 30 © put ° 
| -oBe exeok og ‘promong 48 SAIOM To0}s HY Jo WoHDAID os : a ne ee ects ons cee 
zoqye woos £104 sseooid siq} JO Sarqi0M yeoresd raqzany tr vate 0} pus “BY AE}/EFO Fe ToT Tstq Jo4 anou 
oy} Jo opdures ojquareuros ¥ Ose pey OFT “TEI TAxIOGD 4 HOT oo OU os -U8 4SIG 04} papeeoons YONA S}[NSaT sNOI}SEsIpP Oy} 
4 “woes asHHIg Ons HSnOrT Lope WeATd ss9001d sty JO £90" ove eve one eee eco 0} pollejel OFF ‘aonsenb eUles 94} WO S190UL 
pga hy. ou} B gh mwers. I ye 04 Baysesozur sua a ee ae yee ee TT [TIAIQ JO 09ngNSAy OG} oL0Joq Joded v pear 0} ddR| 
setae mene con ant nnn #100" eules Oy} UI pooys oy eous srvet £yu0m4 yenf sum 
£ Azyunod sry} ut 948d ¥,0401 poT[ortoAe yoSut + SAMOTIOF ae wea ou asthe om dpe ps + pies oy “uosord oy} 0} UMOP UOHUOATT —_ 
48Iy 04} SUA SIG], “AOJOUTVIP Ur -4z¢ JO 074d MUS IuNoTIO | OB} OF TET} uIny \ ; STY JO OUNY OY} WO; ,,‘[9248 PIU, Jemesseg jo ATTeID 
© OfUI perfor suk pu ‘puupsug oF 19A0 4qFN0Iq sw syoRuq | ur gnd 41 008 0} AoTTy “AIT poysoubor og “qorVA_ Ut “puw “GOH | -odga puv ‘[o0j8 JoulesBeg JO £10;8TY OY} JO YORORS 
| esong JoouG “soynUTU OUI UT s]oBaT OUT peu pu UMoIq | -sonb OY UTY}IE0sU 04 MOMSIP FEA Oy MOI OACATST | Fonsoroqut ATA B SUTOOUT Oy} OAV OYA ‘JoUIOSBOg 
pres soyzeg “apy | sem ynq ‘Bid our opwul JeA0M Sem [BOUL 4eq} { eoEMINy | Jo OPEUT SEA Ft FUYT, “qmiof JO pres HOUT WO O[qVTTSM | | dn ponwo £ eu s fae . 
SC OF} ee weet. ebed 48¥[q Oy} WOIy yoo [e}ouL We Loq} 41 OUI pus ‘Mopemg | jo ope und v SUA 4] “sorpiterfaced 831 Py 4¥y} CuO 4uq Ae ar so sts 
1708 oy} 0} poqoolqns pus (FTF tt poydope useq puy J}10AN0D jo WLIO; SI], ‘aopuypco | ‘uoyonpord ysopour pus [Toms w ‘uns o[}}1] ¥ SEM TOHUO}AS Ayuyey100 30 CaiZep 
pedeys-sodumns} & 471M orp viedo poowld | 4qStdn poxy v sum sso00id Saryz10Au00 043 10} UITY fq posn | [7eo praom oy GOryA OF ejdures puooes egy, “Sutpusq pjoo fae yy 10#98uI 04} oploep ouo[e uv ‘squoutiedxe : 




















o 
- 
4 
(2) 
(2) 
- 
<) 
Z 
(2) 


= 


— SSS 
LSS=—S 











Colp ebvg oas ‘uordisoseg 407) 


May 16, 1879.] 


‘NOGNOT ‘AWIGHS ‘¢ OTHONV ‘UN AM GANOISAC 
TIMOL FHL LV SANVHL GHL waAO AOCINA TAATTHOIH dasododd 











4l2 





ENGINEERING. 


[M ay 16, 1879. 





interesting specimen which belonged to the earliest stages 
of the development of this material, when it was applied 
to the yore | of railway bars, for which it was poses ar 
well adapted. There was perhaps no better practical 
mechanic in Great Britain than Mr. John Ramsbottom, of 
the London and North-Western Railway. When he, Mr. 
Bessemer, proposed cast steel for rails to be used for the 
North-Western, Mr. Ramsbottom, looked upon him with 
astonishment and almost with anger, and said “ Do 
ey wish to see me tried for — ?”’ That was 
he necessary result of the then state of knowledge of what 
could be done with steel. Steel was then only applied for 
cutting purposes, and it was highly carbonised. He showed 
Mr. Ramsbottom, whose mind was thoroughly open to con- 
viction, samples, and that gentleman said, let me have ten 
tons to torture and try them just as! desire. The ten tons 
wet'ée stipplied from Sheffield, and were subjected to the 
seVerest torture and twisting that was possible. The 
sample before them (see Fig. 5, 414) was a good sample 
of the mild steel of those days. It was a piece ofa steel rail 
which had been rolled by Mr. Ramsbottom from a portion 
of the 10 tons just mentioned, and it had been twisted cold 
by clamping one end in the bearing of a rolling mill from 
which the rolls had been removed and connecting the other 
end to the shaft driving the rolls. He had carefully mea- 
sured this sample and he had found that in a part measur- 
ing 6 ft. along the centre of the web the flanges measured 
8 ft. 1 in., they having thus been extended 2 ft. 1 in. during 
the process of twisting. Another sample exhibited was a 
4-in. square , which bad been twisted hot until the 
angles of the square formed a kind of four-threaded screw 
of a pitch varying from § in. to as little as } in. (see Fig. 6, 
e 414). e also showed some curious; examples of 
mer steel in another form in which it had come ex- 
tensively into use. One wasa small vase of complicated 
form which had been produced cold from a thin plate 11 in. 
in diameter, this plate having been subjected to the ‘‘ spin- 
ning’’ process largely used in Birmingham for the produc- 
tion of certain articles. He also presented to them a jelly 
mould which was interesting not from any elegance of 
—- but from the fact that it had been raised from 
a flat plate by hammering cold and thus showed 
the pose of the material to resist such treatment. 
He had been troubling them with what had been done 
for so long a period, that his remarks would appear to have 
rather a historical than a practical interest, but he wished 
to show that, although we had advanced in some respects 
in this manufacture, we still used precisely the same ap- 
paratus and the same mode of treatment as was employed 
in the production of these old samples twenty years ago, 
the tong! ness and malleability of which has never been 
exveeded. He now came to the paper which had been 
read by Mr. Barnaby, and in doing so he did not feel dis- 
posed to make a comparison between the two classes of 
steel therein referred to. No one admired or respected 
all the talents of the promoter of the Siemens process more 
than he did himself, All that he had to say was, let those 
who preferred the one use it, and those who preferred the 
other, let {them use that. There was, however, one re- 
mark he wished to make in reference to Mr. Barnaby’s 
paper. Mr. Barnaby told them that the present was the 
veritable beginning of a great and inevitable change. He 
believed in the veritable change, but he did not believe in 
the ‘‘ veritable beginning.’’ He flattered himself that he 
had a little to do with the ee yeny himself, and that was 
many years ago. He would tell them what was done 
twenty years ago. He had a list of steel ships which had 
been peesen to him by the chief surveyor of Lloyd's 
Register. In the early stage of the Bessemer process he 
was anxious that steel teaall be used in shipbuilding ; and 
knowing that it had been successfully used in boiler making, 
he thought it would bea good thing to have it used in ship- 
building to a large extent. He, therefore, applied himself to 
securing the introduction of steel for shipbuilding purposes, 
and at length an enterprising firm took up the matter and 
built two stern wheel barges of steel produced at his 
works at Sheffield. This was in 1863. ‘Ihe firm were so 
pleased with the behaviour of the steel during the construc- 
tion of these barges that they persuaded customers of 
theirs—the Hamboro’ Steam Packet Company—to have a 
paddle steamer of 377 tons built of this material, and this 
vessel, the Cuxhaven, was constructed in 1864. The 
Clytemnestra, a sailing ship of 1251 tons, and the Altcar, 
a sailing ship of 1283 tons, were also built of steel in 1864. 
Next year in 1865, six vessels of an agguegate tonnage of 
5342 tons, were built of Bessemer steel, viz., the Isabel, a 
paddle steamer of 1095 tons; the Curlew, a paddle 
steamer of 409 tons; the Plover, a paddle steamer of 410 
tons ; the Sandan, a sailing ship of 184 tons; the Midland, 
a paddle steamer of 1622 tons; and the Great Northern, 
a paddle steamer of 1622 tons. At this point a hitch 
occurred in the use of steel for shipbuilding. The firm who 
kad taken the matter up became involved in some financial 
difficulties, and the two vessels of over 1600 tons last men- 
tioned, which were in frame and partly plated, ran a risk 
of not been completed. Knowing the important results 
which might be expected to result from the employment 
of steel in shipbuilding, he was indueed to supply funds for 
the completion of these vessels, and he put down 10,0002. 
for that purpose. The vessels were finished, but the firm 
who built them had become too deeply iavolved, and their 
yard had to be closed. This caused a gap in the use of 
steel for ships, and next we came to two tugboats 97 
and 67 tons, built in 1871-72, while next was the Isabella 
paddle steamer, of 1118 tons, built in 1877 of Bessemer 
stool made at Crowe; this vessel has its plates, angles, 
beams, and rivets, all of steel, and is one of those splendid 
Holyhead boats. These last mentioned are the “three 
sma 1 vessels” referred to in Mr. Barnaby’s paper. Nextin 
the list came aineteen barges built of Bessemer steel ; 
then the Hermod, sailing ship, 743 tons, built in 1878 


next a light paddle-wheel steamer for the Irrawaddy 
then the Lanilics, the Light of the River, 


Piotilla Company, 





the Dahabiall, the Lynx, the Fox, the Owl, the Bat, the 
Colonel Lamb, the Wasp, the Hornet, the Rounce, the 
Georgia Bell, the Widgeon, the Snipe, and the Ruby. 
Here then we have a list of ten ships built of steel, the 
makers’ name not istered, then nineteen barges o 
Bessemer steel, and thirty-two other well-authenticated 
ships built of Bessemer steel. is list was, as he had 
said, kindly made out for him by the chief surveyor of 
Lloyd’s Registers who, however, stated that he is of 
opinion that the foregoing does not include the whole of 
the ships built of Bessemer steel in this country. There 
were also eight steel ships of Siemens-Martin steel built in 
1878 ; and seventeen Bessemer steel ships in the same year, 
and not eleven as stated by Mr. Barnaby. As to those 
difficulties that had been referred to, as arising in ship- 
building during the last sixteen years, he thought it extra- 
ordinary that out of the immense number of steam boilers 
—and he believed over a thousand had passed through the 
hands of Mr. Adamson, and over a thousand locomotives 
through the hands of Mr. Webb—they had not been met 
with such difficulties either in the boilers or the engines. 

The next speaker was Mr. Webb, of Crewe, who 
remarked that he had been instructed in the Bes- 
semer process at the works of Mr. Bessemer in 1862, 
and that in his then capacity of assistant to Mr. 
Ramsbottom he had had entrusted to him the roll- 
ing and subsequent treatment at Crewe of the 
samples to which Mr. Bessemer had referred, He 
added that: 

He found that Bessemer steel, if 


roperly dealt with, 
would not present the difficulties that Kad b 


been complained 


of. He did not hesitate to say that there was no difficulty | 2.4 had 


whatever in getting a uniform result from the converter 
with ordinary care. But Bessemer steel had been con- 
sidered by some to be the same however made, and with 
whatever materials, but they all knew that any class of 
iron would fail to maintain its pre-eminence unless it was 
carefully handled and worked, and he maintained that 
with ordinary care they could produce Bessemer steel with 
uniformity by thousands of tons. He had made the whole 
of the steel angles and plates that were used in the Isabella, 
and he would undertake to say that there was not a single 
failure in a single plate or angle of that ship.. Yesterday, 
he broke up a boiler which had done duty since 1863 up to 
the present time, and the result of the working had been so 
satisfactory that it was inly many times more than the 
ordinary life of an iron boiler. He offered to the chemical 
members of the Iron and Steel Institute samples of the 
plates of this boiler for analysis, and he trusted that by a 
comparison of these analyses with the practical results ob- 
tained from the plates, useful information might be ob- 
tained. The Bessemer steel would stand sudden shocks 
very well. 

In illustration of this Mr. Webb exhibited a photo- 
graph showing the result of a somewhat peculiar 
accident. ‘The iron crosshead of a locomotive broke 
when the engine was running between 30 and 
40 miles per hour, and the connecting rod, which was 
of steel, after being doubled up and carried round 
the axle, was broken off by striking the motion plate, 
and the end of the portion remaining attached to the 
crank was forced right through the firebox casing 
and the copper firebox. The photograph showed 
the manner in which the steel plate had behaved 
under this treatment, it having torn like the copper, 
and without cracking. He also exhibited a photo- 
graph showing a locomotive boiler just made at 
Crewe, in which the barrel was formed of a single 
ys in. plate, this plate having been 11 ft, 3 in. wide 
and 12 ft, 9in. long, it being of sufficient length to 
form the whole barrel with a single longitudinal 
seam. This plate, which is the largest which has 
yet been rolled either in this country or abroad, 
was, Mr. Webb explained, produced in a very 
simple mill. ‘This mill had rolls 38 in. in diameter, 
cast hollow, and with a 23in. wrought-iron shaft 
passed through them. There are no pinion housings, 
but one of the rolls carries at one end a spur-wheel, 
about 16 ft. in diameter, into which a pinion passes, 
the ratio being 35 tol. To this pinion Mr. Webb 
couples the driving axle of a locomotive, raised so 
that its wheels are clear of the rails, and, as he 
expressed it, he ‘rolled the plate by running the 
locomotive for five minutes at 60 miles per hour.” 
The engine was of course supplied with steam by 
its own boiler, the whole arrangement being as 
simple as can well be imagined. Judging from 
what has been done at Crewe, Mr. Webb has revo- 
lutionised the construction of mills for exceedingly 
large plates, and they bid fair to be by no means 
such expensive machines as is generally supposed. 
Mr. Webb concluded by alluding to the early steel 
rails rolled at Crewe, and shown at the International 
Exhibition of 1862. These rails had been laid down 
at Crewe ever since, and he hoped that they would 
eveotually find a resting-place at the South Ken- 
sington Miseum by the side of the old “ Rocket” 
and other relics. He should, he added, be able to 
give a very accurate account of their performance. 

After some brief remarks from Mr. Laing, of 
Sunderland, who expressed his belief in the ex- 
tensive future use of steel for shipbuilding, but who 











stated that the employment of the material had 
hitherto been delayed from its want, of uniformity 
—a defect, he added, which is now being overcome 


¢|—the discussion was continued by Mr. Denny, of 


Dumbarton, who said : 

His firm was building no less than nine steamers in steel ; 
they had three screw steamers to class at Lioyd’s, and six 
small paddle steamers being built of steel, and the stecl 
used was the Siemens. He must say that they had not 
come across & 1 instance to make them doubt the quality 
of mild steel. He took a very hopeful view of the character 
of that material for this reason, that they had themselves 
not only confidence in it, but it was wonderfully popular 
with the workmen, who prefer it to working iron, and even 
in the rivetting they did not find any vy? or any rivet 
requiring to condemned. Regardi r. Barnaby’s 
paper there was one point on which he wished to join issue, 
namely, his statement that unless steel manufacturers 
could get large solid ingots, sufficient for forging, they 
were not likely to have steel forging. Now, he ventured to 
differ with that opinion, because in a small steamer that 
they built for themselves they had made the forgings out 
of steel scrap, and they been entirely successful, 
They shingled it first of all, and then worked up the blooms, 
and they found that that was sufficient to work up the steel 
scraps. So far as their steel shipbuilding had gone, it had 
proved satisfactory, and he believed it would do so to the 
end. Then another point with regard to the Bessemer 
steel, he might say that they had not entirely used Siemens’ 
steel, but also Bessemer steel, and so far as they had gone, 
they knew no difference, and they were as well satisfied 
with the one as with the other. The Bessemer steel he had 
in fact so far to go through much harder work 
than any of the Siemens’, and he would explain why this 
was. In 1877 they built a paddle-steamer, to go on a river 
with many snags and many hard s in it; her 
plates were made of Bessemer steel, and he had re- 
cently had a report from the engineer, giving a sketch 
showing where she had run upon some snags, and 
the engineer stated that unquestionably had she been built 
of iron she would have sunk. The result of this had been 
that the company to whom she belonged had determined to 
employ steel exclusively for the vessels subsequently built 
for them. 

Mr. Kirk, Glasgow, could confirm everything that had 
been stated by the previous speaker. There was no doubt 
a great deal of mystery attending some of the points about 
steel, and he could not understand why these plates should 
crack seeing that they were capable of stretching 25 per 
cent. at every part of them; his own experience, he was 
very happy to say, did not lead him to suppose that there 
was any more cracking of steel plates than of iron. He 
also added that there was no difficulty in welding up steel 
scrap under the hammer in the same way as iron scrap. 

The President asked what advantage was gained by 
welding up steel scraps instead of a 

Mr. Kirk said they had got the furnace handy, and they 
found that it made superior forgings. Mr. Barnaby had 
referred to large ingots; he rather preferred steel scraps 
well welded up, 

The President said he rather understood Mr. Barnaby 
that we should have steel castings instead of iron forgings. 

Mr. Dixon said that there was one important point with 
regard to the use of steel in the construction of ships, and 
that was the use of steel rivets.. He constructed a vessel 
of steel, and found after some months of work that there was 
a pitting of the steel plates around the heads of the rivets, 
which'were of iron. Mr. Martell inspected it, and they could 
not understand it, and he hoped that Mr. Barnaby would give 
his attention to that. Wit rd to corrosion, he built a 
vessel 19 years ago, and he hada letter from the owner the 
other day saying, with regard to corrosion, there was 
nothing to complain of, she was doing her work perfectly 
well; that satisfied him that | need not fear corrosion. 
They had never found any difficulty in the tensile and other 
tests, and if the price of steel was brought nearer to iron 
they should certainly use it. He hoped as the price of steel 
came down the quality would not be reduced. , 

Mr. Martell, chief surveyor to Lloyd's Register 
of Shipping, called attention to what was termed by 
the President in his address the obstruction likely 
to be caused to the introduction of this material. 
He said: _ 

Seeing that very nearly the whole of the ships for general 
P of trade are now built under the superintendence 
of Lloyd’s surveyors, he thought that institution might 
safely be considered as coming within the President’s 
category of the controlling powers. It was said, moreover, 
in the public press some time ago that Lloyd’s Committee 
threw obstructions in the way of the introduction of steel 
for shipbuilding, and he therefore thought some remarks 
from him, to correct the erroneous idea that Lloyd’s Register 
hampered the introduction of steel, would not be out of 
place. As soon asshipbuilders began to display an inclina- 
tion to employ this material in shipbuilding, the Committee 
of Lloyds’ Register gave all the assistance in their power ; 
they sent their principal surveyors round to the chief 
manufacturing places, and these having reported satisfac- 
torily on the excellence of the material, the Committee 
immediately encouraged its use and allowed what has 
generally been considered a fair reduction upon iron—that 
was 20 per cent. Seeing, then, that they did all they could 
to advance rather than to obstract the introduction of this 
material for shipbuilding, he hoped the President's remark 
about the obstruction of the “controlling powers’ did not 
apply to Lloyd’s Register. With reference to Mr. 
Barnaby’s paper he was sure it was a matter of great in- 
terest to mercantile shipbuilders to have the experience of 
the Admiralty on a matter of this kind. They first intro- 
duced “ mild steel” for shipbuilding in later years, and 
Lloyds’ had always appreciated the advantage of learning 
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the results of their experience. They were, therefore, 
obliged to Mr. Barnaby for furnishing the new facts brought 
forward by him that day. At the same time he said he did 
not hesitate to criticise Mr. y’s remarks freely. 
Mr. Barnaby says, in reference to the cracked bars at 
Chatham, that so long as these characteristics of steel bars 
remain, his department will probably prefer iron. That 
Mr. Martell thought was a very unfortunate statement, 
because it would be a most lamentable thing that while 
makers were producing such magnificent material as the 
mild steel from both the Siemens and Bessemer process, 
they should have to think of falling back upon iron. 
Through the kindness of Mr. me a he had got an in- 
troduction to Chatham Dockyard, and saw the plates and 
angles used there. He that 
at present either in the steel manufacture or manipulation, 
that he did not quite ae a mystery as to the occa- 
sional cracking ; but he thought that when they went into 
the subject and investigated the matter thoroughly they 
would find some cause for it. He was much surprised to 
find on his recent visit to Chatham, that in such an enor- 
mous establishment, the place set apart for bending the 
frames was so exposed as to increase the risk of manipulat- 
ing the steel. He always understood, years ago, it was 
known that when they used steel of a somewhat harder 
nature, after it had been partially heated, if it was only 
taken across the yard in — and placed where the wind 
blew across it, it positively cracked without apparent cause. 
The more uniform we keep the temperature of steel, the 
more we prevent cold blasts of wind from blowing across it 
when cooling after partial heating, the more reliable it 
is. He was much surprised to find the whole place at 
Chatham exposed to all the cold blasts of winter, and that, 
too, of as —— as ¥ -_ —~ — after of 
were partially heated and perhaps heated again ially 
and worked heavily, and then allowed to lie where the cold 
blasts were blowing across them, they must expect that 
steel would possibly fracture if used in that manner. He 
was told by all steel manufacturers, after consulting the 
best of them, that they would not guarantee steel unless 


annealed after any partial heating operation. Another 
thing observed was that in man of the broken angles the 
flaws were black, thus showing that the cracks taken 


place, or at least commenced on the slab before going into the 
annealing furnace, rather than after the saneae g. Again, 
another important matter was the wonderful shapes into 
which these angles were worked in very long lengths, in a 
ship of most peculiar form ; in fact, he had no idea that 
ships were being built in such a form. He was so sur- 
prised at that, that he remarked what an advantageous 
thing it was to have a material like mild steel that could 
be used at all in a vessel for war, or other purposes of such 
ashape. Ordinary iron would not stand the work neces- 
m4 to make it into that form without extreme difficulty 
and many failures. Another point he thought should be 
borne in mind was that they heard of nearly every steel 
plate or angle that had a flawin it, the specimens being 
not peg | B rem ae ono and sent all over the 
country. The been particular to inquire what pro- 
portion of steel plates had flaws or cracks in them, and 
found they did not exceed the proportion for iron, but if 
similar flaws took place in iron they woul make it up with- 
out saying anything about it. If they condemned the use 
of such a magnificent material as this they would do great 
injury. It had not always had a fair chance, and he would 
be sorry to see anything done that would vent the 
general introduction and pro manipulation of this 
magnificent material for shipbuilding purposes. The more 
they saw of it, he believed, the more they would be con- 
vinced of its suitableness for a. A few cracks 
of the kind that had been mentioned should not, he thought, 
frightem them or prevent its use, but should rather stimu- 
late us to find out the true cause of them. Those flaws 
were less numerous than in iron used for an equally diffi- 
cult purpose.- On the subject of corrosion, his experience 
led him to confirm what Mr. Dixon had said. In the vessel 
to which reference had been made he discovered, near the 
water-line where the paint had been rubbed off aghinst 
piers, a curious tendency to pit round the rivet heads. The 
rivets were of iron, and it raised the presumption that the 
iron rivets might have some galvanic effect on the surround- 
ing steel. It is not uncommon to find soft iron rivet points 
in iron ships somewhat pitted or worn within the surface of 
the plate, but the converse action of the plate wearing 
round the rivet is peculiar, and is sufficient to make it im- 
portant and interesting to watch its progress, and to as- 
certain its cause, and whether it has to be attributed to the 
iron rivets or to the action of the black and red oxides, as 
described by Mr. Barnaby. 
Mr. Parker, principal engineer surveyor to Liloyd’s 
Register, said: After the observations Mr. Martell has 
ust made regarding the suitability of steel for shipbuilding, 
e would like to say a few wordsas to the use of the material 
for boilermaking purposes. During the last two years this 
material has come to be used extensively in marine boilers, 
and, indeed, has been employed in boilermaking to a much 
greater extend, comparatively, than in shipbuilding ; and 
in that time no less than 120 vessels have been fitted in this 
country with boilers constructed more or less of steel, 
while at the present moment we have between 30 to 40'sets of 
marine boilers being made of the same material. In the 
construction of the boilers of these 120 vessels there would 
be about 4000 plates used, and if they take the number of 
plates that have been known to fail, it would be found they 
bear a very small percentage to the total number in use. 
The actual number of plates that have cracked, so far as 
he had been able to ascertain, is only ten, and of these 
eight have come under his immediate notice, and the sur- 
rounding circumstances of each case had been carefully 
investigated with a result that leaves no question as to the 
so-called ‘‘mysterious’’ fractures being directly attributable 
to improper or careless treatment. These failures had 


occurred both with Siemens-Martin steel and with Bessemer 


there was some mystery | ting. 


steel. He had made some diagrams showing the manner 
in which the cracks occurred in four of the cases, but 
regretted to see that they had not been hung on the wall, 
but with their ission he would endeavour, as. far as 
possible, to ae the features of these cases without the 
aid of the diagrams. When t i are hung up it 
would be seen, (see Figs. 1 to 3, page 415), that in this case 
the fractures took place in the furnace plates of two marine 
boilers after they were nearly completed. In fact all the 
rivetting was. finished except a few rivets in the furnace 
fronts at the parts marked A. The workmen were busy 
rivetting those in both of the boilers, when the plates 
cracked from the rivet holes for a distance of about 8 in. at 
the side opposite to that which they were engaged in rivet- 
ing. The cause of this rupture was not at first sight ap- 
parent, the plates had s all the mechanical and chemical 
tests at the works of the Steel Company, and had also been 
subjected to the usual tests by the surveyors of Lloyd’s 
Register with perfectly satisfactory results; the tensile 
strength being 25.6 per square inch, while the strips cut 
from the plates had shown an elongation of 24.5 per cent. 
The tempering tests had also been complied with, shearings 
from every plate being made red hot, quenched in water, 
and then beat almost double cold without signs of fracture. 
It was, therefore, evident that whatever was the cause of 
the strange behaviour of these plates it was something 
which the customary mechanical tests were unable to detect, 
and the materi 
even this did not discover any fault in the composition of 
the plates. He visited the Tyne himself for the purpose of 
investigating into the details of the case, and found that 
the furnaces in this case had originally been made about 
din. less in diameter than the ring of the front plates to 
which they had to be attached; the rivetting was com- 
menced at the lower parts and tbe furnace plates in the 
rocess of rivetting were partially heated, hammered, and 
awn to make them accommodate themselves to the larger 
diameter of the front plates ; that the furnace plates had 
been drawn in this manner was proved beyond a doubt. 
In one of the rivet holes away from the fracture was found 
a bolt which had been used to bolt the plate to its place, 
and on this bolt being removed the holes in the two plates 
which had been drilled in place and must, therefore, have 
been quite fair, were found to beabout jin. blind. There 
was no doubt in his mind that the accident in this instance 
was due solely to the improper treatment that had been 
employed, and which from the excessive local strains it in- 
duced was sufficient to cause the plates to tear (not crack) 
without apparent cause. This case occurred in April, 1878, 
and the Committee of Lloyd’s Register deemed it of suffi- 
cient importance to issue a circular to their surveyors, and 
for general distribution amongst firms using steel, reiterat- 
ing the warnings that had been given in their official re- 
port on the subject, as to the urgent necessity of greater 
care being taken in the manipulation of steel than is a 
consid ample for iron plates. The next case to whic 
he wished to refer was illustrated in Fig. 4 (see page 414). 
The plates were made by the Bessemer process and were in- 
tended to form the back of a marine boiler. These plates were 
all round to attach to the shell, and as the flanging 
had done in local heats they were afterwards carefully 
annealed, to relieve and set at rest the strains produced by 
this operation. On being bolted to their places it was 
found that the flanged parts of the plates did not lay closely 
up to the shell where they lap at the point marked F on 
the diagram, and in order to remedy this work- 
men lit a fire under that part as they would have done 
with iron plates and hammered or plyed the plates to 
their places. A short time after the cooling, the plates 
tore from the rivet holes, in one case 2ft. 6in. from: 
the part that had been heated and hammered, and in the 
other 5ft, for a length of about 30in. across the plate, 
the rent widening at the edge tojin. Like the materi 
in the first instance, these plates had been subjected to 
all the usual mechanical tests with perfectly satisfactory 
results, and appeared to be in every way suitable for boiler- 
making, and of the best quality ; on this point he could 
speak with certainty, as the portions of the plates selected 
for testing were tested in his presence before leaving the 
manufacturer's hands. But the cause of the fracture in 
this instance is ectly clear; it is of course well known 
that if a steel plate is partially heated it must be afterwards 
annealed to relieve the strains that are induced by the local 
heating, but this most elementary precaution was neglected, 
and hence the result. The cases illustrated by Figs. 5 
to 7 were of a somewhat similar nature to those 'y de- 
scribed, and it was needless to enter into full details of all 
the circumstances of each case. Suffice to say that the one 
was a Bessemer plate, and the other was a Siemens-Martin 
plate, and that an examination of the circumstances at- 
tending these cases left no doubt as to the true cause of the 
mishap, namely, improper workmanship. So far as his 
experience went in the matter, he had no hesitation in 
stating his opinion that steel can be produced by the 
Bessemer process of quite as reliable a character as: that 
manufactured by the open- hearth system, and that 
although some of the cases where steel plates unexpected! 
fractured, have on first appearance been surrounded wit 
an air of mystery, a closer and more careful investigation 
into the matter has invariably disclosed the cause to be 
due, not to faulty material, but rather to the manipulation 
that ignorant or careless workmen have subjected it to. 
When they recollected that out of a total of about 4000 
plates, only 10 or 15 plates have been condemned, and that 
not because of inferior material, but solely owing to negli- 
gent manipulation, the surprise will be not that they bave 
met with some failures, but that those failures have been 
so few in number, and have been so ptibl tisf, 
tory explanations. The number of Yorkshire iron plates that 
would lows been condemned in the same number of boilers 
may be inferred when it is stated that it is by no means an 
uncommon occurrence to reject about 10 or 12 iron plates in 








one boiler in consequence of laminations, which is altogether 





rial was afterwards carefully analysed, but | al 


absent from a steel plate. There is just another word or 
two which he would like to add, and that is in reference to 
the question of corrosion. He recently was afforded an 
qpeerenity of snapecins one of the vessels méntioned b 

r. Bessemer, the Great. Northern, now named Sta 

Vlissingen, which was built of Bessemer steel in 1865 by 
the Messrs. Quiggins, of Liverpool. This vessel had re- 
cently been in collision, damaging her bow below the 
water line, and on examining the plates which it was 
found necessary to remove—and which, in consequence of 
their position in the vessel, were not accessible, and had 
never been scraped or painted on the inside—they appeared 
to be in quite as good condition as when they were first put 
into the vessel. ‘The experience with steel boilers has not 
been sufficiently full and extended to allow of any decided 
opinion being expressed as to the relative corrosion in iron 
and in steel boilers, but he was informed that there are no 
appreciable signs of corrosion having taken place to any 
unusual degree in any of those boilers —some of which have 
been running for about 18 months. In some cases, 
however, where steel tubes have been introduced amongst 
a lot of iron tubes, the results have been anything but 
satisfactory, the steel. tubes -being found to corrode with 
frightful rapidity. Inone ease where seven or eight steel 
tubes were fitted in a‘nest of iron ones, the steel tubes at the 
end of about nine months had lost by corrosion about 70 
per cent. of their original weight, whilst the iron ones were 
most as perfect as when new. In another case three steel 
tubes were placed in an iron boiler with iron tubes, and 
after about a fortnight’s steaming the whole of the steel 
tubes gave out and had to be removed. A noticeable 
feature in these tubes was that there was little uniformity 
in the corrosive action, some places being pitted right 
through and others comparatively untouched. It there- 
fore would appear as if a sort of galvanic action is set up 
when the two different materials are.so p' together, 
the steel corroding with great idness; and he inclined 
to the opinion that if a boiler is to be made of steel it shoul 1 
be coustructed entirely of that material, including rivets, 
and not a combination of iron and steel, which does not, so 
far as they were able to judge from their us yet limited ex. 
perience, give satisfactory results. 
Mr. Riley, who represented the Steel Company of 
Scotland, and is a large manufacturer of steel by 
the Siemens-Martin process, said he had not com: 
across a single instance of the failure of an angle- 
bar ; he was not so sure about the plates, Out of 
a list of sixty-two vessels [many of which we fancy 
must have been very small] which had been built 
on the Clyde, Tyne, Tees, Thames, and the Mersey, 
not a single case was there of an angle having 
failed. He did not think it necessary to take the 
precautions in the working of steel that had been 
referred ‘to. He agreed that the men worked the 
steel as easily and readily as iron, and said the 
vessels already built had gone through a variety of 
work and the steel had been well tried. Out of 
2740 tons of plates used for locomotive, stationary, 
and marine boilers, no case of failure had taken plac «. 
Mr. Snelus next protested against separating the 
chemical question from the mechanical in questions 
of this kind, and asked that Mr. Barnaby would 
give them the chemical composition of the plates 
and angles to correspond with the results of the 
mechanical tests he had laid before them. Mr, 
Carbutt, of Leeds, made a few remarks on Govern- 
ment control, and Sir John Alleyne referred to a 
series of tests made last year at the Butterley 
Company’s Works on the rigidity of iron and steel 
beams, in which he said it was shown that mild 
steel had only a slight advantage over really good 
rolled iron, especially when it was borne in mind 
that steel lost more by welding at the beam arm 
than iron did, Mr. Spencer uttered a wail over the 
approaching death of his old friend iron, which be 
would say a good word for to the last, and although it 
required much audacity to do so in these days. Dr. 
Siemens followed and said : 

_He could not be entirely silent when a discussion of this 
kind takes place. With regard to Mr. Adamson’s paper, 
he would like to saya few words. We had an admirable 
paper from Mr. Adamson at our Paris meeting; he adds 
some very interesting information to-day. He was glad to 
see that Mr. Adamson has arrived at the conclusion to 
which he, (Dr. Siemens) had sometimes given expression — 
that in the rivetting of stec! plates you should use steel 
rivets, and you should put these rivets as closely together 
as you conveniently can. He was glad to see that Mr. 
Adamson had by his investigation brought this matter so 
clearly to light, but it is a thing that had often come before 
him (Dr. Siemens) in dealing with these very subjects which 
have been alluded to by Mr. Parker and others, the mys- 
terious failures which occasionally have occurred. Now, it so 
happened that the one failure to which Mr. Parker alladed 
to, came before him at the time, and the very nature of the 
failure proved, he thought, the cause which is hidden below 
the surface; but it is not beyond our ken to unravel. Ifa 
long cylinder of steel is flanged, and if this flange is drawn 
mechanically to fit a larger surface, or if a cylindrical top 
is intended to fit into a cee neck and the tube is too 
small, and if, being flanged all round, or drilled, it is in- 
tended to be brought up to a larger diameter, it stands to 
reason thata great strain is to be put upon the metal be- 
tween the rivet holes and the outside. Now, suppose that this 
strain—the compressive strain which is thrown upon the 





edge of this place—must be borne by some metal which ‘s 
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thrown into great tensile strain, and that will be the metal 
immediately behind the line of holes, the result is that in any 
one of those holes, if there is a slight discontinuation of the 
even surface, a tearing will begin. Now, it was said that 
this metal, which ought to stretch 25 per cent. before tear- 
ing, should not have torn under those circumstances, be- 
cause we can find that it was not stretched at all, but in 
arguing thus, these gentlemen overlook the fact that in 
tearing a material you do not extend. A tear means 
applying the whole of the force available upon absolutely 
one point of the metal, and on that point there might be a 
stretch of 50 per cent-; but it is infinitesimal. It may 
tear one point and the next point, but in this extreme case 
the failure may be attributed to the tearing action which 
is generally set up at rivet holes; thus then these (holes 

e more than their due proportion of strain. He knew 
of another instance where the failure took place in the 
testing bar ; it was intended to test the strength of a rivet 
joint; but in fastening the piece it was held by two large 
rivets followed by small rivets. Metal with high elasticity, 
such as mild steel, will throw a great strain upon that 
support which is most forward because the supports 
which are backward cannot come into bearing condition till 
the forward point has taken the principal strain, and 
whenever that strain exceeds certain limits, tearing 
action will set in at that point where the continuity of 
the metal is broken, such as at the rivet hole. One of 


the chief advantages that has been found in favour of drilling 
over punching, is, that the drill makes a smoother hole, 
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and there is a less inducement for a tear to set up. He believed 
that is really the chief difference, and as it has been said in 
this discussion, and said by Mr. Barnaby in his paper, mild 
steel should not require either the particular attention and 
expense due to the drilling, nor does it require annealing. 
These failures are generally attributed to a difference in the 
treatment. He would rather not have touched upon the 
subject of comparison between the Bessemer metal and the 
metal with which his name was more particularly connected. 
He had more than once expressed his great admiration for 
the Bessemer process, and the excellence of the material 
that can be produced by it. At the same time it is not 
probable that he should have gone to tle great labour and 
expense of developing another process, if he had not thought 
itwas pemeend of some particular merits ; it would have been 
entirely wasted labour on his part; therefore, he might be 
exc if he said a word in favour of the latter process, 
without in any way wishing to detract from the Bessemer 

rocess. Mr. Bessemer iad brought before them very 
interesting specimens, showing even at the early stage of 
his process, what.material could be produced by it. There- 
fore, he might ask why was it that this material had not 
come for a number of years into general use? The answer 
has, he thought, been given indirectly by Mr. Bessemer 
himself. Mr. Bessemer said frankly that he had not 
always such excellent qualities. That there were irregu- 
larities which sometimes gave rise to failure, and it might 
be argued, as Mr. Snelus had mentioned, that it might be 
attributable to another cause, namely, the difference of its 
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chemical composition. If the Bessemer process is carried 
out properly, and if good materials are used, such as the 
Swedish pig metal or very high-class hematite metal, he did 
not doubt for a moment that very excellent results could 
be produced by it. But, he would also ask, whether in a 
process, such as the open-hearth, there are not some advan- 
tages in favour of umformity, where you have plenty of 
time to test your metal, and by taking samples and adjast- 
ing it towards the end of the process. Another reason he 
might allege is, that of chemical composition. Start with 
pig metal of the same percentage of phosphorus and silicon 
and sulphur, and in the case of the open-hearth fur- 
nace where you serve the metal with ore and lime- 
stone, you do not diminish the weight of the metal ; 
that is to say, for a ton of pig metal you put in, you get 
out within 1 per cent. of a ton of steel. Whereas, in 
the Bessemer process, there is a certain loss of weight. 
There may be very little of absolutely pure metal em- 
ployed, but if impure metal is employed, it means some- 
thing. Then, again, they would have to-morrow a process 
brought before them showing how Bessemer metal could be 
produced from Cleveland iron. He did not doubt the re- 
sult, but he would say if there was merit in the result, it 
was owing, perhaps unwittingly, to the carrying out of the 
open-hearth process, and advantage had been taken of 
that process to some extent. He had used ore towards 
decarbonising a metal, and he had used _ limestone 
towards the end of the process. In the years 1863, 1864, 
and 1865, he tried many experiments with a basic lining 
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in his open-hearth furnace, but he never met with that 
amount of practical success to make him recommend itas a 
practical thing to those who were willing to use that pro- 
cess. But there would be some difference between the 
two metals, which may be more, or may be less, but he 
believed that Bessemer metal is perfectly good for most, 
if not all, of the Lowy tar to which mild steel is to be put, 
but there can be no doubt that the open-hearth process is 
particularly well suited for the production of those 
qualities of steel. 

The discussion was then adjourned until the fol- 
lowing day, Thursday, the 8th inst., when it was 
resumed by Mr. Head, who was followed by Mr. I. 


Bricks and Linings for Furnace Converters, &c.,” 
by Mr. Edward Riley. These three papers were 
discussed together, and the discussion, which was 
an extremely long and interesting one, and ex- 
tended to Friday, will be given by us next week. 
After this a paper was read by Mr. John Pattin- 
son, of Newcastle-on-Tyne, ‘‘ On a New Volumetric 
Method of determining Manganese in Manganiferous 
Tron Ores, Spiegeleisen, Steel, &c.” the discussion on 
it being postponed till the next meeting. The only 
other paper read was ‘On the Chemistry of 
Puddling,” by. Mr. H. Louis, of Londonderry, Nova 





Lowthian Bell, M.P., Mr. Samuelson, M.P., Mr. W. 











Scotia, which was followed by a short discussion. 
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H. White, Mr. Price Williams, Mr. Stead, Mr. 
John, and others, and lasted until the adjournment 
for luncheon. We shall complete our publication 
of _ important and interesting discussion next 
week, : 

On reassembling after the usual interval, the 
President called upon Messrs, Thomas and Gilchrist 
to read their paper “On the Elimination of Phos- 
pore in the Bessemer Converter.” ‘This was fol- 
owed by Mr. G. J. Snelus’s paper “ On the Re- 
moval of Phosphorus and gai ur during the 
Bessemer and Siemens-Martin Processes of Steel 
Manufacture;” and by a paper “On a Ready Means 
of Moulding Lime, and Making Lime or Basic 








The other two papers down on the programme, viz., 
‘‘ On the Results of Working the Godfrey-Howson 
Furnaces at the Works of Tamaris, Gard, France,” 
by M. Escalle, and “On a New Process for Pro- 
tecting Iron and Steel against Rust,” by Professor 
Barff, were postponed to next session by the request 
of the authors. During the Friday’s sittings, and 
just before the short adjournment, the President 
read to the meeting the following communication 


from Dr. Siemens, which was received with great : 


enthusiasm, It was in the form of a letter to the 
Council, and said: ‘It having been b 
the members of this, as well as of other institutions, 
that it would be desirable to have a building of 


¥ | Council of the R.A.S.E. next day to 





sufficient capacity to represent the societies cultivat- 
ing the various branches of applied science, as was 
suggested in my inaugural ad to the Iron and 
Steel Institute in 1877, I moved that a committee 
be appointed to promote the object and to confer 
with other societies be reappointed with the view of 
giving effect to these efforts. I hereby offer to give 
the sum of 10,000/. in aid of the construction of 
such a building on a suitable site at Westminister, 
the work to be carried into effect under the super- 
vision of a joint committee to be presided over by 
the President of the Institution ot Civil Engineers 
or his representative,” 

Great cheering greeted this munificent offer of 
Dr. Siemens, which was immediately and unanimously 
accepted, and we do not doubt this will lead to a 
determined movement being made by all the 
societies interested to bring the scheme Dr. Siemens 
has at heart to a successful and brilliant termi- 
nation. 





TWEEDY’S BOILER-DRILLING MACHINE, 
To THE EpiToR or ENGINEERING. 

Sr1r,—The description of the machine you are good 
enough to illustrate in the your journal ‘of April 25, sp. 
pears likely to convey the erroneous impression that t 
machine was designed to drill only boilers of 7 ft. 9 in. 
radius. I will therefore esteem it a favour if you will 
allow me to supplement that description by explaining that 
the machine was designed and constructed for drilling, and 
in reality does drill in a satisfactory manner, boilers from 
10 ft. to 14 ft. 6 in. indiameter. On referring to the illus- 
tration it will be seen that the cogwheels for aqeetns 
and revolving the boiler are provided with suitable base- 
plates on which they may be moved in or out as may be 
required when a change in the size of boiler occurs, to bring 
it into proper position with regard to the machine. The 
exact positions of the supports on the base-plates for the 
different sizes of boilers are determined before! 
are for convenience marked on the base-plates, ‘These 
provisions, together with the spindle adjustments, enable 
the machine to a. practically perfectly accurate work 
in boilers from 10 ft. to 14 ft. 6 in. diameter. Moreover, 
by limiting sufficiently the circular traverse of the saddle, 
holes in boilers are oe or under these sizes may 
be drilled with inappreciable error in direction. 

T have also to ask you to correct an error which has 
crept into the statement of work done : ‘‘ 500 holes 17% in. 
diameter through a pair of plates +4 in. thick,”’ should read 
**500 holes 1,4;in. diameter through — Hin. thick.” 
In conclusion, | might mention that Messrs. Embleton, 

enzie, and Co. have arranged to make a medium- 
sized machine suitable for yacht, tug-boat, and other similar 
boilers. Thanking you for noti my machine, and in- 
anticipation of the insertion of this letter, 
I am, Sir, your ans servant, 


OHN TWEEDY. 
Sunderland, April 28, 1879. 





Tue Exzcrric Lient 1n France.—The French Mi- 
nister of Finance has just made an arrangement with the 


Société-Générale d’Electricité of Paris for lighting up the 
salon in the Palais de 1’E ition, Champs with 
250 electric lights. This decision, it is understood, has 
been arrived at in consequence of the success at ing the 


tending 
recent Exhibition of the paintings in the Ecole des Beaux 
Arts by means of artificial light. 





Tue InstiTuTION ConvERSsAzIONE.—At the forth- 
coming conversazione of the Institution of Civil i 
to be held in the South Kensington Museum, on y 
the 26th inst., the Galleries, set apart for the 
occasion, will be illuminated wholly with the electric light. 
Several systems will be mted—the W: Farmer 
and the iridiam incandescent light, shown by the Anglo- 


American Electric Light Company ; Siemens ; mme, and 
Wylde. It is much to be hoped that the interest attending 
this conversazione will be increased by a variety of exhibits 


contributed by members for the occasion. 





AGRICULTURAL ENGrineERs’ AssocraTIon. — The 
annual meeting was held on Tuesday, May 6th, at the 
offices of the Association, 7, Westminster Chambers, 
the ts co — b ya ome —— pe The 
re e Cou: or past year was and adopted. 
Pe new members were elected, raising the total member- 
ship to seventy-five. The President signified his inten- 
tion at the last Council meeting of propeung Mr. R. C. 
Ransome to succeed him in the office, but at the t 
request of that gentleman and of members present, Mr. 
Howard consented to fill the office another year was 
accordingly re-elected fapwmn we Mr. B. Samuelson, 
M.P., and Mr. R. Fowler were vice-presidents, Mr. 
James Hornsby, and Mr. H. D. Marshall were elected mem- 
bers of Council. Among the owe 4 business _— . ~ 

uestion of competitive trials and awards of prizes 
Melbourne eelgbition was considered, and a resolution 


advocating the abandonment of such trials and awards 
was unanimously passed. The of the R.A.S.E. 
for a museum of ancient and at the 
he 
of 


place 
the Association in of the arrangements for the 
modern department before the Council of the society. 


ern machi 

orthcoming show at Kilburn was discussed, and 

tation from the Association was appointed to pias ame 
v 
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HIGH-PRESSURE MARINE BOILER. 

We give this week on page 416 engravings of a form 
of high-pressure marine boiler designed and patented by 
Mr. R.S. Boyer, of 9, Bute-crescent, Cardiff, the particular 
boiler illustrated being rated by Mr. Boyer at 45 horse power 
nominal, and being intended for working at a pressure of 
120 lb. per square inch, The construction of this boiler 
is so clearly shown by our engravings that but little ex- 
se. will be required. Of the views on page 416, 

ig. lisa sectional plan, the section being taken on 
the line AB, Fig. 3; Fig. 2 isa vertical section through 
the centre line of one furnace; Fig. 3 is a half-end eleva- 
tion and half transverse section; while Figs. 4, 5, and 6 
show details of the stays. 

Referring to the section, Fig. 3, it will be seen that 
the boiler may be described as consisting of parts of four 
barrels each of 2 ft. 3 in. radius, these of barrels 
being united by strong junction plates, bent to meet 
the barrels tangentially, as shown, and each junction 
plate being connected to that opposite to it by strong 
transverse stays of steel made with TJ ends as. repre- 
sented in Figs. 4, 5, and 6, the latter figure also showing 
one of the junction plates to an enlarged scale, 

Of the four partial barrels the two lower contain the 
furnaces, these being made with Mr. Samson Fox’s corru- 
gated furnace tubes, which are now, we are glad to 
say, coming largely into use, and of which we hear excel- 
lent accounts. Each of the two furnaces has its own 
separate combustion chamber from which tubes return 
to the front, end of the boiler as usual. The modes of 
staying the boiler longitudinally, and also of staying 
the combustion chambers will require no explanation. 

Tho boiler illustrated is 9 ft. Gin. long, and the centres 
of the partial barrels are 4 ft. 6 in. apart both vertically 
and horizontally. The “ barrels” are, as we have said, of 
2ft. Bin. radius inside, and they are composed of } in. 
plates, the total width and height of the boiler (exclusive 
of steam domes) being thus 9 ft. lin. outside. The junc- 
tion plates are 1 in. thick, and the ends of the boiler } in. 
The furnace flues are each 2 ft. 4 in. clear diameter inside 
tho corrugations, and the boiler contains 128 tubes 3} in. 
outside diameter, and 6ft. lin. long between tube plates. 
The total heating surface is 922 square feet, and the 
weight is given by Mr. Boyer as follows: 


tons. 
Shell and sta; bia eee rae 8.7 
Furnaces and combustion chambers 3.5 
Tubes and stays “ on ove oo 22 
Total weight without steam domes .. 14.4 


In a modified arrangement, of which we have received 
a drawing from Mr. Boyer, an external combustion cham- 
ber lined with firebrick is used, the length of the boiler 
being reduced to 7 ft. 4}in,, and the furnaces and tubes 
being carried right through from end to end. An ex- 
ceedingly simple boiler is thus obtained, and the weight, 
exclusive of the combustion chamber, is reduced to 
11.4 tons, while the furnaces are enlarged to 2 ft. 6 in. 
clear diameter inside the corrugations, and the tubes 
made 83} in, in diameter outside. The heating surface is 
practically the same as in the boiler we illustrate, being 
923 square feet. We may add that in both boilers the 
longitudinal seams are to be treble-rivetted with } in. 
rivets placed at 3,4, in. pitch, while the transverse seams 
are double-rivetted, 

Altogether there are many excellent points in Mr. 
Boyer’s plans, above noticed, and they enable a boiler for 
high pressures to be constructed of plates of very mode- 
rate thickness, The second form we have described 
possesses also the advantage of being particularly 
straightforward to construct. We hope on some future 
occasion to record the practical application of one of Mr. 
Boyer’s boilers, and to be able to speak of the results 
obtained with it. 





PROPOSED HIGH-LEVEL BRIDGE OVER 
THE THAMES, 

We publish on page 411 drawings of a design sub- 
mitted by Mr. Angelo J. Sedley, for a high-level bridge 
over the Thames near Little Tower-hill. The system pro- 
posed is that of Sedley’s well-known cantilever and mid- 
girder combination, and the structure has a clear span of 
750 {t. with a headway of 85 ft. at low water, and two 
side spans of 150 ft, each, these latter having a falling 
gradient of l in 50. The width of the bridge, including 
the side-walks, is 60 ft. The mid-girder would have a 
length of 150 {ft., the remainder of the span being com- 
posed of two cantilevers each 800 ft. long. The ap- 
proaches on the Tower-hill side are proposed to be 1 in 
50, and carried on columns and girders, so as to interfere as 
little as possible with the property through which it 
passes. On the Surrey side the approach would be a road- 
way, also having a gradient of 1 in 50, disposed in a 
spiral,and having level, resting-places at intervals of 
150 ft. Mr. Sedley’s estimate for the bridge is 188,000/., 
of which 47,5007. would be for the foundations and piers. 
a approximate estimate including purchase of land is 

0008, 


The bridge would be erected without scaffolding, so 
that the waterway would not be interfered with during 
construction, The d annexed shows the 
method to be adopted. The foundations and columns 
being in place, and the latter having been tested, each 








with a load of 1000 tons, the erection of the cantilevers 
would be commenced on both sides of the piers simul- 
taneously and equally. The portion over the piers being 
completed, a length of the bottom booms A, with the 
diagonal bracing between, would be got in place and sup- 
ported by the ties B; this would be followed by the first 





sets of struts C, and the top boom of the cantilevers D 
would then be put in place as faras the strut. This 
method of erection would be proceeded with until 
the cantilevers are completed on both sides of the towers, 
and the central girder would then be put in place. This 
girder would be erected and floated downinto position to 
be lifted; it would rest on steel rollers. 








NOTES FROM THE SOUTH-WEST. 
Frome Water Works.—The laying of the supply pipes 
connected with these works is being carried on vigorously 
by Messrs. Evans Brothers. Last week they were laid »t 
the Butts, Weymouth-road, and Wallbridge. 


Salisbury.—The Town Council are about to carry out 
an elaborate scheme for the disposal of the sewage, and to 
take steps for the compulsory purchase of land required for 
the purpose. The scheme, which has been submitted to 
the oul Government Board, involves a sewage farm. 


Dorchester.—The formation of the Abbotsbury Railway 
has been commenced, and the works will, it is expected, 
occupy about twelve months. The line will connect Wey- 
mouth and Dorchester with Abbotsbury. A new platform 
has been erected at the Dorchester Station of the London 
and South-Western Railway. 


Clevedon.—Operations have been commenced here to- 
words the A aeelieetien of the narrow gauge, besides which 
it is intended by the Great Western Railway Company to 
lengthen the present om age to beyond the site of the 
existing goods shed, which will be removed and re-erec 
where the engine-house now stands. 


Ebbw Vale Steel, Coal, and Iron Company (Limited).— 
This company intend to close their iron mines on the 
Brendon Hills, Somersetshire, at the end of this week ; but 
it is rumoured that they may pass into the hands of the 
Dowlais Company, and may consequently be reopened. 


Harris’ Navigatian New Pits.—During the past week 
the 9-ft. seam of steam coal has been sunk through at the 
No. | pit of the Harris’ Navigation Steam Coal Company, 
near Quakers-yard. The seam, which has been struck at 
a depth of about 782 yards, proves to be 13 ft. thick, and 
consists of 11 ft. of clear coal, and about 2 ft. of ‘‘ rashens” 
in the middle. A solid lump of the coal, weighing 18 cwt., 
was brought to bank. 

Death of Mr. R. T. Crawshay.—The death is announced 
of Mr. R. T. Crawshay, of Cyfarthfa Castle, Merthyr 
Tydfil, in the sixty third. year of his age. The deceased 

tleman was the owner of the great iron works at 
Syfarthfa, which were finally closed some years since in 
consequence of the refusal of the men to accept a reduction 
in wages. He was known as the ‘Iron King,” his pro- 
duciions, particularly of bar iron, being of exceptional 
quality, and securing an extensive sale in all of the 
world. Since the suspension of the Cyfarthfa business he 
has suffered from paralysis, and his decease, which took 
place at Cheltenham, was not unexpected. 


New Government Offices at Cardiff.—After many delays 
the plans have at last been settled by the officials of the 
Board of Works for new Government offices, which are to 
be forthwith erected at Cardiff Docks. The site selected is 
immediately opposite the Mount Stuart Hotel, upon a piece 
of vacant ground laid out as gardens, and known from its 
shape as the Grand Pianoforte. It has a ~~ +¥ of 100 ft. 
to Mount Stuart terrace, and an extreme depth of 200 ft. 
The south face of the building will abut on the Bute Dock 
wharves. It is stated that the land has been sold by the 
trustees of the Marquis of Bute to the Government for 
40001., and the buildings about to be erected will, it is es- 
timated, cost 14,0001. to 15,000. Accommodation will be 
provided for the Post Office, the Postal — Service, 
the Mercantile Marine, and the Shipping Office. It is not 
contemplated at present to remove the Custom House from 
its position at the bottom of St. Mary-street, but land will 
be reserved by the Bute trustees adjoining the present 
site, in view of other public building being ultimately re- 
quired there. ee have been drawn, and tenders 
will shortly be invited. The buildings will be constructed 
of brick, with light pink stone dressings, and in style they 
will resemble the Bute Dock offices. 

Penarth Dock.—The largest quantity of coal ever sent 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
fair average attendance on ’C at Middl esbrough, but 
very little business was done. Messrs. Connal and Co., 
of Middlesbrough and Glasgow, had, it was ascertained, a 
stock of 84,000 tons of warrants on Teesside and 258,230 
tons at Glasgow. Their he warrants were 
quoted 38s. 6d. net cash No. 3 f.o-b. though shipments 
are fairly active there is not such a demand for iron at 
pa to reduce the stocks rapidly enough to cause any 
urther advance in prices, and in spite of so ea number 
of blast furnaces being damped down in Cleveland, No. 3 
ean be bonght at 37s. 6d. per ton. The aspect of affairs is 
extremely gloomy. 


The Finished Iron Trade.—There is very little doing in 
the finished iron trade, and prices continue low. Several 
of the works remain idle, it is feared that some of them 
will not be started again for many months. 


The Durham Strike.—To-day an adjourned committee 
meeting of the colliery owners and pitmen is being held in 
Newcastle with a view to settling the strike in Durham. 
Up to the time of writing there is no authentic informa- 
tion as to the result of the meeting. It is hoped that 
some arrangement will be made which will result in the 
early resumption of work. 


Suspension of an Ironmaking Firm and Damaging 
Rumours.—To-day Messrs. Lloyd and Co., of the Lin- 
thorpe and Crackenby Iron Works, Middlesbrough, have 
filed their petition in the Stockton County Court. Depres- 
sion in trade has caused the collapse of this company, who 
are the owners of nine blast furnaces, six at Linthorpe and 
three at Crackenby. It is only about nine months since 
they took over the latter furnaces. Owing to the strike 
and depression two furnaces only are in operation. The 
company consists of Mr. lsaac Wilson, M.P., Mr. W. RB. I. 
Hopkins, Mr. Edgar Gilkes, of Middlesbrough, Mr. 
Haytor, of London, and the representatives of the late 
Mr. Robert Lloyd. To-day it has become also known 
that the Messrs. Hopkins, Gilkes, and Co., Limited, 
blast furnace owners and engineers, have been com- 
pelled to announce a supervision of operation. The 
chairman of the company is Mr. Isaac Wilson, M.P., 
and Mr. Hopkins and Mr. Gilkes are directors. For the 
last few years the company has felt keenly the protracted 
depression in trade, and although they have struggled to 
compete successfully by means of the Danks rotary 
puddling furnaces, their losses have been very considerable. 
The suspension of payment by the Skerne Iron Works 
Company of Darlington and Middlesbrough is also 
announced. The district is in a state of uneasiness 
and apprehension, and it is feared that other firms will fail 
to meet their <a, It is is useless to disguise the 
fact that when the eyes of the world were turned to Cleve- 


ted | land rising as a great steel-making centre, these stoppages 


will seriously interfere with the prospects and damage the 
credit of the district for a while. 


ITALIAN RAILways.—The aggregate revenue of all the 
Italian railways last year was 6,140,9781., as compared 
with 6,132,5971. in 1877, showing an increase of 83811. last 
year. This small increase was partially attributable to 
the opening of a new line, the Settimo and Rivarolo. 








** LOCOMOTIVES AT THE PARIS EXHIBITION:’’ ERRATA. 
—We regret to say that in our last article on the ‘‘ Locomo- 
tives at the Paris Exhibition,’’ on page 389 of our last 
number, some mistakes in res occur. In the third 
column of the page mentioned, lines 26 and 28 from the 
bottom, the diameters of wheels given, namely, 6 ft. 2.8 in. 
and 3ft. 8in., are the diameters over inner tyres, the dia- 
meters of the wheels in contact with the rails being 
6ft. 63 in. and 4ft. 1.6in. respectively. This error affects 
some of the below, o~ ys line 22 from bottom for 
**6ft. 2.8in.” read “6 ft. 63 and in line 20 from 
bottom for “74.8” read ‘78.75,’ and for “‘101” read 
* 97.5.” Also in line 14 from bottom for “123.3” read 
** 127.7,” and on 392, third column, line 7 from top, 
for ‘‘ engine’’ read ‘‘ tender.” 


in. ” 


Water Suppiy, S—waGE, AND HeaLTH.—The annual 
conference of the Society of Arts was held on Thursday 
and Friday last, Lord Alfred Churchill, Chairman of the 
Council, in the chair; in the absence of the Right Hon. 
James Stansfeld, M.P., late President of the Govern 
ment Board, from ill health. The conference opened on 
Thursday, with an address from the chairman. The 
pers and discussions were taken under the following 
eads: 1. Methods of securing a sufficient supply of 
pure water. 2. Evils of impurity, and consequent con- 
nexion of the water supply rand sewage. 3. Methods of 
sewage, &c. Amongst the readers of papers were Pro- 
fessor Hull, F.R.S. (Water Supply of the Eastern 
Counties), Sir H. Cole, Mr. Edwin Chadwick, Dr. Thorne 
Thorne (‘The Recent Fever Uutbreak at Caterham), Arch- 
deacon Denison (Water Supply at East Brent), Mr. A. H. 
Brown, M.P. (Rating for Sanitary ), Mr. Ernest 
Hart (Connexion between Disease and Impure Water), Mr. 
Cresswell (The Sanitary Condition of the Thames), Mr. J. 
Clarke Hawkshaw, Mr. Bailey Denton, Professor Ansted, 
F.R-S., Mr, De Rance, Mr. Joseph Lucas, Rev. E. C. Clut- 
terbuck, Mr. J. Lynam, Mr. James Dillon, Mr. Baldwin 
Latham, &c. The report of the judges upon the essays on 
water supply, sent in to com; for the medals offered b 
the Society, was laid before the conference, and the a 
announced of a silver medal to Mr. Frederick Topliss, and 
a second silver medal to Mr. Joseph Lucas for their papers. 
An exhibition of mechanical oad chemical apparatus, re- 





a from Penarth Dock in one week was shipped in the 
mony ns ending Saturday viz., upwards of 34, tons, or 


nearly 6000 tons per day. 


to water supply, treatment of and health, 
y during 


was at the Society’s rooms duri 
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NOTICES OF MEETINGS. 

INSTITUTION OF CrviIL ENGINEERS,—Tuesday, May 20th, at 8 p.m. 
“The Improvement of the Bar of Dublin Harbour by Artificial 
Scour,” by Mr. John P. Griffith, Assoc. Inst. O.E. 

SocrETY OF ARTS.—Monday, May 19th, at8p.m. Cantor lectures: 
“ Recent Advances in Telegraphy,” by W. H. Preece Lecture V.— 
Automatic and Fast-Speed Telegraphy.— Tuesday, May 20th, at 
8 p.m. Special meeting: The adjourned discussion on Mr. W. 
Lloyd Wise’s paper on “ The Government,Patent Bill” will be re- 
sumed.—Wednesday, May 2ist, at 8 p.m, Ordinary meeting. 
“Edison's New Telephone,” by Conrad W. Cooke; Professor J. 
Tyndall, LL.D., F.R.S., will preside.—Thursday, May 22nd. at 
8p.m. Chemical section: “The History of Alizarine and Allied 
Colouring Matters, and their Production from Coal Tar,” by W. H. 
Perkin, F.R.S. Part Il.—Friday, May 28rd, at 8 p.m. Indian 
Section: “The Harbour of Kurachee,” by W. J. ce, M.LC.E. 
Sir William Merewether, C.B., K.0.8.L, will preside. 

THE METEOROLOGICAL SocrETY.—Wednesday, the 21st instant, 
at 7 p.m., at the Institution of Civil Engineers, the discussion on the 
Rev. William Clement Ley’s paper “On the Inclination of the 
Axes of Cyclones,” will be resumed, and the following papers read : 
“On Observations of the Velocities of the Wind and on Anemo- 
meters,” by G. A. Hagemann. “On the Relation between the 
Height of the Barometer and the Amount of Cloud, as observed at 
the Kew Observatory,” by G. M. Whipple, B.Sc., F.R.A.S, 
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THE GOVERNMENT PATENT BILL. 

AN important discussion on the Government 
Patent Bill is to be continued at the Society of Arts’ 
house in the Adelphi on Tuesday next, commencing 
at 8 o'clock. This discussion was opened on the 
7th inst., when Mr. Lloyd Wise read, to a large meet- 
ing, & paper in which he rapidly reviewed the Bill. 
We alluded to the matter tbriefly last week, and 
mentioned that the exhibition of electric lights at 
the Albert Hall the same evening had attracted 
from the meeting in the Adelphi many interested in 
Patent Law reform. We, however, recommend 
such persons not to lose the opportunity next 
Tuesday's meeting will afford of putting their views 
prominently forward. It is notorious that inventors 
and patentees are, as a rule, very ignorant of Patent 
Law. This probably is because the subject is a dry 
one, and they shirk it. But unless they bestir them- 





selves they can hardly expect their interests to be 

ed? It is true several members of Parlia- 
ve, to their credit, done all they could in 
believing the interests of inventors 


duly 
ment 
this direction, 


unreasonable to ny ig members of Parliament 
can always act for the best unless those whose in- 
terests have to be dealt with are careful to make 
known their requirements. Inventors, patentees, 
and persons concerned in patent property constitute 
a very numerous body indeed, yet a lecture on the 
telephone or the electric light will generally com- 
mand a larger attendance of such persons than a meet- 
ing convened to consider questions of vital impor- 
tance to themselves. An unsatisfactory Patent Law 
would raise an outcry such as is seldom experienced, 
yet a large majority of those who would most loudly 
complain, forgetting that prevention is better than 
cure, now treat any proposed legislation with an in- 
difference which is perfectly astounding. ‘They are 
not lawyers, they have no taste for law, they are 
often not even good men of business, and so they 
leave things to take their chance. Fortunately, we 
have some able men who besides being inventors of 
the first rank are also business men, and seeing the 
importance of the subject, have taken the trouble 
to make themselves acquainted with the various 
proposals from time to time made with the object 
of amending the Patent Laws. Such men labour 
not only for themselves, but for their brethren, 
whose inactivity, however, is none the less to be 
regretted. Lawyers prepare Bills according to 
their own notions of what may be advisable, but 
they do not see the question from the inventor's 
point of view, the wealthy inventor does not regard 
it from the same point of view as his less opulent 
friend, or, may be, rival, and so on, throughout the 
chapter, and therefore it is needful, for the common 
weal, that all should take an active part in the 
endeavour to satisfactorily solve the intricate 
problems involved. 

An opinion seems to have gained ground that be- 

cause the present Bill is better than those of 1875, 
1876, and 1877, there is no occasion to take any 
trouble about it. Those who may be labouring 
under this erroneous impression will do well to 
peruse Mr. Lloyd Wise’s paper, in which the salient 
and most important points of the Bill are dealt with, 
and which appears in ewtenso in the Journal of the 
Society of Arts of the 9th inst. Many of the objec- 
tions he mentions, we had previously pointed out, 
and it is desirable that they should be attentively 
considered by allinterested. The importance of this 
has been already appreciated by Scotch inventors, 
who have formed an influential committee to deal 
with the subject, and as showing how entirely 
erroneous must be the notion that the Bill re- 
quires no special attention, we may mention that, 
after the reading of the paper already referred 
to, the secretary of the Society of Arts, Mr, 
Trueman Wood, read a communication from 
the Glasgow Committee of Inventors, in which 
occurred this passage: ‘‘ The majority of inventors 
in Glasgow would prefer to have no legislation at 
all at the present time rather than have the Govern- 
ment Bill as it stands.” We think they are right, 
and it is well that, on the request of Mr. James R. 
Napier, F.R.S., a leading member of their body, 
the communication in question was sent. They 
have set an example others will do well to follow. 
We have no desire to hinder the passing of the Bill 
properly modified, but bitter disappointment would 
undoubtedly result should it become law in its 
present form. If we urge taking part in discussions 
at meetings, such as that announced for Tuesday 
next, it is because we see the great danger of silence. 
Silence gives consent, and members of the 
legislature will interpret it as meaning approval of 
the Bill, whereas, undoubtedly, several of its clauses 
are strongly objected to 7 those who understand 
them, and have remained unopposed by others, 
either because not considered by them, or because, 
if considered, their import has not been fully 
realised. 
Many as are the good features in the Bill, it is 
not as it stands one that would, on the whole, con- 
duce to the good either of inventors or of the 
country, and this is no doubt mainly attributable 
to the influence upon its framers of the mistaken 
notion referred to at the Society of Arts’ meeting, 
by the chairman, Mr. Bramwell, that those protected 
by a Patent Law are in some sense adversaries of 
the public at large. 





THE ELECTRIC LIGHT. 
AFTER more than four months’ experience and 
much careful investigation of the Jab hkoff sys- 
tem of electric lighting upon the Thames Embank- 
ment, Sir Jose h Bazalgette and Mr, T. W. Keates 


to the Metropolitan Board of Works. We regret 
that the space at our dis will not allow us to 
reprint this report, which is, in our opinion, the 
most practical and valuable official document on the 
subject that has been issued from any source, We 
propose, however, to review its contents as fully as 
possible. After a prolonged trial of the Jablochkoff 
system applied to public lighting in the Avenue 
de l’Opera, and other places in Paris, the Societé 
Générale d’Electricité made proposals both to the 
Metropolitan Board of Works and the City authori- 
ties to instal a sufficient number of lamps in London, 
and to secure a fair trial for their system here. 
This proposal having been accepted, the Thames 
Embankment and the Holborn Viaduct were selected 
as eligible situations for the experiments. With re- 
gard to the latter, it will be remembered that the 
trial was a short one, and could not be considered 
as satisfactory either in its results nor in the deduc- 
tions made in the official report, so that but little 
useful purpose was served by this installation. 

On the “mbankment the distance proposed to be 
lighted lay between Westminster and Waterloo 
bridges—7063 ft.—and every alternate one of the 
existing lamps upon the pores was adapted for the 
purpose, twenty lamps in all being thus fitted. The 
motive power employed was a pote engine of 
20 nominal horse power, supplied by Messrs. Ran- 
somes, Sims, and Head, and the report calls especial 
attention to the admirable and steady working of 
this machine during the whole of the trials. We 
have already (see ENGINEERING, vol. xxvi. page 494) 
published a plan and full particulars of the installa- 
tion, and need not therefore repeat them here. 
Public lighting of the Embankment was commenced 
on the 13th December last, and after a month’s 
regular working, it was decided to commence the 
series of investigations which are embodied in the 
report and give to it an especial value. It was de- 
sired to ascertain exactly the power required to 
produce the light, the cost incurred, the photo. 
metric value obtained, and the comparative cost of 
the electric lighting and of gas illumination. The 
trials lasted over a period of 12 days from the 
24th January to the 5th February, and the time of 
trials was extended each night to a period of 5.5 
hours, all the twenty lights being operated together, 
except when it was desired to ascertain the results of 
working separate circuits. ‘The following data refer 
to the whole of the 12 days’ experiments : 


Mean pressure of steam in boiler _,.. 50 lb. 
Mean temperature of feed-water .., o» 60 deg. 
Fuel consumed per indicated horsepower} ... 3.86 lb. 
Mean indicated horsepower ... eee ove 28.34 
Water used per hour ... Heo ooo .. 85.89 g* 
Fuel used per hour .. ae ove ++» 90.26 lb, 
Means of engine, 143.36 rev. per minute. 
Power absorbed in driving engine and inter- 

mediate shafting 5.19 HP. 


A series of careful investigations showed that the 
be required under different conditions, was as 
ollows : 


1. To drive the two Gramme machines without 


current passing ooo eee ote eee 
2. To drive the two Gramme machines with the 
current passing 


3. To drive machines, and one circuit of 5 lights 13.17 
~ Teds re two ,» 10 , 17.98 
5. three ;, 15 °, 20.75 


” ” 


6. ” - four ,, 20 4, 23.53 
The mean of the 12 nights’ experiments with the 
20 lights was somewhat less than this, however, 
having been 23,34 horse power, It will be noticed 
that the power required per light decreased rapid] 
with the number of lights, and deducting the 5.1 
horse power absorbed by the engine and intermediate 
shafting, the amounts varied as follows : 
To produce 5 lights 4 HP, per light was required, 

” 15 ” 1.03 ” ie : 
Taking next the cost of producing the light, we 
find that for the 12 nights of trial, or a period of 
66 hours in all, the items stand as follows per night 
of 5.5 hours : 


£s. d. 
498.5 Ib. coal, at 17s. per ton ae ow 0 8 95 
98. Po for getting up steam we 0 0 9 
Wood eee eee ove ove eve eee 0 0 3 
Oil, Se. ee is ats o'lamm ot 
big “one ae ee 
Wages of assistants ... bee 010 0 
Total eos ie see £1 9 8.5 
This is equivalent to 17.8d. per night ber light, or 
3.24d. per hour. It is obvious that these figureg 
would have been reduced had the number of lights 








to be identical 


with those of the public, But it is 





have presented a joint report on the results obtained, 





been greater, and the time of running longer, since 
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w fuel, &c., would not have been increased 
Saleeten to the results obtained, as will be evi- 
denced by the more extended experiments about to 
be commenced on the Embankment, To the ex- 
pense of working, however, must be added the 
interest on cost of plant, and depreciation, which 
is stated in the report to be as follows: 


z& 

Cost of engine, complete ... 495 
¥ Swe Gremmne machines 360 

a lting, &c. ... hab 35 

»» conducting cable, &c. 390 


£1280 

The cost of the engine for an installation of 20 
lights should be less than given above, as one of half 
the power would have been sufficient for the pur- 
, and this would have reduced the capital out- 
ay to 990/., on which interest and depreciation 

should be calculated. > 
The value of the light obtained next occupied the 
attention of the officers of the Board of Works, and 
this was estimated under three different conditions: 
1, the naked light; 2, the light shielded with an 
opal globe; and 3, the same light within a frosted 
globe. An ordi hotometer was employed with 
a standard sperm oil lamp, consuming 925 grains per 
hour, with a flame 2 in. long, and giving a light 
equal to 16 sperm candles, being exactly equal to the 
Parliamentary standard. By this means the follow- 
ing results were obtained, after a number of pre- 
liminary experiments had been made to insure 

accuracy: 

1, The naked light (mean of 8 experi- 


ments) oad 2M ons .. =378.1 candles 
2. The mr within an opal globe 
(mean of 3 experiments) oo 154.9 _ ,, 


3. The light within a frosted globe 
(mean of 2 experiments) ... wo. 2985. - 

So that the opal glass reduced the amount of 
lighting 59 per cent., and the frosted globes 29.9 per 
cent. 

To obtain the best comparison with gas, experi- 
ments were conducted with some of Sugg’s large-sized 
burners. To produce a light with them equivalent 
to 155 candles, the consumption of equalled 48 
cubic feet an hour, and for a 264 candle light, the 
consumption was raised to 83 ft. The cost of these 
lights per hour was repectively 2d. and 3.5d. ; 

As we have seen, the cost of producing the electric 
ight was 3.24d. per hour, but to this has to be 

ded the interest on plant and depreciation, as 
well as the cost of the Jablochkoff candles. The 
capital expenditure being taken at 990/., the interest 
on this sum at 5 per cent. would be 49/. 10s., and 
the depreciation, 99/. a year, taken at 10 per cent. 
This amount, divided for the year over twenty 
lights, and assuming that each yo d works 3600 
hours a year, would give asum of .20d. per hour and 
per light. As re the cost of the candles, the 
Jablochkoff company commenced by charging the 
Board of Works at the rate of sixpence per hour 
per lamp; subsequently this was reduced to five- 
pence, and more recently, they have offered to 
maintain the whole of the lamps at fivepence per 
hour each, this sum to include all charge of wages, 
fuel, repairs, &c. It will thus be seen either that 
the company has been charging an unreasonably 
high price for the candles, or that they are prepared 
to continue lighting the Embankment at a loss. 
The latter we do not suppose in this case, especially 
as in the recent report of M. Cernesson to the 
Ville de Paris (see ENGINEERING, page 104 ante) we 
find it stated that the cost of the candles should 
not be more than one penny an hour, and that they 
can be supplied at this rate. The Board of Works 
have assumed the lowest price to be double this, 
and their estimate of the total cost of each lamp 
per hour stands thus: 


d. 
Cost of working ove - 3.24 
Interest and depreciation ... 49 
Candles ose wb bie 2.00 


Total ese o tee SB 
The cost of the candles is the only uncertain 
element in this estimate ; but if it errs, it is on the 
side of excess. Comparing this cost with that of 
gas we have: 


a. 

Cost of electric light per hour __... oo = 5.73 
Cost of of power equivalent to electric light 

A. me eee ae pn ligit 2.00 
ost of gas wer equivalent to electric light 

in frosted globe pa 3.50 


It will thus be seen that according to these figures, 
the same light could be obtained by gas for much less, 
or rather more than half the cost of the electric light, 
according to the mode of obscuring it, It will be seen 








from these figures that the present report, besides 
being the most cen 5 se one on the subject 
yet issued, also undoubtedly presents the Jablochkoff 
system to the greatestadvantage, probably on account 
of the excellent nature of the installation and motive 
power; but even under these favourable circum- 
stances, the comparison with gas is eminently 
favourable to the latter. Thetwenty lamps on the 
Embankment t replaced 119 jets of gas, 
which gave collectively a light of 1336 candles, 
with an hourly expenditure of something under 
500 ft. per hour, and costing about 20d. per hour, 
as compared with 114d. per hour for the electric 
light. On the other hand, the latter was far more 
powerful than the former—7560 candles as com- 
pared with 1336; but this quantity is reduced by 
the —e globes to 3.098 candles, or 2.3 times the 
gaslight; and with frosted globes to 5300 candles, 
or about fourfold the gaslight, but at 5.7 times its 
cost. But we do not think it can be fairly urged 
that the Jablochkoff lights on the Embankment 
illuminate that wide thoroughfare much more effi- 
ciently than do the gas-lamps, partly because of the 
unfortunate position of the former, by which one- 
half of the light is thrown into the river, partly on 
account of the absence of suitable reflectors, result- 
ing in the wasteful diffusion of a considerable 

ortion of the remaining light skywards, and also 
because the 119 points of illumination given by 
the gas, result in a more perfect diffusion than 
do the 20 lamps upon the river wall. Certainly, 
the extra light obtained is entirely disproportioned 
to the cost of obtaining it, and very different 
financial results must be proved, before it can be 
hoped that the Jablochkoff system will meet with 
favour amongst municipal boards and ratepayers. 
We believe that considerable economies are still to 
be effected in the power used ; this will be partially 
demonstrated by the extended experiment about to 
be undertaken on the Embankment, when 40 lights 
will be driven from the engine at Charing Cross, 
and the whole thoroughfare will be illuminated from 
Westminster to Blackfriars. It will probably be 
found under these new conditions that the consump- 
tion of power will fall considerably below a horse 
power per light, the expense of attendance will re- 
main practically the same, and the interest of plant 
and depreciation will not be increased in propor- 
tion to the extra number of lamps. Attention 
should also be directed to utilising, by suitable re- 
flectors, a large Dew of the light now lost, and also 
to improved methods of shielding the lights without 
so large a sacrifice of illuminating power. It is 
probable too that the candles will be produced more 
cheaply, and about one penny per lamp per hour will 
be saved in this direction. But even if all these 
results be attained, the cost of illumination by the 
Jablochkoff system will still remain higher than by 
gas, and we think it more than doubtful if the 
public will be contented to pay the necessary 
difference. At the same time it must not be forgotten 
that in the hands of the Board of Works a greater 
economy has been obtained for the system than 
was previously recorded, and it is possible that this 
economy may yet be pushed to farther limits than 
our present experience warrants us to hope. 








SONOMETRY BY ELECTRICAL 
INDUCTION. 

On Saturday afternoon last, their Royal High- 
nessess the Prince and Princess of Wales, the Mar- 
= and Marchioness of Salisbury, Lord Rayleigh, 

ir John Lubbock, and other distinguished guests, 
visited the house of Mr. W. Spottiswoode, President 
of the Royal Society, to examine the loud-speaking 
telephone of Professor Edison,* who is at present 
represented in this country by Mr, Arnold White. 
The telephone, under the supervision of Mr, Conrad 
W. Cooke, worked admirably, and by its loudness 
and distinctness, justified its right to the name it 
bears, We believe, however, that new instruments, 
embodying important improvements, are on their 
way to this country, 

In addition to the Edison telephone, the Cowper 
writing pee cg Mg shown, and two very beau- 
tiful instruments by Professor D. E. Hughes, which 
also formed the subject of a paper read by that 
gentleman before the Royal Society last evening. 

A short time since (vide ENGINEERING, page 218 
ante) we described at considerable length the 
valuable investigations of Mr. Hughes, which had 
for their object the elimination of the effects of 





* See ENGINEERING, page 239 ante. 
t+ Vide ENGIngERING, page 180 ante. 


induction upon telegraph lines, and we illustrated 
on the same occasion the apparatus he designed to 
effect this, and which, as we pointed out, completely 
and most efficiently answered its purpose, not only 
in reference to one pair, but for any number of lines 
in a group. 
It will be remembered that the function of the 
apparatus is to generate, at the same moment that 
a current is passed through a primary wire, a cur- 
rent of equal strength, but of opposite direction to 
that induced by the one passing throngh the primary 
wire, so as to neutralise exactly the induced cur- 
rent, and to free the wire from its objectionable 
influence. The means by which this is effected are, 
as will be remembered, of the simplest possible 
character. They consist of a compensator formed 
of coils of wire, the lengths of which are propor- 
tional to the lengths of the lines to be protected, 
There are as many of these coils as there are lines, 
and they are mounted on a cylinder in such a way, 
that the distance between them can be regulated 
as may be found necessary. This compensator is 
joined tq the lines at the transmitting end, and 
once adjusted, need not be again changed. The 
correctness of the adjustment is determined by 
having, in circuit with the line, a battery and clock- 
microphone and a telephone in connexion with the 
induction rings. By means of the telephone, the 
ticking of the clock on the microphone circuit can 
be heard, until by sliding the coil backwards and 
forwards, the position is attained when the in- 
duction current is exactly balanced by the reverse 
currents in the coils, and absolute silence ensues. 
The other important part of the apparatus is that 
for reversing the current in the coil of the primary 
wire at the moment of passing a current through 
the latter, so that the induction thereby set up in 
the adjoining coil and wire may be neutralised. 
Two distinct and very beautiful applications of this 
induction balance have since suggested themselves 
to Professor mor and, as stated above, were 
exhibited to H.R.H. the Prince of Wales on Satur- 
day iast. We will briefly describe the principles 
upon which these apparatus are designed, and we 
must refer to some of the well-known experiments 
made use of by Professor Hughes during his investi- 
gations which led up to the induction balance. In 
our article on the subject already referred to, we 
published a diagram of the arrangement employed 
by Professor Hughes to illustrate the power of 
induction. He employed two insulated coils, one 
of which had a telephone in circuit, and the other 
a clock-microphone, and battery. The influence 
of induction is strikingly illustrated by this simple 
apparatus. So long as the two coils are kept 
parallel to each other, the ticking of the clock 
can be heard clearly, thanks to the delicate re- 
cording power of the telephone, even when the 
coils are separated by a distance of 2 ft. or 3 ft., 
the sounds becoming, of course, louder as the 
coils are brought closer. This simple experiment 
illustrates clearly the — on which the 
first of the two new applications of the induction 
balance is based. Professor Hughes calls it the 
sonometer or audiometer, and it is intended for con- 
ducting aural investigation with absolute accuracy, 
a line of inqairy hitherto limited, for the want of 
such an instrument, It is represented by the ac- 
ommuyueg *e. 1 and consists of a small bedplate 
with a bracket at each end to carry a horizontal rod 
200 millimetres in length, and of the section shown. 
At one end of this rod is fixed a bobbin A, with 100 
metres of insulated wire wound upon it, and at the 
other is a similar but smaller bobbin C, upon which 
is wound about one metre of insulated wire. These 
coils are so connected together as to have opposite 
(but necessarily unequal) inductive influences upon 
a third bobbin B sliding between them. They are 
placed in circuit, with a battery, a galvanometer, 
and a clock-microphone. Sliding on the rod is the 
third bobbin B, carrying 100 metres of wire, in every 
respect similar to the bobbin A, and having a tele- 
phone in circuit with it. It will be seen at once that 
induction will make the clock audible by means of 
the telephone, but with varying loudness, accord- 
ing to its relative distances from the bobbins A and 
C; also, it will be seen that there exists a point on 
the rod where the induction from C will be equal to, 
and entirely neutralise that from A, and absolute 
silence must ensue, and it will be evident tliat this 
zero point is nearer to C than A, on account of the 
difference in the power of the coils, for if both were 
equal the zero point would be equidistant between 
them. The only object in making A and C of dif- 





ferent proportions is to insure a longer range or 
scale. ‘Ihe rod is divided into centimetres or 


























May 16, 1879.] 


ENGINEERING. 








419 





any other convenient units. The action of the in- 
strument will now be at once evident. To test the 
aural power of any person, it is only necessary to 
place the telephone coil against the bobbin A, 
and slide it slowly towards zero, until the point is 
reached when the ticking of the clock becomes in- 





pry OC 





audible, the scale on the rod then indicates exactly 
the aural power, which can be thus denominated by a 
number, the value of which may be fixed to any con- 
venient standard. We believe that the most deli- 
cate sense of hearing yet tested with this instrument 
does not descend nearer than 5 millimetres from the 
zero point, whilst the average power varies between 
10and 20. Thescientific as well as the physiological 
uses of this simple instrument will probably be very 
great. 

The second application of Professor Hughes’s 
balance is represented by Fig. 2. In this a different 
principle is employed, for whereas in the audiometer 
one coil is shifted to and fro until perfect equilibrium 
is attained, in this one, a perfect electrical balance 
is permanently established, and upon its accuracy 
the delicacy of the instrument depends. It consists, 
as will be seen, of two hollow cylindrical boxes, 
around each of which are wound two parallel coils. 
One pair of these is connected by a line, and is 
placed in circuit with a battery and clock-micro. 
phone. The other pair is also connected with a 
wire, and joined in a telephone circuit. 'The induc- 
tion set up in the secondary line from the current 
passing through the primary coils is balanced by 
the reversal of one of the bottom coils, and adjusted 
to an absolute silence point. The distance between 
the two boxes is immaterial, in fact, they may be 
miles apart, or standing on the same table. Now, 
if any metallic substance, a coin for example, be 
placed in one of the boxes, the balance is destroyed 
by the resistance set up in the body of the metallic 
substance introduced, and the ticking becomes 
audible, and so delicate can the adjustment be 
made, that if two coins, similar, but not oe 
identical in weight or composition, be introduced, 
the difference can be at once detected by the sound. 
‘Thus if a couple of sovereigns fresh from the Mint 
be placed one in each box, the balance is not upset ; 
but if one of these coins be subjected to a very slight 
degree of attrition, the balance is destroyed and the 
ticking of the clock becomes audible. In this way 
the existence of impurities in metals, or of inequali- 
ties in alloys, toominute tobe discovered by analysis, 
are instantly detected, while perfect similarity is also 
as instantly proved. Some very interesting investi- 





gations with an instrument embodying this principle 


have been carried out recently at the Mint by Mr. 


Chandler Roberts. # 


From this brief description it will be seen that 
the value of the Hughes induction balance is not 
confined to telegraphic uses, but has wide and varied 
applications, two of which have thus been indicated 


FIG. I. 
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by Professor Hughes himself, who has thereby placed 
in the hands of the scientific world the means of 
obtaining an electrical balance as absolute in pre- 
cision as it is simple in principle and construction. 





THE USE OF STEEL IN NAVAL 
CONSTRUCTION.* 
By NATHANIEL Barnasy, C.B., Director of Naval 
Construction. 

THE 
calling up before you at your meetings the users of the 
material which you make with so much care and success. 
As one of the witnesses summoned, I fully admit that I 
am bound by every consideration to give evidence. Yet, 
the more I think about the subject-matter of the evidence, 
the more sensible I become of my inability to throw any 
strong light upon the difficulties we still find as we extend 
the use of steel in naval construction. : : 

When I called attention four years ago to the difficulties 
we had then to contend with in steel ship plates, I was per- 
forming a very ungracious task, and I appear to have given 
- where I would willingly have offered only respect and 

miration. 

I have since learned from your kindness that you have 
found my voice to have been that of a friend. You have 
learned also in the shape of orders for ship plates and 


angles, with which you were not previously very familiar, in 


that naval architects, pean, and marine engineers 
have fully recognised the magnitude of your recent 
successes in producing and cheapening good ship plates of 
steel. I need not tell you of the recent action of the 
Admiralty, of Lloyd’s ister, of the Board of Trade, 
and of all our most enterprising private shipbuilders in 
relation to the use of steel, but I would remind you 
that this is a veritable beginning of a great and inevitable 


ey 
ae were built in the United 


I that steel shi 
math cc ; ut I learn also from the re- 


Kingdom twenty years ago, 


gister kept by Lloyd’s surveyors that after the year 1866 | 


only three small vessels were built in the United Kingdom 
during ten years. 

The real omer was made in the private trade in 1878, when 
eleven vessels were built of steel. _ ad 

At this moment there are steel ships building all over the 
kingdom. 

ow 

a “duri ~ ) 1878 th 
or duri ere Was & 
which 52.657 was wood, 517,692 of iron 
i.e., wood still retained 9 per cent. of the whole, and steel 
had only at in aclaim for {per cent. The new material 
is destined, no doubt, to occupy nearly the whole field in 
the future. But there was great activity in ship 


* Paper read before the Iron and Steel Institute. 


ea field lies open may be seen from the fact that 
sed by the Committee of Lloyd’s ister in 

tonnage of 574,819, of 

and 4470 of steel 





Council of this Institution acts wisely, no doubt, in be 


during the ten years, and iron ships take a time 
to pe Lyd agg bo how the by ich 
satisfactory steel can be eed ab chen rates have 
been before us, some one been at fault in allowing 
us to build during our time in iron instead of steel. 
* gpg ae occasion for fault-findi 
in this respect, but they remember that a 
mai people should be reluctant to lose the lead 
in improvement in materials and modes of manufacture, and 
we have certainly been very near losing it in the right 
ition < ot De inventions to the wants of 

shipbuilding marine ing. 

propose to do you the service I can by once more 
finding fault. I cannot give the reasons of the defects I 
ate malay pry be one notice, still less can I propose re- 
m -, Tam confident that it is only necessary for you to 
be convinced of a fault in order to overcome it. 

The defects of which I have to complain have come out 
in angle bars and not in plates. They are not due to causes 
discoverable by our tests. I annex the code of tests, and I 
do not at present see how it can be extended so as to detect 
the hidden cause of our troubles. 

The materials have been supplied by first-class firms, and 
made in the Bonssaner converter. 

Recent cases have occurred of fracture in such bars, 
satisfying all the test conditions, without apparent cause, 


or from some trifling blow or s . One 8 in. by 3 in. 
# in. bar broke through a rivet hole after it had Bet, kek 
to form and annealed, without known cause. Another 


an 

fractured in the 3-in. flange to the root after leaving the 
the’ in. lange while being faired on theviabatternountins, 

e'3-in. while bei ired on the ing. 
One 4in. by 3in. by jin. bar fractured in the 3-in. flange 
when one end having been annealed the other end was 
about to be put in the furnace for annealing. There were 
other similar cases which I need not record. I should add 


that they nearly all took place during the late severe 
weather at Chatham. No doubt these bars had been 


treated much as iron bars would have been, the 
ference} being that whenever they had been bent 
were annealed before they went to the ship. 

The instructions given are: 

1. All plates or bars which can be bent cold are to be so 
treated; and if the whole length cannot be bent cold, 
5 is to be had recourse to over as little length as 
possible. 

2. All plates or bars which have been heated for bending 
or flanging are to be annealed afterwards over the parts 
which have been heated. If it is inconvenient to orm 
the operation of annealing at one time for the whole of a 
plate or bar, portions of the length may be annealed sepa- 


rately. 

3. If desired, exceptionally long or quickly curved bars, 
such as frames, may be formed of shorter pieces with the 
butts suitably shifted and strapped. 

4. No bar or plate which shows signs of failure or frac- 
ture in working should be put into a ship; but pieces 
should be cut from such plates and bars, and subj to 
quenching and tensile tests. The details of the failures, 
with particulars of the subsequent tests, should be for- 
warded to the Admiralty. 

The all errors in treatment are, however, indicated 

the following recommendations of the manufacturers 
=~ the cases of failure had been carefully considered by . 
em : 
**In all cases where the bending of the bars cannot be 
completed whilst at a dull red heat, we should suggest that 
it be done at one or more heats according to the amount of 
nding required, so that the work may all be finished 
before the bar becomes black and cold. 
‘* That all joggles should be made when the bars are hot 
and that they should be annealed afterwards.* 
“That so far as is practicable all bars that have been 
worked hot should be ae through the annealing fur- 
nace before they are allowed to go cold, and this could 
be easily done with a furnace properly arranged for the 


a That after the bars have been annealed they should not 
be poate eee Seg but if this is necessary they should 


be annealed again. 
of bars after annealing should, as far 


only dif- 
sot they 


‘** That any setti 

done by hydraulic or other apparatus, so as 

to do away with the necessity of punishing the material 

with heavy hammers more t is absolutel aceneer 

and that this work be done by the smiths who bend the 
rs ” 


as possible, 


I have no reason to complain of the view taken by the 
manufacturers, because we had always been warned by 
them that this additional care was necessary. 

I can only say that so long as it is necessary it is an 
obstacle of a serious kind to the use of steel angles for the 
frames of ships. 

These precautions are of the same nature as those I said 
in my paper of 1874 were in use in France. Substituting 
the word bar for plate, the words I used (a quotation from 
an official memorandum of the engineers at L’Orient) 


ere— 

‘* If it is impossible to work the bars without hammering, 
or without local pressures of great severity, or if the cur- 
vature given is considerable, it is necessary to proceed 
with care and skill to avoid ruptures in the course of the 
ri) ion. The hammering ought to be done with light 
blows delivered over as as large a surface as possible, and 
the curvature ought to be produced not at once but by 
successive stages. After the work has been done the bar 
should be promptly annealed. One ought to avoid as 
much as possible partial or rather local heating. When by 
careful treatment the bar has been brought to its proper 
* Lengthened experience does not confirm this. The 
operation can be performed cold more readily, with better 





hipbuilding | results, and much more cheaply, than hot 


N.B.—Bottom plates may be bent cold by hammers 
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DETAILS AND RESULTS' OF EXPERIMENTS, MADE AT CHATHAM DOCKYARD, DURING THE WINTER 1878-1879, TO ASCERTAIN 


THE EFFECT OF RIVETTING ON VARIOUS KINDS 


OF MILD STEEL, PUNCHED AND COUNTERSUNK THROUGH, BUT NOT 






















































































































































































ANNEALED. 

L242 a THICKNESS OF , SECTIONAL AREA OF PLATE 7 > a $2 
oe g PLATE. Wnts or PLATES. THROUGH RIVETS. RIVETS. BREAKING STRAIN IN TONS. é g 
Sb to =o 
Sse | 3 $a. 
Beeeu) 4 Through Rivets, Per Square Inch of 5.3 
$=535| 24 After ’ Actual £74 
Ses “E| #8 | Normal. |graaking. | Whole. Normal. Reduced. |Diameter.| Nature. |Producing| Mean. 22 
Sepasl oo Normal.| After wrasse, Normal | Reduced Means Es 3 
Ar#eo! 55 Breaking. Area. Area. Patan 

Normal. | Reduced. 
1 695 595 5,123 2.623 2.450 1.824 1.457 53.875 29.54 37 15 55 
O.4,. 54.125 29.7 $7.29 
; 1A* .70 69 5.100 2.600 2.420 1.820 1.452 54.375 29.87 87.44 54 
1 .73 a 5.200 2.700 2.680 1.971 1.902 44.750 22.70 23,52 54 

c. 52.875 } 26.61 30.65 
1A 74 68 5.200 2.700 2 562 1.998 1.614 61.000 J 30.53 37.79 54 
1 74 565 5.187 2.687 2.500 1.989 1412 55,875 28.09 39.57 53 

0.0. } 56.875 } 28.59 41.23 
1A 74 56 5.187 2.687 2.410 1.989 1.349 Sin. 57.875 29.09 42.9 53 
2 645 54 5.125 2.750 2.545 1,774 1.374 9375 58.625 33.04 42.66 54 

O.H.. } 58.500 } 82.75 41.57 
’ 2A 66 56 5 100 2.725 2.575 1.798 1,442 58.375 3246 | 40.48 55 
2 70 .60 5.260 2.876 2.685 2.012 1.611 56,750 28.20 35.22 55 

Oo. a } 56.687 } 28.17 33.77 
2A 7 65 5.250 2.875 2.695 2012 1.751 | 56.625 28.15 32.33 55 
2 66 53 5.187 2.812 2.625 1,856 1.391 2 50.875 27.41 36.57 55 

OU,. = } 50.312 } 27.10 35.02 
2A 655 56 5.187 2.812 2.655 1.842 1.485 J 8 49.750 26.80 33.48 55 
3 61 538 4.625 2.437 2.292 1.486 1.232 7 | 43.875 29.52 35.61 56 

O.#,. s) } 44.375 } 29,86 37.30 
3A 61 565 4.625 2.437 2.282 1.486 1.151 . 44.875 30.20 39.00 56 
(| 3 G1 81 4.593 2.405 2.262 1.467 1.312 3 41.750 2846 | 31,82 56 

C, 3S } 43.250 } 29.77 34,82 
Usa 61 53 4.625 2.43 2.232 1.487 1.183 & 44.750 30.09 | 937.82 56 
3 61 48 4.562 2.374 2.142 1.448 1.028 a4 40.375 27.88 39.27 55 

0.H,. 5 i } 39.562 } 27,32 37.72 
SA 61 49 4.562 2.374 2.187 1.448 1.071 }2 in. t 38.750 26 76 36.18 55 
(| 4 55 47 4.562 2.435 2.295 1.339 1,078 812 3 40.875 30.52 37.91 55 

0.H,. 8 40.187 } 30.00 38.00 
Uo 4a 55 M5 4.562 2.437 2,305 1.340 1.037 8 39.500 29.48 38.09 56 
( 4 55 515 4.626 2.500 2.335 1.375 1,202 2 42.000 30.54 34.94 r 56 

C. 3 42,250 31,01 36.11 
Uo 4a 5A 48 4.625 2.500 2.375 1.350 1.140 3 42.500 31.48 37.28 J 58 
( 4 56 42 4.562 2.437 2.305 1,365 -968 4 35.000 25.64 36.15 58 

OH,. | 4 35.187 } 26.19 86.57 
Uo 4a 55 43 4.530 2.405 2.225 1.323 956 & 35.375 26.74 37.00 55 
(| 3 AT Al 4 250 2.312 2.132 1,087 874 32.000 29.44 37.75 56 

O.T!,. I } 32.875 } 30.24 39,18 
Uso6a 47 39 4.250 2.312 2132 1.087 831 2 33.750 31.05 40.61 55 
5 ATS 40 4.187 2.250 2.112 1,069 845 “4 32.875 30.75 38,90 55 

0. £ } 33.812 } 31.46 41,30 
5A A8 38 4.187 2.250 2.092 1.080 .795 4 34.750 $2.18 43.71 58 
i 5 48 406 4.187 2.250 2.062 1,080 837 A) 30,000 27.77 35,84 58 

O.H,. 4 S } 30.250 } 28.00 87.39 
(] 5A 48 38 4.187 2.250 2 062 1.080 .783 $in. 3 30.500 28.24 38.95 55 
(| & 36 -30 4.230 2.417 2.218 870 665 75 F 27.875 32.04 41.91 55 

0.H,. b } 26.875 } 31.31 38.62 
Usa .35 32 4.230 2.417 2.287 846 732 25 875 30.58 35.34 55 
(|; 6 38 81 4.187 2.375 2.247 .902 696 sg 27.875 30.90 40.05 55 

C. P z } 28.312 } 31.38 43.09 
{] 6A 38 285 4.187 2.375 2.187 902 623 ro) 28.750 81,87 46.14 55 
6 38 .29 4,187 2.375 2.227 902 645 25.000 27.71 38.76 55 

Oo.) } 25,250 } 27.99 38.87 
6A 38 -295 4.187 2.375 2217 .902 654 25.500 28.28 38.99 55 
7 24 .20 3.500 2,000 1.900 .480 380 16.000 33.33 42.10 56 

O0.H,. { } 16,000 } 33.33 45.81 
. 7A 24 17 3.500 2.000 1.900 .480 323 16.000 33.33 49.53 55 
7 24 195 3.520 2.020 1.875 485 365 sin 16.875 33.76 44.86 55 

c. > des } 16,250 } 33.50 47.39 
7A 24 17 3.520 2.020 1.900 485 823 ; 16.125 33.24 49.92 55 
( 24 201 3.500 2.000 1.875 .480 376 14.750 30.73 39.23 55 

OM,. 4 | } 14.812 } 30.85 40.89 
(] za | 24 19 3.500 2,000 1.850 480 .351 14.875 30.98 42.37 55 
Fig. 2. Comparison of wee Square Inch for the various 

‘weer P an akes of Steel 
oo}0o 0 O “og pane Maximum Minimum | Average of all 
-9-—-— en oe ST : Strain obtained, |Strain obtained,| the Tests. 
* A signif 8 ogo o 0 <n) 
A signifies across. o nr ~ | 0.H}. 33,33" 29.44 31.027 
ee ———— ©. 33.76 22.70 30.27 
. 0.8. 80.98 25.64 28.00 


oe 


Sketch showing the effect of the strain and the mode of rupture. The tests all ultimately 
broke across the hinder row of rivets (C D). 


form, the annealing process should be immediately resorted 
to, and the heat should be applied very gradually, fora 
sudden augmentation of temperature in a point where 
the molecular tensions are already exaggerated might 
cause a rupture. When the bar has been regularly heated 
to a sufficient temperature, and is left to cool slowly, the 
bad effects of the local disturbances will be destroyed and 
homogeneity will be re-established.”’ 

Steel-makers on that occasion could not believe that such 
precautions were necessary, but they are repeated now on 
the best authority in England in 1879. 

Do not lot it be supposed that I allege any inferiority in 
the angle bars supplied either to those in use in France or 
to the standard of our own tests. Iorly say that so long 
as these characteristics of steel bars remain, we shall 
probably prefer iron. I would submit also to your con- 
sideration another uliarity in these angle bars which 
distinguishes them from iron, ¢.¢., when the end of a bar 
is cut off roughly and is left ragged, the leaves break off 
suddenly if struck heavily, whereas the other end of the 
same bar trimmed off evenly will bear heavy sledging 
withoutrapture. The one end behaves far better than 
common iron would, the other far worse. Is this disagree- 
able peculiarity unavoidable ? 

I have already stated that we have great reason for satis- 
faction in the matter of plates. Allow me to summarise 
our most recent experience. Stating the results broadly, 
we find that : 

1. Iron suffers more in punching when the holes are near 





the edge than when they are further removed ; but in mild 
steel the material suffers less from the effect of quniiies 
when there is one diameter of the rivet clear of the edge, than 
when the hole is so distant as to avoid bulging the edge. 

In the former case, i.e., when there is about one dia- 
meter of hole clear of the edge, the loss of strength caused 
by punching Landore-Siemens steel plates from } in. to 
} in. thick, is about 12} per cent. of the strength of the 
unpunched test-piece. In thicker = % in. to } in., 
similarly treated, both Siemens and Bessemer plates lost 
between 6 and 16 per cent. f 

When the distance of the hole from the edge was increased 
in plates above } in. thick, thus 

F ig. 1, 
Xx 














(Holes punched before shaping.) 


the loss on “‘ open hearth” plates was from 9 to 19 per 
cent., and on plates made in the converter from 11 to 30 

r cent. Best-best iron treated similarly lost, when the 
ies were one diameter from the edge, from 15 to 20 per 
cent., averaging about 17 per cent. of the full strength of 
the unpunched test-piece. 














When the shaping of the iron samples was done after the 
unching, the loss fell to an average of 11 per cent., varying 
tween 5 and 15 per cent. 
The average results for plates above 4 in. in thickness 
punched and unannealed after punching stand as follows : 
The pitch of the holes was in all the cases I record in this 
papera minimum for ship work, as shown above. 





| Breaking Strengths per Square Inch. 
| 


























} | 
. 2s |g [ae aR 
z ee ge BE Ee 
8 |#8/ “siz. ie 
rn 5 <| < a8 ag. 
a Ig 
Pelge| 22 e85 882 
wb) Ge | 28 |gteeds 
$233 / 85 256.8 
fa | fa | fa Bom om 
Open hearth steel ...| 27.6 23.7 | 24.5 | 26.0 | 21.0 
Converter ee| 27.5 | 21.7 | 248 | 260 | 21.0 
Best-best iron | 21.5 | 19.0 | 17.7 | 21.0 | 15.0 





It will be seen that there is not a marked difference here 
between the “open hearth’’ and “converter” makes of 
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steel. Inrespect of the injury done by punching, asin the 
endurance of all the prescribed tests, including severe 
percussive tests, the metals made by the two processes do 
not differ much, and if the drillis used, or if the plates are 
annealed after punching, it would be impossible, I think, 
to establish a marked superiority of one make over the 
other. But there is a remarkable difference in the be- 
haviour of the two descriptions of steel when rivetting has 
been done upon plates which have been punched and not 
subsequently annealed. The following are examples of 
plates above 4 in. thick, butt jointed, and treble rivetted : 








ad —_ hearth”’ steel we are now getting, to bear punching 
without severe loss that its recent successes are mainly due. 

We may now confidently say that well-made steel 
punched and countersunk through and unnanealed has 
50 per cent. more strength through a line of rivet holes 
than iron has. 





Tons per Square Inch. 





** Open Hearth.” |‘Converter.”” 














Breaking Strength in ————_—_—_—_——— 
Tons per Square Inch. No. 1. | No. 2. 
Average ... eve ...| 31.027 | 28.0 30.27 
Annealed | Unannealed | Percentage of the maxi- 
before before mum above average ...| 7.284 | 10.64 11.56 
Rivetting.| Rivetting. | Percentage of the mini- 
ieaiinaaaiin mum below average 5.11 8.43 25.0 
Coun (eraat (Open hearth steel] 30.8 29.84 
points (not ) Converter —..| 30.2 21.8 ea . 
countersunk Best. beet icon 19.9 In the matter of oxidation in salt water, we have foun 
through) ig = F by a series of trials, extending over about three and a half 
Open hearth stee 28.6 21.2 years, that the rates of oxidation of three plates of iron of 
Snap points { converter ie 26.9 15.25 the same brand differed more among themselves than they 
Best-best iron .. ah 18.3 differed from steel. That when the surfaces of steel plates 
are carefully freed from the black oxide produced in the 





The countersinking in these cases is carried nearly but 
not quite through the plate, so that a small part of the 
material damaged by the punch is left in the hole. 

In the steel made by the ‘‘ open hearth’’ process the loss 

of strength as compared with the annealed plates is in- 
appreciable. The result, 29.84 tons, is a mean of six 
tests. 
But in the steel made in the ‘“‘converter’’ the loss is 
serious, the mean of four very carefully made tests being 
21.8 tons; the mean of eight tests, some of them not being 
entirely satisfactory, gives a lower result still. 

In the ‘‘ open hearth’’ steel with the holes countersunk 
in this manner, the superiority in the normal strength of 
the material, as compared with iron, is more than main- 
tained in the rivetted butt joint. 





Strength in Tons per 
Square Inch. 











| 

* Treble 

Pe me Rivetted 

PS- | Butt Joint. 
Steel hes ans oft ‘a 27.6 29.8 
Best-best iron... aie =e 21.5 19.9 
Ratio of steel to iron 1.28.1 1.49.1 





When the countersinking is carried completely through, 
the ‘‘converter’”’ made steel recovers the lost ground, as 
will be shown farther on. 

The superiority of the rivetted strips is apparently due 
to the friction of the surfaces. The friction was also 
operating in the case of the iron and reducing the loss by 
punching. ‘ 

In order to place them on an equality and avoid all 
injury by punching, we have issued the following instruc- 
tions as to the use of mild steel made by either process. 

In outer bottom plating, the holes which are to be 
countersunk should be punched about 4 in. less in diameter 
than the rivets which are used, the enlargement of the 
holes being made in the countersinking, which should 1m all 
cases be carried through the whole thickness of the plates. 

It is not necessary to anneal io or bars after punch- 
ing as a means of making good damage done in punching. 
All butt-straps to plating which forms an important 
feature in the general structural strength, such as the 
outer bottom plating, deck plating, deck stringers, &c., 
should have the holes drilled or be annealed after the holes 
are punched. 

Snap rivetting is only to be employed for the internal 
work on transverse bulkheads, floors, framing, and other 
subordinate parts of the structure ; but on stringers, deck 
plating, and other parts subjected to considerable tensile 
strain, countersunk rivetting is to be used, and the holes 
treated similarly to those in the outside plating. 

Acting on these principles, we are quite satisfied that 
steel bottom plating for ships needs neither drilling nor 
annealing after punching. 

I attach copies of the last set of tests made at Chatham. 
Abstracting from them, I find that on comparing plates 
treated and rivetted up in the same manner, the steel made 
by the “‘open hearth’’ process still manifests a certain 
appreciable superiority to that made by the ‘‘ converter.” 
There is in the latter process more variation of strength to 
resist rupture across the line of rivet holes. 

The average breaking strain per square inch of the 
material through the line of fracture at the rivet holes, 
:@koning the area of the section before it began to stretch, 
is as given below. With it I have compared the lowest 
and highest of the breaking strains of the same make of 
materia] in the set of tests. 

The specimens are preserved at Chatham, and could be 
seen with the poptesion of the admiral-superintendent by 
any member of this Institution. 

It is possible that boiler-makers may not at first sight 
appreciate the advantage of avoiding the drill in the bottom 
plating of ships, but a little reflection will satisfy them, 
I think, that so long as steel needed either the drill or the 
annealing furnace before it could be worked into the 
bottom of a ship, it was not likely to displace iron in ship- 


yards. 
It is to the power of the mild steel, and particularly the 














rolls by a wash of weak acid or otherwise, the surface cor- 
rosion in salt water is very uniform. 

That when the surface oxide is left on, the effect of the 
oxide upon the neighbouring bared metal is as strong and 
continuous as copper would be. 

In conclusion, I would invite your most serious atten- 
tion to the necessity for giving us uniformly sound steel in 
large masses to replace our iron forgings at a price not 
much above that of forgings. 

England is in danger of losing the lead in this matter. 
We are at this moment undoubtedly behind France in 
some respects in the production of such steel by modern 

rocesses. Crucible steel is out of the question for the 

ulk of the work in naval construction. We must look 
to the converter and to the regenerative furnace for this 
material. Ifyou can produce it without forging, as I hope 
you may, we may then build our entire ship and engines 
of steel. : 

Tests for Plate, Beam, Angle, Bulb, and Bar Steel, 
used in building Ships for Her Majesty’s Navy.—Strips 
cut lengthwise or crosswise to have an ultimate tensile 
strength of not less than 26, and not exceeding 30 tons per 
square inch of section, with an elongation of 20 per cent. 
ina length of 8in. The beam, angle, bulb, and bar steel 
to stand such forge tests, both hot and cold, as may be 
sufficient in the opinion of the receiving officer to prove 
soundness of material and fitness for the service. 

Strips cut crosswise or lengthwise 1}in. wide, heated 
uniformly to a low cherry red, and cooled in water of 
82 deg. Fahr., must stand bending in a press to a curve of 
which the inner radius is one and a half times the thickness 
of the steel tested. 

The strips are all to be cut in a planing machine, and to 
have the pte edges taken off. 

The ductility of every plate, beam, angle, &c., is to be 
ascertained by the application of one or both of these tests 
to the shearings, or by bending them cold by the hammer. 
All steel to be free from lamination and injurious surface 
defects. 








NOTES FROM THE NORTH. 
Guiascow, Wednesday. 
Glasgow Pig-Iron Market.—The warrant market was 
dull last Thursday, and prices declined to the extent of 
3d. per ton. Business was done during the forenoon at 
43s. 3d. cash, and the market closed with buyers at 43s. 1}d. 
cash and 43s. 3d. one month, sellers asking 14d. per ton 
more. In the afternoon 43s. lid. was the price paid, and 
at the close there were sellers at 43s. cash and 43s. 3d. one 
month, and buyers offering 1d. less. Friday’s market was 
quiet, and prices had a further decline, closing 3d. per ton 
under those of the previous day’s close, and fully 8d. under 
the closing prices on the previous Friday. There were 
transactions during the forenoon at 42s. 10}d. to 42s. 10d. 
cash, and at 43s. one month; and in the afternoon the 
same prices ruled. The closing quotations were—buyers, 
42s. 10d. cash, and 43s. one month, sellers asking 1d. more. 
Monday’s market opened firmer, and at an advance of 3d. 
per ton, two-thirds of which, however, were subsequently 
lost. Iron changed hands during the forenoon at from 
43s. 14d. to 43s. cash, and from 43s. 3d. to 43s. 14d. one 
month, the market closing with sellers at 43s. cash and 
43s. 2d. one month, and buyers near. In the afternoon 
from 43s. to 42s. 11d cash, and from 43s. 2d. to 43s. 14d. 
one month were paid, and at the close there were sellers 
asking 43s. and 43s. 2d. cash and one month respectively, 
and buyers offering 1d. per ton less. Dulness was the rule 
in yesterday’s market, and prices declined 1d. per ton. 
Business was done during the forenoon at 423. 104d. cash 
and 43s. one month, which were the closing prices. In the 
afternoon 42s. 10d. cash and 43s. one month were accepted, 
the market closing with sellers at those prices, and buyers 
offering 1d. per ton less. The market was rather firmer 
this forenoon, when business was done at 42s. 10}d. prompt 
to 43s. cash next week, also at 43s. to 43s. 14d. one month, 
the market closing with sellers at 43s. cash and 43s. 2d. 
one month, buyers 4d. per ton less. There was a steady 
market in the afternoon, and buyers were offering 43s. and 
43s. 2d. cash and one month respectively, and sellers hold- 
ing out for 1d. per ton higher. The demand during the 
past week has been rather quieter for most brands, but 
makers’ prices remain unchanged, with the exception of 
Coltness No. 1, which has been in demand for Germany, 





G.M.B. iron there has been a little more inquiry, as it is 
wanted to make up for the short supplies of Mid esbrough 
pig-iron ; but now that there is a prospect of an n- 
settlement of the miners’ strike in Gounty Durham it is 
probable that that extra demand will fall off. One con- 
sequence of that demand is that there has been a falling off 
in the storing business. Up till last Friday night the stock 
of pig iron with Messrs. Connal and Co. in the public 
warrant stores amounted to 257,037 tons, showing an 
a for a ae dl — —_ Last bees de shipments 
of pig iron from 0 aggre 13,135 tons, 
as compared with 9348 tons fh the caspian week of 
last year. One blast furnace having been relit at Calder 
Iron Works, the number of furnaces now in actual opera- 
tion is set down at 87 as against 95 at the same date last 
year. 


Royal Scottish Society of Arts.—At a meeting of this 
Society on Monday night, Mr. Walter Hardie ie a com- 
munication on ‘‘ Bell’s Telephone, a Telephonic Call Signal, 
and an Improvement in the Reflecting Galvanometer.’’ 
The call signal was a development of Dr. Rontgen’s}in- 
vention, in which the signal is given by the sounding of a 
tuning-fork by means of a violin bow. Dr. James A. 
Russell next made a communication on ‘‘Some Recent 
‘Sanitary Inventions,” the most important of which was 
the pneumatic sewe system invented by Mr. Isaac 
Shone, mayor of Wrexham. 


Edinburgh and Leith Engineers’ Society.—A meeting 
of this society was held last night, Mr. Robert C. Reid, 

resident, in the chair. A paper was read by Mr. T. 

uchan Sydserff on ‘‘ Screw Propellers.’’ A paper was 
ne read by Mr. Romilly Allen on ‘‘ Amsler’s Polar Plani- 
meter.” 


Leith Dock Works.—The Leith Dock Commissioners hayv® 
just agreed to take the necessary steps for the construction 
of a new dry dock in the Albert Dock. It will be 300 ft. 
long, and is estimated to cost 22,0001. According to the 
report of the engineers, the dock works generally are ad- 
vancing rapidly. The sum already paid to the contractors 
amounts to 213,0002. 


The tang teed Hours System.—Within the last week 
or two the length of the week’s work in the engineering 
trades has been extended from 51 to 54 in a number of 
towns in Scotland, including Dundee, Kirkcaldy, John- 
stone, Barrhead, &. The system existing in Scotland 
prior to 1872 has now again become almost universal. 
‘There are some ironworking establishments in the Falkirk 
district that are actually back to the 57 hours system of 
weekly work. 





NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday. 

The Antagonistic Action of the Colliers.—The great 
topic of conversation in local commercial circles is the pro- 
position of the miners to lay idle the whole of the pits in 
the United Kingdom for several weeks. Though the pro- 
posal cannot be fully carried out, if desired, it shows 
the spirit which animates the unions, and what might be 
expected had they funds. An interview with the leaders 
of the movement who assembled at Barnsley this week led 
to the following explanation on their part: ‘It is not 
foreign competition that we are called upon to deal with 
it is the rivalry between the masters themselves, and amongst 
the contending parties the collier is brought to a lower 
level in the matter of wages than has been the case in the 
history of coal mining. There are heavy stocks of coal, 
and if these could be cleared out, and the consumers made 
dependent on us, and not on the masters, we might im- 
prove our position. Many of the employers would co- 
operate with us in this movement if they dare. Why, this 
week a colliery master offered to take a contract for best 
silkstone coal at 5s. 10d., and a dealer cut him out at 
5s. 7d. ; what would the coal proprietors get who supplied 
the coalf’’ The men evidently consider that the middle 
men and agents are their great antagonists, and their aim 
principally is to deal with them. However, in this district 
only one-third of the coal getters are in the union, and 
the remaining two-thirds would be able to supply re- 
quirements. Any cessation from mining work, as at present 
existing, would be attended with enormous losses 
to both sides. The following resolution was adopted : 
‘* That in the opinion of this conference the time has now 
come when the whole of the mining committees of Great 
Britain should take united action to try and prevent the 
recurrence of reductions ; we therefore ask in each district 
for an advance in our wages of 10 per cent., and if the 
employers will not grant us this, a general stoppage to take 

lace throughout the country, so that we try our utmost to 
| arsed about a shortening or equalisation of the hours of 
labour, so as to bring supply equal to demand; further, 
that another conference be called this day five weeks in 
order to decide on what date the advance of 10 per cent. 
in wages should be given in each district, such conference 
to have full powers to decide such question ; further, in the 
interim mass meetings be held in each district to lay these 
matters before the men, so that each district send dele- 
gates to the next conference nm ped to deal with those 
questions.’ It was then resolved that the next conference 
assemble at Birmingham on the 17th of June. 

Swinton and i most important 
connexion between the Midland and North-Eastern systems 
is expected to be opened the first week in June. Colonel 
Hutchinson, the Government surveyor, has paid a visit to 
the line, and he was accompanied by a sag number of the 
officials of the two companies. He minutely inspected the 
whole of the bridges, culverts, and signa’ apparatus, 
the bridges being subjected to a test of about 3U0 tons 
bearing power by means of four powerful en and 
tenders. The report will be submitted to the of 





and has again been advanced in price 1s. per ton. For 


Trade, and it is expected that it will be a satisfactory one. 
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HORIZONTAL COMPOUND ENGINE. 
CONSTRUCTED BY MESSRS. SIMPSON AND COMPANY, ENGINEERS, LONDON. 
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We give this week a two-page engraving, together 
with an end elevation on the present page, of a horizontal 
compound mill engine designed and manufactured by the 
well-known firm of Messrs. Simpson and Co., of Pimlico, 
London, This engine is the secondjmade by Messrs. 
Simpson and Co. for Messrs. James Gibbs and Co., the 
celebrated chemical manufacturers of Mark-lane, Lon- 
don, and it is for their Plymouth works, the first engine 
~——which was for their works at Victoria Docks—having 
given much satisfaction and been found very economical 
in working. 

The engine we now illustrate has cylinders 19} in. and 
30 in. in diameter respectively, the stroke being in each 
case 4 ft., and the relative capacities of the cylinders 
being thus 1 : 2.37. As will be seen from our engravings 
the feed and circulating pump is driven by a prolonga- 
tion of the high-pressure piston rod, and the air pump 
by a similar extension of the low-pressure piston rod, 
The connecting rods are coupled to cranks at right angles, 
the eduction pipe leading from the high to the low- 
pressure cylinder being of sufficient capacity to form 
the necessary intermediate receiver. The engine was 
designed especially with a view to simplicity, having no 
complications of any kind, and as the work which will 
have to be done by it is very uniform, an ordinary governor 
and throttle valve is used in place of an automatic 
cut-off. The cut-off is variable, but the power of altering 
itis taken out of the engine-driver’s hands, as to vary 
it the slide-chest doors must be taken off for the expan- 
sion-valve plates to be shifted. Both cylinders are fitted 
with cut-off slides, and there being double valves, one at 
each end of the cylinder, the "clearance spaces are very 
small. In the case of the high-pressure cylinder the 
capacity of the ports and cylinder clearance is but one 
twenty-eighth of the volume swept through by the piston 
at each stroke. The cylinders are each jacketted with 
boiler steam, and the double eduction passages prevent 
any large amount of surface of the low-pressure jacket 
being ex to the cooling action of the exhaust. The 
jackets, it will be noticed, are cast in one piece with their 
respective cylinders, no loose liners being used. The 
engine is fixed at a higher level than the boilers so that 
the condensed water from the jacksts can drain back by 
gravity into the boilers, and so a perfect circulation can 
be kept up, This is always an important point, as 
enginemen are so apt to either let the jackets get choked 
with water, which renders them worse than useless, or 
let a quantity of steam blow through to waste. The 
pistons have o broad cast-iron rings set up with 
8 and their weight is taken off the bottom of the 
cylinders by the piston rods being cambered to an extent 
equal to the deflection of the rods when carrying the 
weight of the pistons, thus making the rods perfectly 
straight when loaded. The piston rods, valve rods, and 
crankpin are of Landore Siemens steel, and to insure the 


pins ye ye true the holes for them in the cranks 
were out cranks were shrunk on the 
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shafts, a practice which Messrs. Simpson regularly 
adopt, it having been found that shrinking the cranks 
on to the shafts with the holes for the pins finished to 
size, has always a tendency to throw the pins out of 
line. 

The condensers, which are of Cochrane’s evaporative 
surface type, are eight in number, and are placed in the 
epen air; they are each formed of two cast-iron cylin- 
ders, one inside the other, of the diameters 3 ft, 4} in. 
and 3 ft. 84 in. respectively by 12 ft. 6 in. long, the total 
surface exposed by the eight condensers being thus 2200 
square feet. The circulating water is pumped to the top 
of the condensers and allowed to trickle down the out- 
sides and.insides of the cylinders, while the exhaust 
steam is discharged into the annular space between the 
latter. This arrangement is one which produces a very 
good vacuum, and is very economical as regards the con- 
sumption of condensing water, which in this instance is 
a matter of the greatest importance ; and we much wonder 
that in London and other parts, where water for con- 
densing purposes is expensive, this arrangement is not 
more often adopted by those who have at present only 
non-condensing engines or even ordinary jet condensers. 
The circulating and feed pump are combined in one 
barrel, the delivery of the circulating pump being equal 
to the full diameter of the barrel by the length of stroke, 
while the feed pump is reduced by the size of the rod. 
The diameter of the circulating pump barrel is 3} in, 
The air pump is single-acting, with a plunger 10 in. in 
diameter, the valves being arranged so that they are very 
readily accessible, while arrangements are made whereby 
if the condensers were out of order the exhaust steam 
could pass direct to the air pump through a large pipe of’ 
sufficient capacity to form a condenser, 

As will be seen from our engravings the crankshaft 
carries in addition to the flywheel a large spur wheel 
from which the power is taken off. The whole engine is 
well designed and finished, and all the small details, 
which not unfrequently do not receive the attention they 
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deserve, are carefully thought out. The bearing sur- 
faces are amply large, and all parts are well propor- 
tioned. 

The speed at which the engine works is 50 revolutions 
per minute, the piston speed being thus 400 ft. per 
minute, and owing to the cranks being set at right 
angles, and the weight of the reciprocating parts being 
carefully adjusted, the tangential pressures on the crank- 
pins, and consequently the uniformity of the turning 
forces, are remarkably equal throughout the stroke. The 
boiler pressure is 60 1b. per square inch. At present the 
engine is working with but a small load only, the machi- 
nery which it is to drive having as yet only been partly 
erected; but it is anticipated that when in full work the 
engine will not use over 2 lb. of coal per indicated horse 
power per hour, which is about the consumption with 
the previous engine made by Messrs. Simpson for Messrs. 
Gibbs’ works at Victoria Docks, London. 
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METROPOLITAN WATER Supriy.—A deputation of 
members of various metropolitan vestries, hi by Mr. 
Watherston, of St. Martin’s, waited last week upon Mr. 
Cross at the Home Office to urge their views in respect to 
the —— water supply. Sir Charles Russell stated 
that the object of the deputation was to call the attention 
of the Home Secretary to the complaints which they had 
to make against the powers at present possessed by the 
water companies in assessing the rates on the annual value 
of a. It was thought that the consolidation of the 
eight companies now affording the metropolitan supply 
would conduce to greater — “4 facility, and less 
waste, although it was admi to abundant. The 
matter had already been several times before Parliament, 
and the subject had been under the consideration of a 
Royal Commission. It appeared that the Metropolitan 
Board of Works was unable to cope with the difficulty, and 
therefore the ratepayers had no resource left but that ef 
appeal to the Government. Mr. Cross’s reply, eminently 
significant, was to the following effect : ‘‘ When the Metro- 
politan Bills were before the House of Commons last year, 
the first point taken was this: Parliament has granted 
certain’ powers to certain companies who have laid out 
vast sums of money on the faith of those Parliamentary 
powers ; and Parliament has never interfered in such cases, 
except by an es Bill to carry out arrangements 
which have been made. ‘Therefore, when you say the 
capital of the companies is so much, you can borrow the 
money cheaper, of course you will have to take into con- 


sideration what terms companies themselves are 
willing to come to. That is the preliminary way of dealing 


= a —- of 5, a b — — the 
etropolitan enoug’ wat 1 

ills, vndiiedes that at the adjourned audit held fis 
week at the offices of the Board in S Gardens, the 
auditor gave his decision on the appeal of certain ratepayers 
against the expenses incurred by the Board in promoting 
the Water Supply and Water Works Purchase Bills of 
last session, amounting in all to about 16,0001. Will this 
amount, therefore, come out of the pockets of the members 
of the Board? Vevictis! 
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SAFETY LAMPS. 
On the Construction and Comparative Merits of the 
Safety Lamps generally in use.* 
By Mr. Auan C. Baaor, of London. 
THE writer proposes to divide this important subject into 


within the lamp ; the gauze then begins to 
the becomes ignited outside the lamp. 
that the flame begins to mount in the lamp, it 
i by drawing down the wick 
still continues to burn in the 
iton the ground, in the hope 
firedamp not reaching so low down in the airway. 


should be promptly 
with the pricker. If the 
the only way is to p 


viz. : 
iption of the forms of safety lamp now gene- 
in use in England. 

The essential qualifications of a good safety lamp. 
III. An account of some recent experiments to determine 
the stability of safety lamps of various approved construc- 
tions, in atmospheres of firedamp travelling at different 


ituting a short fee glass cylinder round 
wire gauze; the glass is sur- 
mounted by a gauze chimney and cap similar to those of 
theDavy lamp. Here again the only entrance for the air 
h the wire gauze chimney, from the bottom of 
e air has to pass downwards to the flame within 
he glass cylinder below ; it thus has to meet the ascending 
ucts of combustion from the flame, no provision bein; 
made for preventing the two currents from interfering wit’ 
she near eee nae 
e y lamp thus possesses e e Davy, 
to which is added the risk of ha 
cylinder round the flame, instead 


as delicate as the 
access for the air to the flame. 

he Stephenson Lam 
known as the “‘ Geordie,” is a step in the 
as regards the true principles of safety for miners’ lamps. 
It is made with a tall glass chimney surmounted by a cap 


the wick, in place of 


es. 
Tt must be premised that throughout this paper the term 
exploded signifies that the cooling effect of the gauze of the 
lamp on the body of gas burning within the combustion 
chimney was insufficient to prevent the flame from passing 
the gauze, and communicating with the external atmosphere 
of firedamp in which the lamp was immersed. 

I. Description of the Forms 
rally in use in England.—The 
sent in the coal mines of this country are the Davy, 
Stephenson, Clanny, and Mueseler lamps. A few collieries 
use lamps bearing a different name; but after a careful 
examination the writer has failed to discover anything so 
superior in their principle or construction as to warrant 
their adoption where the Mueseler lamp was already 


Safety Lamp now gene- 


i @ single glass 
ps chiefly used at pre- wae cay i > 


of gauze ; if the g 
es. As a testing la 
vy, in consequence of 
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I m, of the Cannock and 
ugel , after much patient investigation of the 
principles that red tn lamp. It has used at 
those collieries since October, 1877. The air necessary for 


combustion is admitted, as in the Stephenson lamp, through 
a number of small holes in the underside of the flange at 
the base of the lamp. These holes are protected on the 
inside with wire gauze; and by covering them with the 
hand the flame may be choked out. The thick glars cy- 

er i the flame is surmounted by a gauze 
chimney, inside which is fixed a second glass chimney, ex- 
tending down within the thick glass cylinder to the bottom 
of the lam ; ® perforated copper cap, like that in the 
Stephenson la: are ee ee ee 


By this ingenious t a constant supply of 
kept up, and admitted direct to the flame; and the lamp 
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of tin, copper, or brass, perforated with a number of small 
holes, through which the products of combustion escape ; 
while the air necessary for support 
mitted close to the flame of the wick t 
smaller holes in the underside of the brass ring at the base 
of the glass chimney, thus keeping up a free circulation of 
In the modern construction of this 
lass chimney is protected 
y fitting wire gauze case, 

which extends over the cap at the top ; it is thus in reali 
a Stephenson lamp within a Davy casing. i 
also carried down through the bottom ring, so that the air 
entering through the holes in the 
through the gauze before reaching 
This lamp is safer than either the Clan: 
since the gauze is kept cool 
event of gas firing within the 


The Davy Lamp (Fig. 1).—The construction of this lamp 
The oil vessel carryi 
bottom of the lamp is simply surmoun’ 
with a wire gauze diaph 
top, so that the flame of the burning wick is isolated from 
the external atmosphere, and the flame of any gas firi 

within the chimney becomes sufficiently 
contact with the wire gauze to prevent it from passing out- 
wards te the external air. The top of the 
which being over the flame is more liable to overheating, is 
external cap of wire gauze, 
wn the sides of the chimney. 
The external air enters the lamp freely through the lower 
part of the wire gauze chimney, no separate special entrance 
in the bottom of the lamp being provided; and the whole 
upper portion of the chimne 
escape of the products of com 
Hence this lamp is never self-extinguishing in an atmo- 


is totally inadequate 
its low stability, or 


combustion is ad- 
ugh a number of 


air round the flame. 
shown in Fig. 3, the 
g enclosed within a 


covered by a closely fitt 

which also extends 1} in. A : “er 

my bys to pass in addition 
the flame 


ati oe one 1th apts t the gauze 

ion t i ; bu’ a 
aie “4 va oe cleaning, on phon 3 of the saaller deol 
ed being closer than that used 
stand a velocity of from 8 ft. 


losive atmosphere ; and on in- 
‘osp inguished 


the holes, the mesh emplo: 
for the Davy lamp. 
12 ft. per second in an ‘ 
creasing the velocity still further it becomes 
whereas the Davy and Clanny lamps 
the fact that, when the 
lamp at such a velocity | th 
cannot escape through the limi 8 
cap except under a considerable |pressure, these literall 
smother or choke the lamp, and so extinguish the flame. 
As a testing lamp the Geordie is fairly delicate, sufficiently 


L ig. 4).—'This lamp is the invention 
pan i, A Vm tet > 6 mig 


It is extensively employed in the North of + 
Belgium, and is the type of lam L 
Government. It has a very thick glass cy’ 
ing the flame, surmounted by a slightly ta 
compen, is ioe il haped +4 I, bottom immediatel. 
copper ing a bell-s mouth a m imm| ly 
: e foo, is fixed within the th 
ular space between the two 


peered through the 
passes d 
interior of the glass cham’ 


bustion pass up through the inner 
ment prevents the two currents 


sphere of firedamp. 

The light yielded by the Davy 
to the ae a a a ; an 5 ; 
margin 0} ety, when e: to a blower of gas, renders 
it only comparatively safe. Its light is about equal to one- 
third of a paraffine candle, and it. explodes under, velocities 
g from 5 ft. to 9 ft. per second. 
f the gauze is 28 wires per lineal inch, or 784 aper- 
It is a delicate testi 


lode. This is due to 
losive air enters the bottom of the 
ucts of combustion 
area of the holes in the 
tures per square inch. 
one that is very generally used in Durham 

trier,”’ a man appointed to examine the mine 


within 10 ft. or 20 ft. from the 
flicker ; and frequently the flame wi 
gauze, and so cause an explosion if in an explosive atmo- 
This peculiar and important feature has been 
fully demonstrated by Mr. Galloway : and in firing shots 
would always be well to withdraw all lamps to a certain 
prescribed distance, which can o 
perment. The behaviour of the 
sphere of firedamp should 


uced by firing a shot 
causes the flame to 
**jump’”’ through the 


be determined by ex- 
vy lamp in an atmo- 
be carefully noticed. First of 
y becomes attenuated, and extremely 
then a bluish halo or cap appears on the 
i hen the whole lamp becomes filled with 
a luminous blue vapour, which is in reality the gas burning 


* Paper read before the Institution of Mechanical Engi- 


yellow at the top ; 
top of the flame ; 











from interfering with each 











ossesses the same self-extinguishin as the: 
tephenson. If the thick glass linder oie a ed, there 
is no danger of the lamp péing, 0a tte safety is still 
secured by the inner fom chimney. 

As a testing lamp this is the most delicate the writer bas 
ever seen or tried, being far ior to the Davy. For 
the peeee of trying the lamp in this respect, the writer: 
employed an ae wooden box, 2ft. high and 
8 in. square, filled with an explosive mixture of coal gas 
and air; there was a glass window in one side, and an 
aperture in the top of } in. in diameter. After the box had 
been left standing for ten minutes, during which time the 
"ae Mae Bee top See SS ve See aves 

ttom upwards, and the lamp p’ within it. The flame 
nenemage ase oy to alter its shape, and mount within th 
lamp ; showing the extreme sensitiveness of this lamp in 
detecting the presence of gas in the smallest quantities. 

The light yielded is extremely good ; and if gas becomes 
tse , it may be choked out by sucking with 
the mouth at the Leles. No other P possesses 
this invaluable . The writer has seen men snatch 
up eg filled with gas burning inside the gauze, and 
lower the wick, and smother out the flame with a coat. 
The difficulty of choking out a lamp he considers gives 
rise to one of the risks that men are in- 
fiery seams; and the provision made in the Williamson 
lamp in this particular is a step of no inconsiderable magni- 

it. Queliteotes - 5 = Safety ».—Th 

cations of a goo anvp.—The sum 
of the writer’s experience FA role to safety lamps and 
their ppg re is the fullowing : 
(a) In an atmosphere of firedamp at too high a velocity 
a we should me extinguished, and should not 

le. 

“t) The lamp should be able to stand a high veloci' 
without ingui , and should yet be a delica‘ 

ing lamp in 8 of the fire-trier. 

(c) body of gas burning ‘within the ze should be 
capable of one en at once mec ly, with- 


out p. 
"The first qualification, that the lamp should not exp 


lode 
in an atmosphere of gas by oth: cn Heong onto: is of 
the stsest fapestenne. Tn the vy lamp, and all 
ocnstvasted on the onthe Seas Se ee 
<a h velocity renders , in the writer’s opinion, 
quite ble for con] mines; colliery managers who 
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using fon ust the ae ger apper- | hands it to the miner for use. Now for a really complete | by the authors about three years ago on the effect of basic 
Pefting to thet their x, sr eetloaleh. examination of the lamp the first test should consist in | lining and basic additions in,the eee A oe-mnling Bre 
ces at command were o 


s + the only 
Sid of safety, where 
blowers of gas exist. is a mine which is worked with Davy 
and Clanny lamps becomes filled — gas it is yo 
certainty that some one of the lamps will fire the gas; 
whereas, if the mine is worked with self-extinguishing 
lamps, ieee go out in succession as they become ~ 
in 
Til.—Recent a eriments on the Stability of Safety 
Lamps.—The Table @ particulars of 


Hi 


recent series of riments to the stability of 
the five » with Gifferent velocities of 
firedamp. The of stability in each case should be 
accepted as the i of the lamp’s value as a safety lamp 
for miners. The in nl Mining peoaay. usly carried on by 
the North of England nstitute at Newcastle-on- 
Tyne must now be considered obsolete, as Sopot in 
clude any inves Eee with the eoniar or W 

lamps, both of w to be superior to the 
Davy or Wet The ex ane here — 

were tried h Bat pate at the Cannock and R 


Collieries ; was , and the velocity ot 
the current was pay A by an anemometer, the experi- 
mental apparatus pang sreenen to one of the separation 
doors connected with the blowing fan, so as to obtain the 

required current. It will be seen that the Davy lamp 
saeeell by far the least stable, exploding in all cases within 


a few seconds. The Clanny bore a velocity of 8ft. per 
second without exploding, but exploded at 10 ft. per second 
and higher velocities. The Mueseler was variable in its 
behaviour ; it became extinguished at 8ft., 16 ft., and 25 ft. 
per second, but exploded at 10ft, 20 ft., and 30 ft. 
second, proving that it is not actually safe against explosion. 
The Stephenson and Williamson lene, on the other hand, 
were extinguished at all velocities. 

A few practical remarks may be added in conclusion. 

Considerable attention has been paid of late years to the 

uality of the glass supplied for safety sy s, such as 
Clann *s and Mueseler’ ‘8, and much stress has laid on 
the advan which ‘ “fonghened glass’’ possesses for this 
purpose. The writer therefore feels it right to caution 
colliery managers against placing too much confidence in 
the unbreakable qualities claimed for this glass. The 
writer heated twenty safety-lamp glasses of De la Bastie’s 
toughened glass’ to 100 deg. Fahr , and exposed them to a 
blast of air of a temperature of 40 deg., gradually lowered 
to 32 deg., and at a velocity of 20 ft. to 35 ft. per second, 
until the glasses were cool. Two fell to pieces in annular 
rings. On re-heating the glasses, one cracked and broke in 
four pieces at 84 deg, and three cracked before reaching a 
temperature of 86 deg On allowing the remaining glasses 
to cool gradually in a temperature of 54 deg-, one Sell to 
pieces in the course of the night. Again, the writer sus- 
pended one glass within the gong of a 9-in electric bell, 
and my it to the vibrations for a period of one hour. 
This g fell +e in the course of the night. The 
writer ho also frequent complaint of ordinary tou ~ 
ened glass falling to pieces in his laboratory when it 
been exposed to extreme variation of temperature, or to 
the vibration due to detonation of electric fuses. Looking 
at these results, it is impossible not to come to the coneie- 
sion that toughened glass is quite unfit for safet a S, 
remembering at once the violent concussions p ced by 
shot firing, and the great variations of Fh 
which the — of a safety lamp may be ex by acci- 
it, and so allowing the flame to touch the 

At the r Colliery it is made a special rule 

wn miners when holing are to suspend their lamps by 
driving the pin into the coal, and on no account to place 
them on the ground. 

A very serious risk always attaches more or less to 
safety lamps, viz., the presence of oilon the gauze. The 
Davy lamp is found to be more liable to this ~— any other 
= It oe a ; if —— are - take 

eir gauze home to clean at night, th generally opt a 
method of cleaning which, it must be admitted, ‘ very effi- 
cacions, but most injurious to the substance of gauze, 
viz , to place the lamp on the kitchen fire till . a 
not tos sos bok Nes itation that, 

t esi in ing at every mine 
where the Ryo is adopted ot‘the iners cleaning their 
own senses, p nom ty is daily 

To te danger mode of Mr. Williamson and the 
writer adopted the prvangnntens ot using, at the pit bottom, 
the exhaust steam from hauling engine to heat a =o 
Sen wae wales, in which all the gauzes are placed ; 
three minutes they are taken out quite i 
grease and coal dust. 

Again, the writer may be excused for drawing attention 
to the proper method to be adopted with a lamp when the 

has fired inside mel eo “9 miner » for maeomats 

in holing, on turning " finds 
burning in his lamp; he snatches it up and runs quae eed buneet 
orga leaves it behind him till the gauze is heated — 


and an ion immediately follows. When gas 
seen burning in a lamp like the Davy, “that ia not ealf- 


steaifly, and then to". pl A ey 


the genes a 

put the lamp in the on r pou In Wilteme'e't 8 me 
provision is made for this ; > with the mouth at 
the holes in the bottom, ¢ e is immediately ex- 


, the writer would point out that the examination 
of safety lamps in the cabin 
general what i should be. 


e oil is consumed. The writer has | F 


the wick | Bell, D 


turning a gas jet into the inside of the lamp gauze, and 
then spolying light outside to the gas issuing out through 
the gauze; if tho flame passes through and communicates 
to the ‘inside, and so lights the jet, the gauze is defec- 
tive. The second test should - to immerse the lamp in a 
gas box such as has been , having a glass front, 
and filled with gas; and then to note the behaviour of the 
lamp. If it does not go out, there is some flaw in the 
Pate nee ge ee pe 
of the oil v: x can a 
fall of gas, by closing the ~— hole at top, Stinesal 
the lamp into it ae underneath. If these two tests —- 
made universal mp pigee of the present system, many a de- 
fective lamp would, in the writer’s opinion, be detected, 
which now passes the eye of the lamp cleaner as safe to be 
taken into the mine. 


Experiments on Safety Lamps at the Cannock and 



































Rugeley Collieries, March 1, 1878. 
Velocity} Dura- 

No. of : Lamp Ex- 
Experi-| Lamp Tried. «Bs pei ploded or 
ment. ervent.|. mané. Extinguished. 

a Feet per 

poe dg Seconds. 

1 |Davy ... 20 |Exploded. 

2 jClanny 120 _| No explosion. 

3 Mueseler ie 56 om ~~ 

4 henson ... ait 8 

5 Williamson ... eee 9 Do. 

6 |Davy ... 10 16 |Exploded. 

7 |Clanny so 65 Do. 

8 |Mueseler 14 Do. 

9 henson 1 — “we 

10 | Williamson 1 0. 

11 {Davy ... 16 8 /|Exploded. 

12 |Clanny oan 24 Do. 

13 Mueseler oi san 4 — “a 

14 Stephenson ... eco 1 0. 

15 Williamson .. 1 Do. 

16 |Davy ... 20 10 |Exploded. 

17 |Clanny 9 Do. 

18 Mueseler 1l Do. 

19 |Stephenson 1 oe -wane 

20 Williamson oes 3 0. 

21 |Davy .... 25 5 |Exploded. 

22 | Clanny a ae 61 _ Do. 

23 | Mueseler oxi 5 es ~ene 

24 |Stephenson 4 0. 

25 Williamson 4 Do. 

26 |Davy ... 30 6 es “+ 

27 =| Clanny ate 10 

23 Mueseler 6 

29 |Stephenson 2 Bstingeised 

30 | Williamson 1 

31 |Davy ... 16 13 Exploded. 

= a on : —_ Do. ned 

ueseler ai oes rar <g ‘ 
34 |Stephenson ... ee 25 . 
35 illi mae eee 15 Do. 




















THE ELIMINATION OF PHOSPHORUS. 
On the pee Phosphorus in the Bessemer 
‘on 
By Srtpney G. Tuomas, F. o. S., and Percy C. 

GItcHRIsT, Associate ee School of Mines, F.C.S. 

THE non-removal of phos ~ aye in the Bessemer converter, 
owing to which the great bulk not only of British, but of 

rench, German, and Belgian ores are unavailable for 
steel- -making, i is a fact too familiar to metallurgists to need 
insisting on. The inquiry whether this unfortunate cireum- 
stance is due to causes absolutely inseparable from the 
conduct of the Bessemer process, or to others which are 
merely the accidents of a soatinabey mode of constructing 
the apparatus, is obviou of vital importance. If the 
non. tion be due to t a of the temperature, 
or to the short duration of the operation, or to both these 
causes combined, it is almost hopeless to expect that we 
shall ever be able to use ordinary unpurified pig-iron in the 
converter. 

That it is to these essential accompaniments of the 
a that. the phenomenon of the retention of phos- |} ® 
mee ee eS ee is, it is be- 

ved, the generally received and one which has 
comparatively recently recei thes sanction of ae od 
authority of such eminent metallurgists¥as Mr. Lowthi 

, Dr. Wedding, Professor Kerl, and M. Euverte. 

mer yar pe went Sheth general conditions attending the 
removal ef ph i refining operations, 
taken in connexion with | t own action of silica on 
phosphate of iron at high res, and the fact that 
in Sey ee ee mere which the temperature is very 
high t f phosp! is not a apparently 

ected, seems Reworer to the - belief. 
doubtless's itself to other members of thi Taste, 
that it is to silicious lining of the ordinary converter 
and to the t necessarily silicious character of the 
slag; that one of the Bessemer process is due. Under 
this conviction, at all events, experiments were commenced 








* Paper read before the Iron and Steel Institute. 


cesses. Unfortunately app. 
a very imperfect character, and the results obtained, 
though highly encouraging, were, owing to defects in the 
miniature converter employed, "entirely conta our ever 
completely wae Freee a blow, not entirely conclusive as to 
comm — purification being possible. 

While wal waiting the completion of an improved converter, 
which was unavoidably delayed for some time, we were 
encow g that M. Griiner the disti hed 
professor at the Ecole des Mines of Paris, in his tise 
on Steel,’’ published in 1867, laid great stress on the in- 
jurious influence of the silicious character of the cinder and 

ing in theconverter. M. Griiner, however, seems at that 
time to have regarded this as one only of three causes 
which ‘prevent elimination of a Spe and proposes 
as a remedy the preliminary refining of phosphoretic pig 
before it is attempted to convert it. 

With a new converter, a large number of experiments 
were made in the autumn of last year, which gave much 
more definite results. The li in these experi- 
ments consisted of limestone and silicate of soda, a mixture 
which had been found to answer well in earlier trials. 

On laying some of the first of the results obtained from 
this six-pound converter before Mr. , of von, 
he at once ised their importance, and from that time 
we have been deeply indebted to him for his unfailing and 
consistent support, and much valuable advice and assistance. 
The Blaenavon Company, also, without hesitation, undertook 
to put up apparatus to carry the experiments further, and 
has with great spirit fulfilledits promise to give every facility 
to test the value of the theory thoroughly. 

In a vertical ——— taking from 8 cwt. to 4cwt. of 
metal, results entire! ~ ay of those previously 
observed were obtain In the six- “pound converter liquid 
decarbonised iron could not be obtained ; but in the new 
vertical converter this was readily done. 

Of the results obtained when the basicity of slag was 
produced by waste of lining, and the removal of phosphorus 
was assisted by slight over-blowing, the following may be 
quoted. (See Table I. on next page.) 

Some fifty or more blows were made in this vertical con- 
verter, and the products analysed ; and 1t was found that, 
using a basic lining, it was generally necessary to continue 
the blow for over orty seconds after the flame drop; 
order to bring the phosphorus down very low. Wit 
proviso the elimination of phosphorus could be east 
with absolute certainty. With a silicious lining the reten- 
tion of all the phosphorus in the metal was, as usual, 
equally invariable, even when, as in Mr. Bell’s experiments, 
the blow was continued till a considerable proportion of 
the iron was oxidised. At the same time, more phosphorus 
and less silica would be found in the slag obtained under 
these conditions than appears to be the case when large 
quantities of metal are treated under similar circumstances. 

Using a lining consisting of one part fireclay and two of 
ganister, and a pig containing 1.44 per cent. of phosphorus, 
the blown metal contained 1.63 per cent. of phosphorus, 
and the slag 32.5 per cent. of silica, and .85 per cent. of 
phosphorus. When, however, with the same lining, 40 lb. 
of lime ae laced in the converter before the pig was run 
in, though the lining wore away very much (as might be 
expec there was a decided decrease of phosphorus in 
the blown metal, as shown below : 

P. SiO. CaO. 


P. 
Pig used, 1.44 Blown metal, eo Slag, .99 30.7 18.8 
99 1:81 31.0 25.1 
It ‘would seem that. the ey of a considerable amount 
of lime in a not too ious is highly favourable, and 
on a large scale essential, to the removal of phosphorus. 
As it was manifest that phosphorus was not removed until 
the slag was sufficiently basic, the effect of large basic 
additions in combination with a basic lining was tried, 
with the object not only of i pee a highly basic slag 
atan early stage of the blow but of rendering the operation 
independent of the wear of the lining by which de the 
basic c r of the slag is otherwise obtained and 
maintained. Advan was taken of the fact that lime 
and oxide at ioe iron are ee in i ee ann oe ep The 
mixture ge of one part by 
weight of ‘‘ Pe Slee Billy” ve > and t two pts lime ; Y this will melt in 
an iron crucible, may be readily add ded in a molten 
condition. It was found that by throwing into the con- 
verter cheap basic materials consisting mainly of lime, 
even without previous oe before the pig was intro- 
duced, very saisfactoi ts were obtained without 


over-bl (See Ta IL) 
Ten pounds of spi were added to all but Nos. 15 and 
16; Nos. 13 and 14 were tapped before the blow was 
arte ascertain at what point the phospherus began 


to 
fo rapidly be observed ne by using these basic additions, 
— of the phosphorus is eliminated while yet a 
considerable proportion of the carbon remains, a result which 
had otherwise only been — when there was a very 
considerable waste of lining, In Experiment 14 it will be 
noted that more — half the phosphorus is gone while 
over 2 per cent of carbon is left. 

With a 12-cwt. converter of the ordinary BR sig ex- 
pressly put up by the Blaenavon Company, 0 limited 
number of casts were made, owing to ciemey of blast. 
ee a ee ae betor a basic lining, 
gave the results in Table II 
By the kindness of Mr. liad, for whose kindly as- 


sistance we have to tender our sincerest , we were 
enabled , at the old No. 3 pit at Dowlais, if the su- 
perior intensity of heat which a be from the 


conversion of a rede Ae rae —ph 
conclusions to w: smaller inted 
intended to line this me burnt basic 





bricks. The bricks intended for this purpose were, how- 
ever, accidentally under-burnt, and so spoilt; hence re- 
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TABLE I.—BLOWS IN BLAENAVON VERTICAL (FOUR CWT.) CONVERTER. 
Experi Lining. Pig Used. — Steel Out. Number of | inder. | FeO. | Fe,O,.| Mn0.|Al,0 07.| 8.| P| F 
ments. / of Blows. . e0. | Fe,O,.| Mn0.|A1,0,.| CaO. |P,0,.| 8i0j.| 8. | P.| Fe. 
1 |Limestone and silicate of Si. | S. | P. |Spiegel added.| Si. | S. P. o. 
: soda fe id oe ..| Middlesbrough a4 -16 |1.08| About 10 Ib. | .08/ .03/ under .04 +4 
3 Ditto ditto “s _ og wed GM a rb . Oa! ds | 2% 8, and 4|Thrown out | 47.17] 4.94 | 2.33 | 1.12 | 14,02] 6.87| 24.00\p.15 2.97 | 40.10 
4 Ditto ditto ba Se be - "| 207! (05 ane ” On ingot | 34,87} 2259 {140 |] ... | 27.48] 5.79] 8.60) .12/2,53] 42.94 
5 |Limestone and 10 per cent. a 7 
se ne ps Se » 10,, | 02] .04 » 04] .16 
6 Limestone and 10 per cent. 
silicate of soda solution ... ie .02) .12 » O04 .10 6 On ingot | 32.42 7.21 0.65 | 2.20 | 32.54] 6.45) 16.85 . |2.81) 30.28 
7 Limestone and 10 per cent. 
fireclay... ‘it eee ais White |1.09 85] .88 ine 07) 54 -04) .49 7 On ingot | 3404 5.83 2.14 | 3.04 | 27.93) 10,79 | 15.27] .73 |4.71 | 30.51 
* Samples of cinder from these three blows were mixed together, and an average sample analysed. 
TABLE II.—FOUR-CWT. CONVERTER. 
SE 3 
she Lining Used. Pig Used. Basie Additions. Steel Ont. Cinder. | FeO. | Fe,O,. |Mn.O /Al,03.| CaO. |P,O,.|Si0,.| S. | P. Fe. 
ale a 
; Mixture=2 lime + 1 of ' Pa 
1 Si. Ss. P. Blue Billy. Si. s. yw C. 
11 |Limestone and 1.97] .11| 119 201b. of lime cold on 29 | .10 11 | Thrown out} 29.81/ 0.81 3.91 ew. | 25.71] 6.51 | 30.80] ... | 2.84 | 23.76 
silicate of soda ay & ; bottom of converter. a wet it : 11 i 18.16} 5.28 8.71 | 180 | 87.49 | 17.86 | 14.42; .. | 7.8 | 17.81 
12 ; .. 11.19 30lb. of Elba ore 05 13 | .19 | 12 | Thrownout/ 51.95/ 4.03 | 3.07 «+ | 10.52 | 7.46 | 22.20] ... | 3.26 | 43.24 
” ” | oar fae. bili : ; ’ 12 | On ingot 40.11; 633 «+ | 1.88 | 26.74 | 10.33 | 10.47 4.51 | 35.64 
12 pe a « | 1.89 m ‘ditto _ trace | .. | .58 | .92 
14 os “a 1.39) 45 1b. of ‘mixture ” = » | 61 12.19 
15 9 » 1.39} 48 2 * 02 | ... | 20] .53 | 15 | On ingot 24.22| 4.88 | 1.40 | 119 | 36.12 | 11.11 | 1950; ... | 4.85 | 22.28 
16 on Ped 1.39} 32 ” ” 07 | .09| 04] .10 | 16 | Thrown ont | 28.55 | 14.20 | 1.49 .. | 2451] 8.56/ 19.85] ... | 3.74 | 32.16 
16 | On ingot 38.87| 652 | 0.93 | 2.08 | 31.11] 6.69 | 13.30| ... | 292 | 34.81 
TABLE IIIl.—TWELVE-CWT. CONVERTER. 
| ! 
— Pig Used. Steel. Blow.| Cinder. | Fe0. Fe,O;. |Mn0O. | Al,O;. | CaO. |P,0,.| SiO,.| 8. P. | Fe 
| “FAN EEA Sites Op Ee ee pee SS 22 
Si. s. P. Si. | s. P. C. | 
17. Middlesbrough .../ 2.71 14 | 1.38 04 05 | under .04 55 
18. o see] ae pel pa 17 -09 42 57 18 On ingot | 12.29| 1.19 13.00 ooo 83.79 | 20.81 | 15.80} .10 | 8.87*| 11.50 
19. 99 ve] oan ia 9 04 -07 | under .04 10 19 ” 19.53 | 9.01 5.29] 1.24 | 38.66] 11.20| 14.30] .15 | 4. 21.60 
* Alex. E. Tucker, F.LC., of Rhymney, has kindly determined the phosphorus in 18, and he makes 9.20 per cent. 
course was had to arammed lining of limestone and silicate Tasue IV.—ANAtysEs oF No. 3 BLow anp No. 5 Biow (Dow als). 
of n>. rag | lining, ea ge ofa giaiens ap yond 1“ we 
mixed wit per cent. of a solution of silicate of s add . own * own 
would, after the carbonic acid was driven off, contain Pig. Metal. Steel. | Pig. Metal. Bteel. 
nearly 20 per cent. of silica. This, by greatly diminishing _- —_— 
the effect of the ordinary wear of the lining in making the Si. 2.11 0.33 trace 2.44 trace trace The ‘‘blown metal’ 
slag basic, rendered larger basic additions necessary than 8. 09 09 09 -10 -10 10 sample of No. 3 was taken 
it was deemed prudent to make in the first two blows. P. 1.27 0.61 .63 14 .16 1.42 64 .75 64 before the last minute’s 
In the first blow about 2 cwt. of lime was added cold, and Cc. see under .10 31 = .35 i under .10 23 overblow. 
in the second nearly 2 cwt- of lime and one of Bona ore. 
The slag was decidedly silicious in Loth cases, and, of 
—_ only a minute quantity of phosphorus was re- TaBLEe V.—ANALyYsEs oF CINDER FROM Four BLows (Dow.ais). 
moved. 
j Blow. No. 1. No. 2. No. 3. No. 5. 
- Pig Used. Blown Metal. Steel. a 
= | a ee a =F 
a one s od 4 = per cent. : \ Ht : 
ade ts Wie bag Age ga ete Biel ¥,0, 0.71 a 0.49 Soap om {8 | 7 95} =14 per cont. iron 
Si. | 2.97 | 2.62 | trace |trace| trace | trace | #MsOs | 648 re ler 2a yo ao 
P | 121 [1.21] 121 | 119 |.111 | 111 | gio e738 > abe sa42 96:15 | 87:00 “| \g9'9 
©.  otdfr ceo tages DOL cog: fe MgO 0.26 re 038 =o. 03 ° 0.26 
s. 06 ‘to 0.5 "10 05 09 P,0; 1.13 1.24 fag vt Pe “ae 5.8 
Mr. Jenkins, of Dowlais, has kindly furnished us with pate . ; 
his analyses of the same blows. He finds 1.08 in the steel | blow. During this blow the lining chad to be patched at | tion, more successful. Magnesia, the use of which asa 
from the first blow, and 1.03 in the steel from the second | the breast furnace lining has been suggested by M. and others 


blow. 

The cinder with the steel contained in the first blow 
88.8 per cent. of silica, and in the second blow 36.18. The 
pig used was too hich in silicon for phosphorus to be readily 
removed, without very large additions of lime. 

In the third blow (Table IV.) 3} ewt. of a mixture of two 
parts of lime to one of roll scale were thrown into the con- 
verter before the metal was runin. The metal was blown for 
8 or 9 minutes and turned down (before the flame dropped). 
Nearly another 3} cwt. of the same mixture was then 
thrown in, and the vessel again turned up, when the flame 
dropped almost immediately. After being turned down for 
some 50 seconds, it was (at Mr. Martin’s suggestion) again 
blow for nearly a minute. Though it appeared that the 
metal was overblown, the action, on addin spiegel, was 
not violent. A large skull was, however, left in the con- 
verter and ladle, and much slag was produced. The blow 
lasted 10} minutes. A rail made from one of the ingots 
deflected we Hy the blow ? 1-ton poem 24 = the 

. a idered much t 
soft for rails %: getelos: ba 

The skull left in the converter was got out by blowing a 

of very silicious non-phosphoretic pig. In the next 
(fifth) blow, 1 ewt. of a mixture of two of limestone and 
one of Elba ore was thrown cold into the converter before 
the metal was run in; rather over 3 cwt. of heated roll- 
scale was added subsequently, before the completion of the 


















































Inall cases where two analyses are given, the results to the 
ight are those of Mr. Jenkins, of Dowlais. 
‘able V. gives the eee of the cinder that came out 
with the steel in the four Dowlais blows 
These results appear to confirm the conclusion that, for 
the process to be of technical value, waste of lining and 
metal must be avoided by making basic additions, so 
as to secure a highly basic calcareous at an wg ben 
of the blow. In these trials, however, it was t t 
prudent to feel the way, and not add at once the very large 
amount of base which our theory dem the more so 
as we were not able to add the bases in the molten state. 
It is also made clear that a slag containing under 14 per 
cent. of iron may be very effective in removing phos- 


orus. 
? After the five blows described the lining was found to be 
much worn and not in a condition to admit of satisfactory 
repairs. Two tuyeres had to be renewed in the fourth blow ; 
the rest stood well. 

aren Sas Tine to tenticncea anon. 
as re , basic lining, the sim 
tion and peribterer of cheap pig in the Bessemer vessel 
cannot rank as a commercial pi . Our early experi- 
ments rendered it clear that o' non-silicious lime and 
lining material ; nor were renew 


limestone did not constitute by themselves a 
ed trials, made after be- 
coming acquained with a patent dealing with their applica- 





the opportunity 
.| assistant in the ——- 


is at once very expensive, and, when used by itself, 


oak 


tender. Nor did we, after pegented attempts, find it 

practicable on the large scale to use oxide of iron linings in 

any of the forms in w they have been used in pud 
tended series of trials,* it was, 


furnaces. After a very ex’ 

however, found that, by firing bricks made of an alumino- 
silicious limestone at a very intense white heat, a hard and 
compact basic brick is formed. These bricks unfortunately 
labour under the defect of a liability to disintegration when 
exposed to the action of steam. y the use of certain 
aluminous magnesian limestones and equivalent combina- 
tions, and an otherwise similar mode of man , this 
difficulty has been overcome. For certain purposes, mag- 
nesian limestone mixed with silicate of soda solution forms 
an excellent material. To enter fully into the important 
subject of the precise conditions necessary for 





Segre a 
peice omy A basic lining would exceed our limits, and 
must be reserved. The question of how far the hea’ 
wisn ce this tntastigation, we are: cnpectally indebted to 
i we are y inde 
Griffiths, engineer at Binenavoa, We take 
ity of at the same time thanking Mr. Gill, 
laboratory, for his aid in the 


of this as of many other interestin ts 
bs quostion 4 Bae to 
of this 

lyses made in the course of our 
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ANALYSES OF METAL AND SLAG FROM MIDDLESBROUGH 35-CWT. CONVERTER. 
Samples a 
after Two SLAG. 
a Minutes’ | in Pig. MstaL. 
Blow. 
P. Si. Mn, ©. SiO,. P,O,. | Mno. Fe CaO, | Mg0. 
5} ons ‘a oe ani an ie én a 
1.49 37 26.6 8.8 i 6.0 
~ ie 43 18.6 1214 a 6.3 
19 08 13 11.49 18.9 
204 023 16.6 13.94 9.45 
21 1 142 10.66 14.5 
Steel 05 14.6 10.6 17.2 
on eco 1.30 ose 35.8 52 2 
47 ps a 1.06 trace $2.2 3.35 5.65 
59 » 22.2 11.64 12.55 
28 be 25.6 8.95 | 10.75 
ses ose .09 @ 18 11.64 ° 17.3 
Steel ae 13 pa 20.4 10.89 9.7 
we 1.25 . 36.8 1.04 2.4 
46 os 34 23.8 11.04 ae 8.3 
eat 05 20 11.49 13.8 
Steel .053 19 12.01 11.3 
41 a 35 13.8 18.34 995 
as .08 11.8 15.24 16.6 
Steel 08 12.2 13.0 13.75 
we 08 | Ls my 
before 
Spiegel | | 
52 sai 1.68 17 | 162 | 12.78 | on 10.25 
rs pis 06 16.4 | 1462 | iil 15.9 
Steel " 4 13.6 12.3 bet 14.5 
| Pie METAL. SLAG. 
e | viele 
BS | — | 
5 /Sim| Bit] p. | st | aim} ©. |si0,.| P,0,, |Mno.} Fe, | Ox0.|Mg0. | Fe0. | Fe,0,. | sfn0.| A1,0,. | S. [Nao 
39 aos 28 | 13.65] 11.79 | 16.05 
a7 | 16 | 06 .05 | 12.05 9.68 | 15.8 | 
| under 
13 inn jon 04 os a 21 5 12.2 10.3 40.08 | 10.67| 12.21] 1.17 | 4.76 25 | .12 
17 pen -_ . oe 7 a 08 | 13 12.5 | | 13.2 33.43) 11.7 | 17.5 29 «| 8.79 1.11 | .04 
20 93 Se 2 as 22 | 13.6 9.4 10.5 
6 ita .05 nd ia 15 | 20 8.5 5.6 
14 | 1.01 | 142 | .045) ... | .24 12 | 9 14.5 | 14.2 38.6 | 9.5 | 15.43] 3.13 | 4.98 1.35 | 09] .6 
58 | 2.28 | 148 | 904/ trace! ... oo | 982 8.9 8.451 | 
“ ot = ae oad woe | 156 11.72 | 9.7 
‘ee wie s 076 a ine a ee 11.3 17,25 
steel| ... <a 177} .088 | ... ue Dae 10,39 15.10 | 



























































Nors.—We are indebted for these analyses, as for many others, to Mr, Stead (of Messrs. Pattinson and Stead); they only represent 
a small fraction of the work which Mr. Stead has devoted to this investigation, 


the oxidation of phosphorus may-replace that due to the 
combustion of silicon, the — of using in the con- 
verter low phosphoretic pig low in silicon, and the influence 
of silicon on the removal of phosphorus, are some of the 
subjects on which much remains to be said. 

In adyancing the proposition that the technical removal of 
phosphorus in the Bessemer converter is simply and entirely 
a question of cheaply producing a highly basic slag, con- 
taining under 20 per cent. silica and over 30 per cent. of 
lime and magnesia, and indicating the means by which this 
may be secured, we are not aware that we can shelter our- 
selves under any yery distinct authority, though surmises 
as tothe hypothetical advantages that might be expected, 
were the Bessemer slag less silicious, have not been want- 
ing. It is, however, only proper that we should remind 
the Institute that Mr. Snelus stated at its March meeting 
simultaneously with ourselves that he had removed phos- 
phorus in a Bessemer converter lined with limestone. Of 
the circumstances of this experiment we are in ignorance. 
It is on the production of a basic earthy slag, by the 
addition of large quantities of calcareous bases, and without 
excessive waste of lining and metal, and the construction 
of a durable basic lining, that we venture to think, the 
economic solution of the phosphorus problem depends. 

It need hardly be said that the theory here advanced 
as to the practicability of commercially removing phos- 
phorus in the converter extends, mutatis mutandis, to 
the Siemens and other open-hearth processes, where, in 
fact, many difficulties that are met with in the converter 
are absent. Dr. Siemens has indeed s ted the use of 
a lime lining in one of his furnaces, though he has since, with 
his customary candour, informed us that he has failed to 
devise means for its successful application. The present 

per will have fulfilled . San if it induces metal- 
ana to reconsider the ict, so fatal to the hopes of 
steel-makers, that ‘‘ oxygen, whether in its free state or as 
oxide of iron, is almost entirely inert as regards phosphorus 
at the intense temperature which‘accompanies the Bessemer 


In the nine months that have elapsed since our paper on 
the ‘‘ Elimination of Phosphorus,’’ &c., was prepared, the 
vigorous co-operation of Mr. Windsor Richards and 
Messrs. Bolckow venga has enabled the authors to 
submit to the Institute further evidence in support of the 
views then put forw: That intensity of temperature is 
no obstacle to the removal of phosphorus, but, under proper 
conditions, highly favourable to this end, been abun- 
dantly demonstrated by the results of the working at 
Middlesboro h. It is, indeed, found that, other things 
being equal, the hotter the blow the better is the result. 
As regards the necessity for large additions of bases con- 
sisting mainly of lime, the experience afforded by some 
prom or eighty operations is equally conclusive. 

In continuation of some experiments carried out 
in 1877 at Blaenavon, trials have been made of the effect of 

yi ing the amount of oxide of iron added at the 
commencement of the blow iminishi i 


in a measure to assimilate the cinder to that of a apo | 
furnace. As was anticipated, it was found that this co 
not be done successfully. In the first place, the loss from 





excessive boiling was ve’ 


great; in the second, the phos- 
phorus is only very imperfectly removed. A ver id 


discernment and energy it is due that opportunity has been 
given to develop the system under the most favourable 
circumstances. To Mr. Windsor Richards especially we 
are indebted not only for constant counsel and untiring 
assistance, but for being in a position to lay before you the 
results of working Cleveland pig on a practical scale. 

In concluding, we wish to thank the Blaenavon Company 
for the great facilities they have afforded for the prosecution 
of a very pro series of experiments, the results of a 
few of which been laid before you. 

Notre.—During the Paris meeting M. Griiner, whose 
eminent services to metall are so well known, was good 
enough, while encouraging the authors to continue their ex- 
periments, to inform them that he had long held the 
opinion that the solution of the phosphorus problem was 
entirely dependent on the formation of a durable basic fur- 
nace lining. 


THE REMOVAL OF PHOSPHORUS AND 
SULPHUR 





Dn the Removal of Phosphorus and Sulphur during the 
Bessemer and Siemens-Martin Processes of Steel we 
facture.* 

By Groroz J. Snztus, A.R.S.M., F.C.S., &. 

In speaking of the elimination of phosphorus during the 
puddling process, Dr. Percy, in his well-known work on iron 
and steel, suggests that probably the phosphorus is elimi- 
nated by a process of liquation of fluid phosphide of iron 
from the pasty puddled ball. It may be worth while to 
quote the exact words, which are as follows : ‘‘ Hence it is 
clear that by the direct action of the oxygen of the air upon 
molten pig iron, or even molten malleable iron, phosphorus 
is not eliminated in a sensible degree. To what, then, are 
we to ascribe the seams result, which occurs in the process 
of puddling, in which there is powerful oxidising agency 
atwork? Is it due to the effect of the liquid cinder? 
Although I cannot answer these questions in a satisfactory 
manner, yet I will venture upon a conjecture which I have 
long regarded as at least plausible. 

**In the puddling furnace, the iron, as it ‘comes to 
nature,’ separates in a semi-solid or somewhat pasty state, 
and is not molten, as it is in Bessemer’s process, the tempe- 
rature in the former case being much below that in the 
latter, in which intense heat is developed by the actual 
combustion of iron. Owing to the formation and per- 
sistency of these pasty lumps in the puddling furnace, 
which, when collected into balls, extend considerably above 
the surface of the bath of cinder, opportunity is afforded 
for the liquation or sweating out of any fusible compounds 
of iron such as phosphide; and itis in this manner that I 
conceive the removal of the phosphorus may in a great 
measure be effected.” 

Other writers upon the subject have adduced various 
causes to account for the remarkable fact that has been so 





vy - 
able amount of ore may, however, be added after the greater 
part of the silicon is removed. The amount of bases which 
it is necessary to add with Cleveland pig generally exceeds 
considerably 2 cwt. per ton of pig treated, the exact amount 
being dependent on the wear of the bottom, and the per- 
centage of silicon and phosphorus in the pig. The presence 
of an excess of earthy base in the slag seems an essential 
condition of success. The formation of a very fluid basic 
slag at an early s of the operation is also of great 
importance, as it enables the phosphorus and carbon to 
be oxidised pari passa, or nearly so. It will be borne 
in mind that the basic addition has a double function ; 
in the first place, to preserve the lining; in the second, 
to form a highly basic earthy slag, so as to afford a 
strong base with which the phosphoric acid may 
unite at the moment of its formation. On several oc- 
casions the experiment has been made of blowing in a 
basic brick lining without, or with very small, addition. 
The result is always excessive damage to the lining and a 
trifling removal of phosphorus. The density and compact- 
ness of the present lining material prevents it from playing 
the important part in the actual formation of the basic slag 
which was fulfilled by the softer and less durable linings 
first experimented on. The hig! ly-freed magnesian lime 
bricks have, we venture to think, more than fulfilled all 
the expectations which were entertained as to their pro- 
bable value. As, however, Mr. Richards has kindly con- 
sented to give you seme account of the experience he has 
had with them, it is penne ten | to dwell on this point. 

It has also been ascertained that, panes a highly 
earthy basic slag is present, the removal of almost the last 
tracesof phosphorus may be secured ; ee the 
blow for some time after the drop of the e. The phos- 
phorus in the presence of a strong base seems to protect the 
metal much in the same way as carbon and silicon, so lon 
as there is present an excess of a strong base with whic 
the phosphoric acid can unite at the moment of its forma- 
tion. When, however, the phosphorus is reduced very 
low, the iron begins to oxidise as in an ordinary case of 
over-blow. 

The question of the elimination of phosphorus being the 
primary matter with steel-makers, it is not proposed to do 
more than to mention that, under the circumstances which 
have been described as essential to the removal of phos- 
phorus, a considerable {proportion—viz., from 30 to 70 per 
cent.—of the sulphur is removed. Certain experiments 
made by the authors in conjunction with M. Ponsard in 
November last with a Ponsard furnace, in the first of which 
over 80 per cent. of the phosphorus and 50 per cent. of the 
sulphur were removed under{very unfavourable conditions, 

uite confirm the opinion formed from smaller experiments 
thatthe system described is as applicable to the open 
hearth as to the Bessemer furnace. Those open-hearth 
furnaces, which are provided with removal hearths, offer 
yo facilities for the adoption of a brick hearth or 


— 
If the results now brought before you seem to p 


long pted as an axiom, that phosphorus could be almost 
perfectly removed by the puddling process, and not at all 
in the Bessemer converter; but I am not aware of any 
writer who, up to the time I made my statement at our 
London meeting last year, had publicly made known that 
the elimination of phosphorus in the pneumatic process 
depended entirely upon the basic nature of the slag. 
was led to doubt the correctness of Dr. Percy’s hypo- 
thesis during my studies of the puddling and refinery pro- 
cesses at Dowlais, and when I came to study the reactions 
which occurred in the Danks process, the particulars of 
which were laid before this Institute, I was struck by the 
fact that a good deal of the phosphorus was eliminated 
while the iron was in a fluid state. I communicated this 
observation to Dr. Percy in March, 1872, and at the same 
time told him that I believed I had discovered why this oc- 
curred. 
On comparing analyses of iron and slags at different 
ae during the processes of Welsh refining, puddling, 
and Bessemer converting, I had previously noticed that 
while the phosphorus was comparatively easily removed in 
puddling, variable but generally smallamounts were removed 
in refining, and none at all in converting, even if the iron 
were considerably overblown. A comparison of the slags 
from the three processes showed that while that from the 
puddling process was ‘highly basic, that from the re- 
finery was less basic, and that from the converter highly 
silicious. I also noticed that if a silicious fettling were 
used in the puddling furnace, or a very silicious pig 
iron fused, the resulting metal was inferior; and hence 
while ‘at Dowlais I strove to get a non-silicious pig 
for puddling and a non-silicious ore for fettling, an 
strongly recommending for this purpose the Campanil ore 
from Somorostro. For similar reasons, when ;consulted 
some years ago by Mr. Jenkins, of Consett, about the diffi- 
culty then experienced in keeping his iron for plates free 
from red-shortness, I advised the use of a m niferous 
ore moderately free from silica, which has, I believe, been 
with success ever since. 
It is awell-known fact that silica is a much stronger 
acid than phosphoric acid, and that it will displace the 
latter from combination at high temperatures, and con- 
uently, unless the silica is thoroughly saturated, there 
will be no base for the phosphoric acid to combine with, 
and, therefore, in contact with metallic iron at high tempe- 
ratures it will be reduced as fast as made, if, indeed, the 
phosphorus is oxidised at all under these conditions. These 
considerations led me to believe that phosphorus was re- 
— tg processes just in proportion to the basic nature 
of the slag. 
Having these facts before me, early in 1872 I considered 
how I could obtain invariably a highly basic slag in the 
Bessemer converter, and I saw clearly that to obtain this 
result it was absolutely necessary to line the vessel with a 
basic or spe oe - oy no peng could be ex- 
pected so long as it was lined with ganister or any material 
containing pay at proportion of silica. Carbon occurred 








any value, that value is largely owing to those to whose 
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to me as an infusible neutral substance, suitable in so far Iron, 97.842 per cent While the contained: vessel, when put in the ordinary way, thoro burnt, 
as it would not affect injuriously any lime or other oxide Carbon, .8 Silica (over) 6.0 and it occurred to me that a way out of the Siittoutty might 
that might be added to form a basic slag, but it had other Silicon, trace Lime, not estima‘ be found in making bricks out of the material and b 
serious drawbacks. Oxide of iron alone was too fusible to Sulphur, trace Phosphoric acid, 3.2 per | them beforehand, but I did not go beyond satisfying 
stand the intense temperature of the blow. While think- Phosphorus, .018 cent. that this was a perfectly feasible plan, and a devote 

all my energies at this time to reo isi West 


ing over these things, I was fortunate enough to make the 
observation that certain kinds of lime, when submitted 
to very intense heat, became indurated and converted into 
a form in which they were no longer acted upon by water. 
The observation was made while performing the experi- 
ment recorded on page 249, vol. ii., of the ‘‘ Institute 
Journal” for 1872. I had used a lime crucible for the ex- 
—- which was to prove the power of free silicon 

reduce oxide of iron. The crucible, embedded in lime, 
was submitted to the most intense heat of the Siemens 
steel-melting furnace at Dowlais. After the experiment, 

I noticed that the lime crucible had turned brown, and was 
no longer alkaline to the taste, while at the same time it 
was quite hard and stony in character, and absolutely un- 
affected by water. It at once occurred to me that lime in 
some form or other was the material I was in search of for 
lining the converter. The well-known fact that it does not 
do to burn lime at too high a temperature if it is to be 
caustic also occurred to me. This is known to be parti- 
cularly the case with magnesian limestones. Hence I 
specified magnesian limestone icularly. From some 
experiments I made shortly afterwards, I found that it 
was possible to make bricks out of lime or limestone, pro- 
vided that when lime was used it was crushed, quickly com- 
pest. and fired before it had time to absorb moisture, 

+ it required intense temperature to consolidate them, 
particularly if the lime was very pure, while a small quan- 
tity of oxide of iron or other fusible base facilitated this. 

If lime was used, it was necessary to be well burnt first, 
otherwise the material was not porous enough to allow the 
small quantity of carbonic acid to escape without breaking 
up the brick. Finding, however, that crushed limestone 
lent itself with considerable facility to such a purpose as 
lining a converter, being plastic and binding when moist— 
like clay, in fact—it occurred to me to use it in this form, 
and to fire the vessel at a very high temperature. This 
was comparatively — to do in a small converter, but I 
found considerable difficulty when I came to try a 7-ton 
converter. There did not appear to be any difficulty in 
forming a fusible slag in a vessel lined with lime, since this 
base combines with an excess of oxide of iron to form a 
fusible ferrate of lime. It was only necessary if the 
waste of iron during the blow were insufficient to 

rovide the necessary oxide of iron to form a 

usible slag free from silica, to add oxide of iron specially, 
to which course there could be no objection, while 
the presence of the oxide of iron would doubtless be advan- 
tageousin other ways. At the same time, lime being a 
basic body, would not be so readily acted upon by the 
oxide of iron as a silicious body would be. 

Following up these conclusions, I made several blows in 
a small (2 cwt.) movable converter soon after I went to the 
West Cumberland Works. The results of these experi- 
ments I have shown to many private friends, and I have 
now the pleasure to lay the details before the Iron and 
Steel Institute. The results with the small vessel were very 
satisfactory, as will be seen by reference to the analyses, 
and there can be no doubt as to the perfect elimination of 

hosphorus and sulphur when the slag is kept thoroughly 

asic. In order that there might be no doubt on the sub- 
ject, I lined the same small vessel with the ganister in the 
usual way, when I found that the phosphorus refused to 
leave the metal, just as in theordinary converter. I there- 
fore patented the use of lime and limestone, magnesian or 
otherwise, in all the various forms in which it occurred to me 
that it was possible to use it, for ‘‘the lining of all furnaces in 
which metals or oxides are melted or operated upon while 
fluid,” and I especially called attention to its use in the 
Bessemer converter, giving some details of the results of 
its use under these circumstances. I was perfectly well 
aware that limestone had been used years ago for lining the 
sides of puddling furnaces, but its use for this purpose 
was a very different thing, because the metal in the 
puddling furnace does not remain fluid at the end of 
the operation, for which reason it did not answer satis- 
factorily, and, as is well known, its use for this pur- 
pose is almost entirely discarded. I felt, however, that 
although I had found the solution of the problem so 
long and anxiously looked for that my plans required to be 
tried on a larger scale before they were fully laid before 
the public, not because there could be a that the 
same chemical action that succeeded with one or two cwt. 
of metal was likely to be reversed when operating upon 
tons, but because I felt that there were many points of 
detail that would require to be worked out. ‘These details 
have been filled up by subsequent workers, but it is grati- 
fying to me that the complete success now attained follows 
so closely some of the lines then laid down. I shall doubt- 
less be asked why I did not at once follow up my discovery 
and put my plans into practice. My answer is that I had 
just taken the management of a concern, the interests of 
which were opposed to the solution of this problem, and 
therefore having secured :the groundjby patent, I was com- 
peiled to wait a more favourable opportunity for putting 

my plans into practice. There was also a good deal o 
scepticism amongst those interests as to the possibility of 
solving the problem, 'and none seemed to care to take it 
up. e details of my experiments are as follows. 

_ In the first blow the converter was lined with ground 
limestone in a plastic state and fired at as high a tempera- 
ture as possible for a considerable time. A small cupola 
was also lined in the same way. About 2 cwt. of Middles- 
brough pig iron, in which the phosphorus was about 14 per 
cent., was melted in the cupola, then run into the converter 
and blown in the usual way. The metal blew well and 


some spiegel was added at the end of the blow, which 
accounts for the rather high carbon in the steel. On 
analysis the resulting steel was found to contain : 





In order to try whether sulphur could be removed at the 
same time, a second blow was made in the same ap 
a quantity of melted mottled hematite being run into the 
converter, and lumps of grey Cleveland pig were thrown 
in with it to afford additional silicon. In order to trace 
the reactions which took place, samples of metal and slag 
were taken from the converter during the blow and sub- 
mitted to carefulanalysis. The metal was scarcely fi 
blown, as will be seen from the final sample. Those taken 
during the blow yielded the following results : 














Second Third 
First Sample of Metal. Sample of Sample of 
Metal. Metal. 
Iron oes and a 98.29 
Carbon ... * 3.0 1.25 66 
Silicon ... an i ll 042 
Sulphur ... pe: 346 274 -169 
Phosphorus... 864 314 231 
Corresponding Slags. 
Fe,0; 12.1 ee 7.1 
FeO 23.8 4i.9 39.2 
Silica 44.8 25.0 19.2 
Lime... ..| 148 soo 24.0 
Phosphoric acid 2.3 7.25 7.0 
Sulphur ... sa 3 352 512 

















_It will be noticed that the silicain the slag is rather 
high in this case, and that the imperfectly blown sample 
No. 3 has not quite lost all its phosphorus and sulphur. 
The gradual diminution of these elements, however, is vert 
conspicuous, and no doubt the fully-blown sample woul 
have been sufficiently pure for ordi purposes. .The 
third blow was made from a mixture that was tolerably 
free from phosphorus and sulphur to begin with, in order 
to see whether it was possible to remove the last traces of 
these elements. This was a very perfect blow, lasting just 
fifteen minutes, and the exact times at which the samples 
were taken were noted. Further, in order to test the steel, 
some of the fully blown metal was melted in a crucible 
with 6 per cent. spiegel, and tested in various ways. 

Third Blow.—About 100lb. No. 2 Bessemer pig and 
30 Ib. grey Cleveland were melted together, and then blown 
in the same vessel. 





























The results were : 
Metals 
a igs —e-| 3 3A 
guise | gé Aa rs 
Lam) 
a2 | 53 3 3 el we 
ailea | 22 (fae 
PD ns a, , t ‘ 
He eee 
; ol: as : 
ea lesk] E"§ ERSly BE 
ES 20D Sa Bs klge6 
Iron ... ° eee +» 198.44 
Carbon po ons ose trace | 1.30 
Silicon... _...| 1.505] .046 a 019 | trace 
Sulphur coo] AOD L,, veep be -030 | .052* 
Phosphorus ...| .327| .094 .076 003 | .052* 
Corresponding Slags. 
se ree hig oa 53.8 ee 
Rg Lopes) bast 10.2 10.50 
Lime ... ai tae te 33.0 25.0 
Phosphoricacid| ... ae 2.88 2.05 
Sulphur ae sol at B .26 








The full-blown metal was fluid, and set moderately 
sons It forged and rolled well, and could be easily 
welded. 

It stood hot and cold tests well. 

A larger vessel was then gene’, and about one ton of 
highly manganiferous pig blown in it, containing about 
03 per cent. phosphorus. 


The blown metal contained: {| And the slag contained 
Carbon ... ee Tron ... coe Bed 
Phosphorus... .006 Silica... ee 12,65 

Lime... . 28. 


2 
Phosphorus ... 519 

The metal at the end of this blow was perfectly fluid, and 
the lining of the vessel remarkably good. The a 
ments for tilting this vessel were imperfect, and Fegan 
had to be allowed to set in the vessel. 

Lastly, 5 eee of 4 tons of metal was blown in a 
7-ton converter, but the lining had not been sufficien 
heated, and the metal blew so co! that it could not be poured. 
As the — could mocha — for aontaen blow, Ley! pe. 
periments were sus' is point. appeared that 
the only serious difficulty was in getting the lining of the 
ja” increase in these elements was due to the spiegel 











Cumberland Works, further tests were put off. Although 
no experiments were in a Siemens » all 
chemists will agree that the i occurring in the 
Bessemer converter could be more easily obtained in the 
open-hearth furnace. 

Some time afterwards Dr. Siemens was enough to 
have his experimental rotator at Birming’ lined with 
limestone in a similar way, but it did not answer for two 
reasons, in my opinion: 1. The limestone was a peculiarly 
rich one, and would not bind well before burning. 2. The 
temperature that could be obtained in the rotator was not 
sufficiertly high. 

It is essential that the material used for lining the vessel, 
and for bottoms, should be as free from silica as possible, as 
some of this must go into the slag, and it appears to be 
necessary to have a large amount of base to saturate the 
silicic and phosphoric acids present in the lining material 
or bases vdded to form slag, or formed from the oxidation 
of the silicon and phosphorus in the iron. Unless this is 
done, the becomes acid to allow the phosphorus to 
be eliminated. This is seen to some extent in blow No. 2. 
It is a question how much base is required, but I am inclined 
to believe that there must be sufficient to form the basic 
silicate and tribasic phosphate. 

Mr. Roe, who is at present engineer to the Consett 
Works, was engineer at West Cumberland at the time 
— experiments were made, and assisted in performing 

em. 

In conclusion, C have the pleasure to place before the 
meeting what I believe to be the first sample of Bessemer 
steel made entirely from Cleveland iron by one operation, 
in which the phosphorus has been reduced to a mere trace. 
A portion has been forged into a chisel, while a rough 
— of the same has still jm of the lime li 
attached to it. With the samples I have "sapere the origi 
wrapper ing the date when the sample was made, and 
also my note-book with the original entries of the details of 
the analysis. 


BASIC BRICKS FOR FURNACE LININGS. 
On a Ready Means of Moulding Lime, and making Lime 

or Basic Bricks, and Linings for Furnaces, Con- 

verters, &c.* 

By Epwarp Riuey, F.C.S8. and F.I.C., London. 

SEVERAL methods have been suggested and used for the 
manufacture of basic or lime bricks for the lining of 
Bessemer converters and cupolas, and various attempts 
have been made to line the same by ramming either with 
lime or limestone. 

One difficulty and objection in using limestone either for 
the manufacture of bricks or for ramming is the very large 
loss in weight and bulk the material must sustain from the 
expulsion of the ee ar and a little water ; the per- 
cen’ varying from per cent. in weight, and the 
shrin in bulk being at least from 25 to on cent. 

use of quicklime is impracticable, as it is too dry 
and pulverulent in its character, and it is impossible to mix 
it with water on account of the chemical action of the 
water on the lime. 

It occurred to the author that if some cheap liquid could 
be used tha no chemical action en the lime, it would 
be possible to mould the lime either by ramming or by 
pressing it into moulds. 

Various liquids were tried, such as crude petroleum oil, 
coal oil, and resin oil. All these answered very well. Ex- 
periments were first made on a small scale by mixing 
_ lime with —f 5 ie 10 per cent. of crude leum 
oil, and compressing i mmering in a small steel cy- 
linder with a piston of oes 14 a in diameter ; it wee 
found that the cylinders of lime after compression might 
be at once p: in an ordi y petroleum burned 
quietly off, and left a solid cylinder of lime, If burned at 
a low to bright red heat, no contraction takes place at all. 
If, however, the cylinders are burneed at a high temper- 
ature, they contract to a small extent. 

_Many hundreds of riments have been made with 
different kinds of lime, and no difficulty has been experienced 
in making perfectly solid cylinders, the only precaution 
necessary see that the lime is well burned, and that it 
has not been exposed too long to.a damp atmosphere. 
Lime that has been exposed for ten days or a fortnight to 
a damp atmosphere would not give satisfactory results, 

Various mixtures of burned clay and por A of iron and 
other substances have been made with the lime. From 5 
to 74 per cent. of burned clay makes it much harder after 
bu . An admixture of 3 to 5 per cent. of oxide of iron 
in the form of blue billy also consolidates the lime, at the 
same time the shrinkage is increased. The above propor- 
tions were used with a x | pure lime. 

My experiments on a small scale being so satisfactory, I 
at once commenced to make ordinary bricks, using a 
Bodmer’s hand hydraulic brick-press placed at my dis 
idigy tho lane $e posemrs 66 Ghoth 1 Soe pos dghnint I, 

e lime to a pressure of a per square inc 
most perfect bricks were made, and from oelte to fourteen 
could be readily moulded and forced out of the mould in an 
hour in the hand press ; the bricks could be easily handled 
and would bear shaking if taken hold of at one end. 

These bricks were made at Notting-hill, and had to be 
carried on a man’s back and by rail to my laboratory in 
agen ony ape Although I have made some dozens of 
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& depth of Sin. to 10in. with coke broken small; the | fear of the metal setting, it was found necessary to run it | burning: 
bricks big se part en > em and burned + ode be y= before ee blo t ot the pi od d th pq oe eee oe one ee oon Bay 
moderate temperature rs. The three ollowing is analysis ig used and the me .., oo con me on ecb . 
pevebe, weve nite | awe ml we yy = — be a formed : i a signe ob os ee 35.30 
a sharp @ pig contained : lumina ons om, sab ae os «=: 9.60 
the brick with coke. lime used was weer my Ben vie Per cent. Peroxide of iron are xe wee (its (is 
Huddlestone stone BE dich oe eve - —_— Sulphide of calcium .., pa os ove dd 
uddlestone. Kiverton Phosphorus ... see eee 1.884 —_— 
Silica - ove 006 4 = In metal from second blow : = t “os 100.55 
Peroxide of iron ose d obe es oes eee ose ‘ # consequence of the short experience I 
Alumina “ete “s 37 Carbon 5 us te tte tet 429 have ‘had in the manufacture of bricks and tuyeres, and 
Lime... rn oe 80.82 29.12 Cinder, No. 1 Cind other moulded forms of lime, I am unable to present to the 
21.37 20.96 ; oe, ee. le er, No. 1. | Tostitute d pencki ipti 
a, er: te yo Silica sana 24.00 peak > pan ge a m of my pro- 
eae . P. ct. Phosphorus. P. ct. Phosphorus. | 0°88 88 I could wish. It was only at the commencement of 
Combined wa: “a x 48 Phosphoric acid 6.99 = 35 10.44 = 4.56 this year that I made -my first bricks, and my process re- 
Moisture ws ts 12 17 S .., | quires further time to perfect and develop it. 
Phosphoric acid oe iat 01 _ The metal from the first blow was so much mixed with | In the manufacture of the bricks I am indebted very 
— — cinder and sand that it was difficult to get a fair sample. | much to Mr. Bodmer and his brother for the assistance 


pure magnesian limestone, aa shown by the 
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It will be seen that in less than ten minutes 50 per cent. 
the horus was taken out of the metal. 


In the small converter the head was movable, and the 
lower was first burnt with the coke. It was found 
that lining expanded and rose up above edge of the 
plates. Some of the m in the converter on 


it 
i 
i 


higher temperature, the only — fyb - ae 

means ve at present 
for making the bricks is under the steam hammer. The 
Sem, haters, Sean meeee Ses part of the brick 
sealy, and not ts when preseed by hydraalic ressure. 
I have also found to be ease in may email exper. 
mental cylinders. 


| 
7 
| 
| 
: 





ve rendered me, and also for the use of their ex- 
cellent hydraulic brick-press. I hope, by the assistance of 


twelve bricks per minute true. These, I 
believe, can be at once used to line up a converter or other 
perfectly true and square, can 


I see no reason why ordinary 
lined in hour, and burat and lased in another 24 hous 


to ours. 
er the lining of the converter with the bricks or by 
ramming seems to me the most ready and economical means 


of obtaining a lime or basic lining. i 
Ansbjction mit be snlaod 00 the uso of lenge qneutl- 


ties of . » Viz., that 

crease the price. : 
There however, so many sources of cheap crude oils 

—as tar resin oil, &c.—that any quantity could be pro- 


“ 


duced, and if such oils are required in large quantity, it 
would pay to distil much of the bituminous shale that is now 
thrown away for the crude oil, extracting, at the same 
time, the solid paraffine. 

Tam still ing on experiments at the works of 
Messrs. Brown, Bagley, and Dizon, and owe very much of 
the success I have So the prostions neriezenee ane 
pep yemey tpt er Holland and Mr. Cooper, with whose 

hope practical 


to obtain still further success. 
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ON THE APPLICATION OF THE SPEC- 
TROSCOPE TO THE ANALYSIS OF 
IRON AND STEEL.—No. II. 

By Joun Parry, F.C.S., and ALex. E. Tucker, F.C.S. 
In thus continuing what may appear a lengthened 

reamble of the subject of our paper,* we think it 
well to state that it is the result of many months 
continued experiment, We are not aware that any 

full directions are published by following which a 

chemist may at once take the “ medias aquas” of 

spectrophotography, and consequently we repeat 
our hope that such description of experiments 
may prove useful. Their object was to shorten 
the time necessary to take the required photo- 
graphs, and to select such alterations as seemed 





was shortened by adding chloride of magnesium to 
such solutions as gave their spectra only with diffi- 
culty, as vanadium andaluminium, The same result 
was obtained by burning magnesium wire behind 
the spark ; these are complications, however, which 
we now consider unnecessary. 

It may be of much interest to remark that we 
have taken capital agg of calcium, barium, 
and copper flame spectra. In photographing flame 
spectra the application of the oxy-hydrogen jet may 
be found of great service. To avoid over expo- 
sure with dry plates in the most actinic part of the 
spectra, while obtaining clear definition at the ends, 
we have interposed a diaphragm —or shutter worked 
from the end of the camera; there is, however, an 
objection to the use of this, which we should point 


to give a continuous spectrum ; it is therefore gene- 
rally better to work with the narrowest possible 
slit and prolong the exposure. 
A datum line for our normal spectra being neces- 
, we for obvious reasons fixed upon the D 
ium line; this may be conveniently taken by 
adding pure salt to the experimental solution, or by 
marge a sodium flame behind the spark. We 
ave photographed the D line of the spark spec- 
trum of sodium in ten minutes, we have also suc- 
ceeded in photographing the alpha (red) line of the 
calcium spectrum, thus ap tly there is no de- 


finite curve for the chemical activity of the 8) m, 
It is worth nations that our plates seem far more 
sensitive in the than in the green. 





For taking single spectra we have used a screw 


SPECTRAGRAPHS OF CHLORIDES. 





best adapted to the observation of iron and steel 
spectra. The result of these experiments is that 
we now take on an average six spectra in two or two 
and a half bours. 

By the application of photography lines which, 
if at all, are barely discernible in the visible part of 
the spectrum are recorded, and although it seems 
difficult to obtain the lines in the green and red end, 
this defect is more than made up for by the number 
of lines photographed in the blue and violet. We 
have made attempts to photograph the whole of the 
spectrum, and are hopeful of success. The photo- 
graphic branch of our subject is thus an important 
one, a sensitised plate being, as Dela Rue succinctly 
puts it, “‘a retina which never forgets.” 

Both the wet and dry processes have been tried by 
us with varying success, The manipulation of wet 
plates is an objection to their use. Even when tinted, 
as recommended by Dr. Vogel, we did not discover 
any marked benefit, so after repeated trials we have 
— dry plates in all our experiments ; various 
kinds have been used, the uranium plates we found 
gave the greatest length of spectrum, but this ad- 
vantage was counterbalanced by difficulties in their 
manipulation. We now exclusively use Swan’s dry 
plates with the ferrous oxalate developer. We 
find them certain at all times and extremely sensi- 
tive. We have never failed to photograph the D 
line in the flame spectrum of sodium, moreover their 
manipulation is as easy as it can well be. The plate 
is without previous preparation placed in the dark 
slide of the camera, exposed and transferred to the 
developer ; in a few minutes the spectrum appears, 
which only requires washing and fixing in the usual 
manner. When we used wet plates the exposure 

* See page 127 ante. 








out, viz., the natural cadence of intensity of the lines 

is destroyed. If it is desired to print a part only of 

o So a glass plate of corresponding tint 
in front of the slit may be used. “4 

With respect to focussing it is important to note 
that because the chemical are not identical with the 
visual rays, and also that the red end of the 
requires a shorter focus than the violet, the best 
position of the plate can only be obtained by actual 
trial, and to facilitate this we recommend inclining 
the plate in the holder to the vertical plane. By 
noting the angle and taking, say, three spectra so 
that the top and bottom spectra may be respectively 
within and without the focus, and noting the position 
of the images on the plate, a very close approxima- 
tion may be made, which only needs a second plate 
inclined in a similar manner to perfect the focussing. 

No fixed rule can be given for determining the 
necessary exposure (we vary it from three to twenty 
or more minutes), repeated trials must be made until 
the greatest number of lines the substance experi- 
mented on will give have been secured. 

It is important to saturate the points with the 
solution, and to continue without remoistening until 
the ignition of the carbons ; in so doing we obtain all 
gradations of temperature, from that at which hy- 
drochloric acid vaporises to the highest the coil will 
give, and, therefore, spectra of what may be termed 
successive volatilisations, If the carbons be mois- 
tened too much, lines may be lost, and if too little 
the continuous spectrum which the incandescent 
carbons are apt to form will concealthem. Practice 
alone can set us right in these matters. 

Varying the width of the slit in accordance with 
the degree of luminosity of the substance may be 
attempted, but with great care, as a wide slit tends 








motion for raising or !owering the camera; when 
coincident spectra are wanted, a shutter slit may 
be ene used. We have devised a 
simpler form of shutter slit than that ordinarily em- 
ployed (see Fig. 4). The number of images which 
may be taken with this slit is regulated by the size 
of the hole H, and their position may be easily ob- 
tained by a marked piece of paper stuck on one of 
the jaws of the slit. 


Fig. 4. 





The diagrams on the present page represent 
graphically the positions and intensities of the 
lines in our photographs as seen under the micro- 
scope. The chlorides of the metals were chosen as 
being best adapted to the requirements of iron 
works laboratories. The following is a résumé of 
the purification of the different elements. In all 
cases the purest chemicals and ents which 
could be obtained were used. As will be noticed, 
special precautions were taken to eliminate iron, 

marks also at this point on the taking of the 


spectra will be in place. 
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1. Aluminic Chloride.—P urest wire taken, dissolved 
in HNO,, filtered, p.p. with acetate of ammonia 
washed well, dissolved in potash, p.p. with HCl 
washed well, dissolved in HCl, and p.p. with NH, 
washed, finally dissolved in HCl. Nothing clearly 
visible with any of three direct vision spectroscopes.* 
Many plates taken. Exposure 20 min. 

2. Barie Chloride.—Fractionally p.p. as sulphate 
and reconverted. One of the easiest to take. Ex- 
posure 4 min. 

3. Cadmic Chloride.—Purest metal taken, dissolved 
in HNO,, filtered p.p. with H,S, treated with 
HNO,, dissolved in Hel, p.p. with NH, filtered, 
washed, part dissolved in NH,, and then after- 
wards dissolved in HC). Easy to take. Exposure 
6 min. 

4. Caleie Chloride.—Treated with alcohol, after- 
wards made neutral and boiled with acetate of 
ammonia, filtered p.p. with AmCo,, and dissolved 
in HCl. One of the easiest to take. Exposure 
4 min. 

5. Chromic Chloride. —Potassic dichromate ignited 
with lump sugar,} oxide dissolved in KHO p.p. by 
Am Cl, and dissolved in HCl. Very clear spectra 
with direct vision. Exposure 7 min. 

6. Cupric Chloride.—Electrotype copper taken and 
dissolved in HCl. Somewhat difficult to take on 
account of the bands, Exposure 8 min. 

7. Magnesic Chloride. — Magnesium wire taken, 
dissolved in HNO,, solution treated with SAm,, 
and oxalate of ammonia, filtered, Mg p.p. with 

hosphate of ammonia, and converted to chloride. 

t was difficult to avoid a continuous spectrum, the 
Mg Cl, seems to be reduced to the metallic state. 
A very bright green line is seen in the direct vision, 
which, however, we cannot well photograph. Expo- 
sure 2 min. 

8. Manganous Chloride.—Permanganate of potash 
taken, Mn p.p. by alcohol, treated with HNO,, 
filtered and dissolved HCl. Easy to take. Expo- 
sure 7 min. 

9. Nickel Chloride.—Metal taken, dissolved in HCl 
PR. with SAm,, p.p. treated with HCl, dissolved in 

YO,, made neutral and treated for separation 
from cobalt by cyanide. Easy to take. 
7 min. 

10. Plumbie Chloride. — Carbonate dissolved in 
HNO,, and part p.p. as chloride. Somewhat diffi- 
cult to photograph. Exposure 8 min, 

1l. Palladious Chloride.—Chloride received con- 
sidered as pure. Spectrum in direct vision very 
like that of iron, Exposure 6 min. 

12. Antimonious Chloride.—Metal used, oxide ob- 
tained with HNO, well washed from solution dis- 
solved in HCl p.p. with H,S and treated with Am 
CO, oxidised with HNO,, and boiled with tartaric 
acid. Not easy to take. Spectrum in direct vision 
not very decided. Exposure 10 minutes. 

13. Vanadous Chloride.—Chloride received con- 
sidered as pure. Nothing decidedly visible in any 
of the three direct vision instruments, Exposure 
20 minutes, 

14. Zincie Chloride.—Chloride taken, boiled with 
acetate of ammonia. Zinc p.p. in acetic acid solu- 
tion, p.p. ignited and dissolved. Very easy to take. 
Exposure 7 minutes, 

15. Bessemer Steel—Dissolved in aqua regia, and 
well boiled. Very easy to take. Exposure 6 
minutes, 

Every ordinary care was taken in the preparation 
of these test solutions, and although it was not ex- 
pected that they should be spectroscopically pure 
even with our own instrument, it is thought they 
are sufficiently so for the purpose in view. e have 
represented every line which the microscope would 
reveal, and although only the characteristic lines 
are required, it was considered best in this first 
diagram to approach actual photographic enlarge- 
ments as nearly as diagramatic means would allow. 

The differences in the length of the lines repre- 
sent differences in intensity; the accompanying 
sketch, Fig. 5, in which the ordinates correspond to 
the different intensities, shows how these latter have 
been measured.{ The irregular patches occurring in 

* 1. Large Bessemer spectroscope. 2. Smaller Bessemer 
» aati 3. Pocket Bessemer spectroscope with side 


le. 
+ The purity of some commercial loaf sugar is very re- 
markable, 30 grammes of one sample left no visible ash on 
ignition. Advan was taken of this result, and we pro- 
posed to mix our solutions with , thinking its continuous 
carbonisation might be made to the place of our char- 
oval a. Time has prevented us furthering this pro- 
mising idea. 
I We are indebted to Mr. Ellison for this and many 


other excellent s ions, in short for hearty co-opera- 
ky eee on 


xposure 








the spectra represent bands, these however do not 
take the prominent position in the images that they 
doon the map. It would have been better to repro- 
duce the photographs by direct photographic pro- 
cesses, but this has not at present oe found practi- 
cable. We think the diagrams on the preceding page 
will be found sufficiently correct for single prism 
spectroscopes, these are in our opinion of sufficient 
dispersive power for the detection of any element. 





Coo i 





In drawing the spectra the lines were produced 
into the scale by the use of a hair placed in the 
focus of the front lens of the eye-piece of the micro- 
scope; with a l-in, objective, the 4th of a division 
could be read off. 

We give a spectrum of Bessemer steel to show the 
difficulties of identification occasioned by the great 
number of its lines. After much experimentation 
we have come to the conclusion that with a small 
spectroscope the iron must be in great part if not 
wholly removed before the spectra of minute quan- 
tities of impurities can be at all satisfactorily re- 
cognised. We have added various quantities of a 
solution containing copper, cadmium, calcium, alumi- 
nium, and zinc to a steel solution, and have found 
that when less than one per cent, of those bodies 
were present it was generally difficult to recognise 
them. Our results on this point are analogous tothose 
of M. Cazin* who has examined the spectra of gases 
under various pressures; he remarks, ... . ‘* the 
solid particles derived from the electrodes and walls 
of the containing vessel become more and more abun- 
dant as the pressure increases, their continuous 
spectrum augments in brilliancy, and they eventually 
overpower and render invisible the fainter linear 
_—s of the gaseous particles.” In addition to this 
there is another reason why such lines cannot be 
recognised, namely, the number of iron lines is so 
great that the position of many lines due to impurities 
cannot well fe differentiated from those of iron. 
It is not difficult to determine copper, calcium, zinc, 
or manganese lines when they have been added 
separately to a steel solution, and the foregoing re- 
marks are further qualified by the following experi- 
ment: Four spectra were taken with our slit for 
coincident spectra. No. 1 was from an assay button 
from Porman ore. 2. Chromium steel. 3. Bessemer 
steel. 4. Tool steel, Each spectrum had a cha- 
racter though they had much in common. We 
must, however, at present reserve the details of this 

late. 

. The difficulties of freeing the solution from iron 
are great, in consequence of the physical influence of 
mass. We have evaporated to dryness the filtrate from 
the ordi bromine eee of manganese in 20 
grammes of steel, and after taking every precaution 
we found the residue so obtained was not only not 
weighable, but gave no characteristic lines when 
submitted to spectroscopic test. Now, taking in 
view the very varied nature of substances entering 
the modern blast furnace, it is certainly to be ex- 
pected that the composition of its i ucts is less 
simple than is ordinarily supposed. e conclusion, 
therefore, is that the impurities are in greater part 
overlooked in chemical analysis. This may be due 
to one or both of the following causes: 1. ‘They are 
precipitated in combination with other elements, 
chiefly perhaps with the iron. 2. They are evolved 
as gases in some stage of the analysis. The means 
by which we have tried to eliminate the iron have 
been successful, but we must reserve their descrip- 
tion for our next paper. We propose to investigate 
the latter alternative when time will permit. 








MINERAL WEALTH OF EUROPEAN 
RUSSIA.—No. IV. 
IRON AND MANGANESE. 

Iron and manganese wey a | take their place 
after coal in our review of European Russia’s 
mineral deposits. Nor is it are easy to separate 
the two subjects, for as we have had occasion to see 
when describing the Donetz district, coal and iron 
are not only very generally brought together in 
metallurgical processes, but they are often found in 
close connexion in the carboniferous strata. A glance 


* Comp. Rend. Ixxxiv., 1151-1154. 








at the map we lately published (see page $9 ante) will 
show that Russia is by no means dependent for iron 
ore on carboniferous formations alone. Deposits of 
various kinds abound in several districts of the 
empire. Where no coal is found in the immediate 
neighbourhood of the ironstone, forests are ready 
to supply the necessary fuel for the ore’s reduction. 

The impulse given of late years to the Russian 
metallurgy by the high protective duties at present 
in force, naturally tends to diminish gradually the 
demand for foreign supplies. Although Russia 
cannot, for the future, be counted upon as a market 
for our coal and iron, it is satisfactory to note that, 
at present at least, notwithstanding the efforts of 
Continental competition, we hold a prominent 
position on the list of yearly importation. 

The amount of coal imported in 1876 was over 
1,400,000 tons, of which Great Britain supplied 
1,030,000 tons. Of the 49,000 tons of cast iron 
that passed the frontier we furnished very nearly 
two-thirds. The wrought iron imported amounted 
to 140,000 tons, of which we only supplied 49,000 
tons, whereas Germany figures for about 57,000 tons. 
Finally we furnished about one half of the steel and 
steel rails, that amounted in all to about 164,000 
tons. The French have of late years done very 
little business in iron and steel with Russia. Large 
firms, such as the Creusét, that not many years ago 
executed most extensive orders for Russia in 
almost every branch of the iron and mechanical 
trade, very keenly feel that those good days have 

sed and are never likely to return, 

Besides the importation we have mentioned, the 
national produce that remains in the country is 
already considerable, and every day increases. 
The facilities alluded to above, coupled with the 
natural wealth of the mineral districts, have tempted 
many well-organised ie to establish exten- 
sive foundries in the different provinces we shall 
hereafter mention. Some statistical data concern- 
ing this development of iron metallurgy of Russia 
will show how constant the progress has been, and 
we may add that, judging from the activity dis- 
played in certain centres at the present moment, the 
output in every branch is likely to augment more 
rapidly in future. 

The amount of ore raised during the last ten 
years is shown in the following list. It will be 
remarked that whereas the quantity of ore has 
about doubled, the number of mines worked have 
not by any means increased in the same degree, 














Number of Amount of Ore 
Year. Mines. raised. 
tons. 

1867 ‘ca 603, 

1868 1033 675,700 
1869 1165 698,000 
1870 1283 798,600 
1871 1180 793,700 
1872 1270 893,800 
1873 1196 902,000 
1874 1387 934,800 
1875 1346 1,064,300 
1876 1311 1,011,800 





The amount of cast iron proceeding from Russian 
furnaces has increased in the same proportion. It 
attained 287,000 tons in 1867, and in 1876 was a 
little over 442,800 tons. Of these only 16,400 tons 
were smelted by means of coal. For the remain- 
ing 426,400 tons charcoal alone was employed, 

f we consider how this production is distributed 
over the whole country, we find that the Oural 
district is of all the most important. The following 
numbers give a fairly correct idea of the relative 
metallurgical development of each mining centre: 


Cast Iron 

Produce, 1876, 
tons. 
Government establishments (Russia) ... 232 
” ” (Poland) eee 6,046 
Emperor’s properties ... — «.. Shi 1,673 
Private enterprise: Oural district... 263,000 
” 99 Central Russia ... 55,235 
” ” West and south ... 19,056 
” ” Poland = «. = 24,469 
” ” Olonietz ... ove 703 
Finland ... ove 24,400 


The large output of the Oural district is entirely 
owing to the activity displayed in the county of 
Perm, where no less than 230,000 tons of cast iron 
are produced. The Nijné-Tagnilsk establishment, 
belonging to M. Demidoff, is situated in this part of 
the country. It will be remembered that the ex- 
hibit of these works at Paris, last year, was 
both extensive and interesting. We shall refer to 
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these works as completely as our rather scanty data 
will allow, after giving some general notes relating 
to the Oural centre. 

The total amount of wrought iron of every de- 
scription has also, during the same period, almost 
doubled. In 1867 the manufacture amounted to 
187,780 tons, whereas in 1876 it attained 291,904 
tons, distributed as follows: 

Wrought Iron 

Produce, 1876. 
Tons. 
Government establishments (Russia) ... 13,595 
” ” (Poland) eee 1,468 
Emperor’s properties... eee ~ 748 
Private enterprise: Oural district ... 165,590 
Central Russia ... 28,927 


2? bed 


” pe South <- bind 21,430 
99 pe Poland = ‘a 16,301 
mn a Divers districts ... 30,477 
si me Fi dis ee 13, 


The manufacture of steel has increased far more 
rapidly, and, considering the numberless applications 
of this material, this is not to be wondered at. In 
1867 only 6264 tons of steel were made in Russia, 
whereas the returns for 1876 were a little short of 
18,000 tons. But the way this production is 
divided is somewhat different to what has been said 
for the cast and wrought iron. Tthe Government 
of Perm, a long way ahead of the other districts in 
the other manufactures, appears here to fall off 
to a certain degree, The distribution stands as 
follows : 


Steel Pro- 

duce, 1876. 
Tons. 
Government establishments (Russia) ... 1,212 
Emperor’s properties... ms ove 16 
Private enterprise: Oural district ... 4,665 
= fa Divers districts ... 11,593 
a Finland ... ooo 48 


We have said enough to show that the iron trade 
is by no means a new industry for most of the 
Russian mining centres. Many iron works have, it 
is true, been hitherto badly managed and in some 
cases altogether deprived of modern processes. But 
some few are already organised in a totally different 
way, and many appear most willing to apply to 
foreign capital, as well as to foreign metallurgical 
knowledge, for all that is required to modify the 
present imperfect mode of working. Within the 
last few years several companies have been formed 
in Paris to develop the iron trade in Poland, Oural, 
and Finland. Some are already in the full swing 
of activity, others are still in the period of- prepa- 
ratory workings, but we have every reason to be- 
lieve that the development of Russian iron smelting 
will now continue its onward course without further 
interruption. The consequence must doubtless be 
that, before very long, the importation of iron 
and steel will gradually dwindle away to nothing. 
Having given a statistical outline of the Russian 
iron trade, we shall now proceed to review the 
different districts and centres of production. We 
commence by the smaller and less developed dis- 
tricts. The more interesting Oural centre will close 
our review of the Russian iron deposits. 

Caucasian District.—This portion of the empire 
has not, it is true, been mentioned in our intro- 
ductory remarks as an iron producing country. 
Some small smelting works were, however, esta- 
blished in 1860 by M. Lieb at about 45 miles to the 
south-west of Tiflis. The ore consists principally 
of oligist iron found in the Tchatah mine, as well as 
in smaller deposits of the Dara-Dag mountain. In 
1866 the amount of cast iron obtained in M. Lieb’s 
works was about 500 tons; in 1874 the yearly pro- 
duction had dwindled down to about half. The 
establishment is, therefore, far from being pros- 
perous, notwithstanding many favourable circum- 
stances. The ore raised is both plentiful and of 
good quality, and the right to 25 square kilometres 
of forest insured M. Lieb against any want of fuel 
for smelting purposes. Capital and judicious 
management appear to be alone required to bring 
about a complete change in the present state of this 
concern, where two blast furnaces have been erected 
capable of producing 3 tons of cast iron per day. 
The motive power required is obtained from four 
water wheels, 

These works are in themselves of little interest, 
nor shall we give them any further attention. The 
ore deposits are far more worthy of being dwelt 
upon, of which the most interesting is the 'I'chatah 
mine. A glance at the annexed section will suffice 
to explain the nature of the formation. The sur- 
rounding country consists of dioritic porphyry, in 
which an elliptic mass is found impregnated with 
oligist iron. The deposit is about 25 metres wide, 





and its bearing is 40 deg. N.W., with underlay to 
the N.E. The total length of the mass is not 
exactly known. The following indications will 
suffice to explain our illustration. 





a. Dioritic porphyry with crystallised orthose. 


4. Decomp orite impregnated with oligist 
iron, 

c. Diorite also impregnated with the same ore 
and containing bunches of rich oligist ore on the 
hanging wall; 35 is the average percentage of this 
portion of the deposit. 

d. Compact mass of crystallised grains of oligist 
iron with small addition of gangue averaging 60 
per cent, 

e. Dioritic rock strongly impregnated with ore on 
the foot wall. 

J. Portion of hard diorite, penetrated by small 
veins and bunches of ore, rich enough to be worked. 

The Dara-Dag deposits have as yet been slightly 
investigated and are only known by their outcrops 
or backs. These deposits appear to be of a similar 
character to that of the Tchatah mine. 

Manganese has also been found in the Caucasian 
range. Further north, in the province of Kutaiss, 
a somewhat uncommon deposit of this ore has been 
worked in the Kwiril valley. The peroxide of 
manganese (pyrolusite) is found in a compact bed, 
averaging 3 ft. in thickness, in sandstone of the 
middle tertiary epoch. The following description 
gives a correct idea of the relative positions of the 
horizontal and undisturbed bed of manganese ore, 
and of the older formations found below. Imme- 
diately under the sandstone come strata of limestone 
containing fossil remains of ananchytes ovata; below 
again, older beds of limestone are found with 
caprotina ammonia fossils. ‘The ore is compact, 
generally aehy. but at times has a fine grained 
appearance. colour varies from steel grey to 
iron black, its composition is as follows : 

Manganese, from “ oo 54.9 to 50.0 








Iron oe ae ae a ee 
Oxygen pa sat wie sin 31.8 ,, 34.3 
Gangue “ Sas ‘a rw 11.8,, 5.7 

100.0 100.0 


Not far from the village of Tchiatour some ex- 
tensive nests or bunches, in some cases 10 ft, thick, 
have been met with in the limestone. The ore is 
composed of : 


Manganese ... ave baa wr sa 49.7 
Iron. oo ove ood ose ose 1.5 
Oxygen ove si a . 28.6 
Gangue (principally limestone) 20.2 


South Russia.—We have seen in our introductory 
article that, although covered in a great measure by 
a thin coating of tertiary deposits, a e portion 
of the south of Russia is formed of granite and other 
eruptive rocks. This is manifest whenever the 
effects of erosion have been of sufficient intensity to 
clear away the sedimentary strata. 

In the province of Ekaterinoslau, in the neigh- 
bourhood of the rivers Sauxagane and Ingouletz, 
the uncovered granite and crystalline schist have 
been found to contain deposits of iron ore. Not 
far from Krivoi-Rogue, and extending over a space 
of about 8 miles, the old metamorphic rocks form a 
basin where quartzites, slaty oligist iron, itacolumite, 
magnetic iron, as well as red and brown hematite, 
are met with. From the descriptions given of these 
deposits they must be very extensive. The ore 
appears in stratified beds in the crystalline schist, 

owards the centre of the basin a thick layer of 
oligist iron measures no less than 21 metres ; further 
on is found a deposit of magnetic oxide from 15 to 
17 metres in thickness. At the extremity of the 


basin other very thick deposits of oligist iron and|} 


magnetic oxide render this district of no slight in- 

terest. The most remarkable of all these outcrops is 

situated on the borders of the Ingouletz river, and 

has been calculated to contain a fabulous amount of 

very excellentore. The following analysis will give 

ome idea of the contents of the iron ore of this 
istrict : 


No.1. No.2. No.3. 
Metalliciron... .«. #6742 65.83 59.09 
Scie: ecb) *: pace 2.13 3.26 11.62 
Alumina 1.34 2.84 3.71 
Sulphor 0.018 0.015 0.014 
Phosphorus 0.0383 3.030 0.038 





Further south, in the Government of Tauride, 
similar deposits of magnetic iron and of red and 
brown hematite have been found in the district of 
Korsake - Mognila, on the borders of the River 
Korsake. These deposits are not as well known as 
the preceding ones, but they contain good ore, as is 
shown by the two following analysis: 

No. 1. No. 2. 


Metallic iron ... a sis 67.38 66.32 
M ese... ies srs 0.04 0.19 
Sulphur op - eve 0.023 0.074 
Phosphorus ... «. dias Traces. 





CIVIL ENGINEERING AT THE PARIS 
EXHIBITION.—No. IX. 
THE Tovuton Gravine Docks, 
(Concluded from page 817.) 

BeEForE the caissons could be put in place, the 
ground had to be excavated to a sufficient depth 
to receive them, and this was a work of considerable 
difficulty, and involved the necessity of removing a 
large amount of material. The depth of the exca- 
vation varied from 30 ft. to 60 ft., and the nature 
of the ground rendered the operation a difficult one. 
At the site the soil is composed chiefly of flints 
cemented together with clay and sand, and broken 
up by irregular horizontal deposits of calcareous 
conglomerate. A special dredging machine was 
constructed at Toulon for this work; this machine 
was illustrated by us in our two-page engraving of 
February 14 anée, and also on the next page. It 
embodies most of the leading features in the machines 
made by M. Hersent for the excavations at the port 
of Boulogne-sur-Mer, and for the Danube regu- 
lating works at Vienna. The dimensions of the hull 
are as follows: 


ft. in. 
Length ose ove si sad 28-3 
Breadth eee eee eee oe oe 21 4 
Depth oe we 8 8 


Draught of water ... ose Se a 38 7 

In this vessel is a 50-horse power, high-pressure, 
surface condensing engine, placedon the deck. The 
boiler is of sufficient capacity to supply a second 
six-horse power engine for working the winches 
used for lifting the bucket arm, and those for general 
requirements, These are placed in the forward part 
of the boat, so as to leave the after portion clear for 
working. The bucket arm is 82 ft. long. and is 
adapted for dredging to a depth of 59 ft. It is left 
free to traverse in an opening in the bottom of the 
hull, and is so arranged that it can be placed almost 
vertical without altering the position of the buckets 
at the point of contact with the long discharging 
trough. As will be seen by the illustration already re- 
ferred to, there is placed just above the well or open- 
ing in the hull a large guiding wheel which causes 
the buckets to descend always in the same position, 
no matter what may be the angle of the arm. The 
guiding wheel was first introduced in the Danube 

edges; it was foundto be of great advantage, since it 
allowed of dredging at different angles without any 
change being necessary in the buckets for discharg- 
ing; it also relieves the strain on the chain in 
dredging with the arm set to a considerable angle, 
The bottom bucket drum is formed with eight sides, 
an arrangement which holds the buckets sufficiently 
long to their work. The buckets themselves are 
similar to those used on the Danube, they are of 
steel, and have a capacity of 8.75 ft. ; as will be seen 
the hooks are mounted on the chain between each 
bucket to assist in breaking up the ground, and to 
render the work on the chain as uniform as possible. 
In rising, the buckets bear on a series of rollers in the 
arm, the upper roller forming the top drum being 
larger than the others, In its regular work this 
dredging machine raises about 500 cubic metres of 
material per day of ten hours, and, counting all = 
from various causes, equal to about 2} hours. e 
driving drum has a speed of six revolutions per 
minute. As the capacity of each bucket is 8.75 
cubic feet, it will be seen that they are always work- 
ing up to 33 per cent. of their full capacity when in 
movement, and to 25 per cent. during the whole ten 


ours, 

The barges used for transporting the material ex- 
cavated of iron with double sides; their capacity 
is somewhat less than 2000 cubicfeet. The dredged 
material is either delivered on a spoil bank on the 
adjacent ground, or used to make up earthwork 
where required; for this latter purpose a floating 
distributor is apa vn with means for or oe 
the material through a long trough, and whic te 
illustrated by the two-page engraving we publish 
this week, and also in our issue of May 2. This 
apparatus is placed on two iron huils at a sufficient 
distance apart to allow a loaded barge to pass 
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between them to be discharged. The platform, 
which serves as a support for the staging carrying 
the elevators, is supported by a system of transverse 
lattice girders ng across the two hulls. The 
bucket arm and buckets are arranged as shown in the 
drawings, and there is also a guide wheel beneath 
the bucket chain, as in the dredging machine. This 
machine is worked by an 18-horse portable engine 
which drives an intermediate shaft on which is a 
pulley connected to the top bucket wheel shaft with 
a pitched chain. This means of transmission, the 
simplest that could be adopted, gives good results, 
and costs little for maintenance, The long trough 
distributor shown in Fig. 4 consists of a steel 
tube 173 in. in diameter, supported from a jib by 
means of a number of guys. A pump driven by 
an ]18-horse power engine, supplies about 70,000 
gallons an hour, which is delivered into the tube, 
and serves asa medium for transporting the material 
raised by the buckets. A slope is given to the tube 
of from ] in 8 to ] in 10, and two volumes of water to 
one of material; the work proceeds without inter- 
ruption, the largest stones raised being easily trans- 
ported. If the excavated earth be light in character 
a flatter slope is sufficient. It is worthy of remark 
that the flint and small stones discharged in the 
manner described, are washed so clean in the process 
that they can be employed at once in the béton, 
while the eand only requires a second washing. 

The operation of sinking the caisson is regulated 
by the construction of the permanent masonry 
within it. This is laid in sucha way as to distribute 
the load over the whole surface as equally as 

ible ; the sides and bottom of the caisson are 
ined as quickly as possible to diminish the effect of 
expansion and contraction. In order to observe as 
exactly the longitudinal and transverse deflec- 
tions of the caisson, so-called “‘ immersion scales” 
were fixed outside the structure, and carefully 
observed every hour, so that any undue strains 
may be at once removed. As soon as the caisson 
was sunk to a depth of about 59 ft. its lower working 
chamber was filled with compressed air, in order 
to enable workmen to examine the bottom, and 
——_ its surface by the removal of mud, stones, 

c., for receiving pomemnty the dock. To dis- 
place the water from nine compartments under 
the dock floor, twelve air compressors were em- 
The mud to be cleared away was removed 

y means of a syphon with an insignificant ex- 
penditure of air, and the stones, &c., were 
through the air lock of the chamber. After the 
bottom is levelled, the béton for filling up is in- 
troduced through the locks. 

The plant established for the construction of these 
docks is as follows: 1. A construction and repair- 
ing shop for the dredging machines, barges, &c. 








2. The dredging plant made on the site, and the en- 
gine power of this is partly available for working the 
air compressors. 3. Mortar and béton mills, and 
a system of railways between the quarries and the 
site of the docks, 4. The air compressing plant for 
the compressed air chamber, requiring in all engines 
of 240 horse power. ‘ 

The following is an approximate estimate show- 
ing the extent of the undertaking. 

1. An iron caisson of about 60,000 


square feet area, and weighing 
. — is y os 2400 tons 

xcuvations to a de ing 

from 33 ft. to 59 tt., ogull to 

about ae mn bi ... 98,000 cub. yds. 
3. Béton ... ine vie ... 830,000 cub. ft. 
4. Masonry . 1,400,000 ,, 


5. Dressed stonework ... me ae s pe 

The cost of the work is estimated at 150,000/. for 
each of the two basins. 

The plant employed may be summarised as 
follows: 


Horse power. 
Two pumps, and engine driving them, equal to 30 
One engine for repair shop ote ac in a 
Two hoisting engines... eve ale oe 20 
One dredging machine, working to a depth of a 
59 ft. ... a ties eee oe 8 cw 
One discharging vessel ... 40 
One steam tug _... a. e 25 
Three mortar mill engines Ba ca .. 25 
Twelve air compressors worked each by a 20 
horse power engine ded son oe 
Total w-. 442 





RAILWAY ROLLING STOCK AT THE 
PARIS EXHIBITION.—No. IX. 

Tue Paris and Orleans Railway Company were 
the exhibitors of two vehicles, namely, a first-class 
carriage and a luggage van, both constructed at the 
works of the company from the designs of M. V. 
Forquenot, the locomotive superintendent of the 
line, and both excellent specimens of workmanship. 
The first-class carriage was one of a type which the 
company have adopted for their express service 
between Paris and Bordeaux, and which has been 
specially designed to afford comfortable accommo- 
dation on long journeys. The body, which is 
29 ft. 83 in. long by 9ft. Qin. wide, outside, and 
6 ft. 93 in. high, inside, at the centre, is divided into 
four compartments, of which two are ordinary first- 
class compartments carrying eight passengers each, 
while the third is a sleeping compartment fitted up 
with three beds, a lavatory, and water-closet, and 
the fourth a coupé with four seats. All the com- 
partments are exceedingly well fitted up and very 
eomfortable, the great width of the carriage giving 
ample accommodation for four passengers on each 
seat of the ordinary compartments, The number of 


pane carried is, as will be seen from what we 
ve said, twenty-three, and the floor area is 
234} square feet, or nearly 10.2 square feet per 
passenger. The framing of the body is of teak, with 
the exception of some long pieces, which are of 
pitch pine. Each compartment is lit by two lamps, 
the vehicle exhibited being fitted with three reservoirs 
for carrying a supply of compressed gas on the 
system of MM. Hugon and Co., a system which the 
Paris and Orleans Company are testing between 
Paris and Bordeaux. 

The frame of the carriage is of oak, the soles, 
however, being stiffened by iron plates bolted to 
their outer side. The soles are 1] in. by 4.4 in., and 
the stiffening plates are 1] in. deep and 0.31 in. 
thick. The total length of the frame is 32 ft. 11 in. 
over buffers, and 28 ft. 10} in. over headstocks, 
while the length of the headstocks is 8 ft. 63 in., and 
the distance apart of the soles is 5 ft. 1lgin. The 
headstocks are llin. deep by 4.72in. thick. The 
frame is mounted on easy springs 7 ft. 4.6 in. long, 
and consisting each of eleven plates 3.54 in. wide by 
0.47 in. thick, these springs having a deflection of 
3.54 in, per ton of load. The spring links carry their 
load through the intervention of india-rubber auxi- 
liary springs, and india-rubber cushion springs are 
also interposed between the body and the under- 
frame. So far as we are aware, the use of these 
india-rubber springs between carriage bodies and 
the underframes—now so generally used—originated 
on the Paris and Orleans Railway, they havirg been 
applied to first-class carriages on that line as early 
as 1856. To still further guard against noise, the 
floor of the carriage is made double, the space 
between the two floors being packed with materials 
which are bad transmitters of sound. The roof of 
the carriage is also double, there being an air space 
left between the two roofs. : 

The buffer springs in the carriage we are describ- 
ing are 5ft. 10.8in. long, and consist each of 18 
plates 3.95 in. by 0.39 in., the flexibility being 2.8 in. 
per ton, and they being put into place with an 
initial load of 2.4 tons. ‘The draw-springs are in- 
dependent of the buffer-springs, and are very stiff, 
they being each 2 ft. 10.7 in. long, and composed of 
seven plates 3.95in. by 0.39in. The deflection of 
these springs is } in. per ton, and they are mounted 
with an initial load of 2.2 tons. This arrangement 
of separate buffer and draw-springs is one which 
has long been used on the Paris and Orleans 
line, a first-class carriage, No. 435, shown by 
that company at the 1862 Exhibition, having been 
fitted with it, The carriage with which we are 
now dealing is mounted on four wrought-iron 
disc wheels, 3 ft. 5in. in diameter, and fitted with 
steel tyres. ‘The wheel base is rather long, namely, 
18 ft. O}in, The axles are of iron, 492 in. in dia- 
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FRANCE. 


CONSTRUCTED BY THE CHANTIERS DE LA BUIRE, LYONS. 
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meter in the middle, 5.9 in. at the wheel seats, and 
with journals 3.94 in. in diameter by 7.87 in. long. 
The weight of a pair of wheels with their axle is 
1 ton, and the weight of the whole vebicle empty 
is 1] tons, the weight per passenger being thus 
9.6 cwt, 

The luggage van exhibited was of a somewhat 
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special type, it being intended to be placed at the 
head of the train, and employed for the conveyance 
of luggage for intermediate stations. At the front 
it is provided with a compartment for a “ greaser” 
accompanying the train, and with a dog-box, while 
at the rear there is a passenger compartment divided 
by a central longitudinal partition, one half con- 








eee | le 


taining seats for two passengers, while the other is 
a water-closet. The underframe of the luggage van is 
of the same type and dimensions as that of the first. 
class carriage of which we have been speaking, the 
only difference being that the bearing springs are 
less elastic, they being 5 ft. 10.8in. long, and con- 
sisting of 12 — 3.54 in, Sage in., their deflec- 
tion per ton being 1.65 in. e van exhibited was 
fitted with the Heberlein brake, applied to cast-iron 
brake blocks, there being two blocks to each wheel. 
The weight of the van was 12 tons empty, or 18 tons 
loaded. 

The Western Railway of France was extensively 
represented at the Paris Exhibition both as regards 
engines and rolling stock. The examples of the 
latter included a first-class and composite carriage 
together with a covered goods wagon and a coal 
wagon exhibited by the company, and a first and 
second-class carriage and a platform wagon, con- 
structed on the company's plans, but exhibited by 
private makers. F 

The first-class carriage exhibited by the company 
was made by MM. Desouches, David, and Co., of 
Pantin (Seine), and had four compartments - 
ing eight passengers each, the fitting up of the 
compartments being practically the same as in the 
case of the first-class carriage for the same line of 
which we published a two-page npn in our 
number of April 25th last, and which we duly de- 
scribed at the time (vide page 341 ante). The car- 
riage, with which we are now dealing, however, 
having one more compartment than that we lately 
illustrated, the body was much longer than ia the 
latter case and the wheel base also. The wheel 
base was in fact unusually long for a four-wheeled 
vehicle, being 17 ft. 94 in. ‘lhe frame was of the 
composite type, the soles being of iron of channel 
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section, and the rest of the frame of wood. We 
give in the Table annexed the chief dimensions of 
this carriage, which taken in conjunction with the 
engravings we lately published will explain its con- 
struction clearly. The draw-springs, we may remark, 
are mounted with an initial compression of 2.06 tons, 
which is increased to 2.4 tons . about four turns 
of the screw coupling. The Western Railway 
Company are rather particular about this point, 
and a mark engraved on the buffer rods shows when 
the desired tension of the draw-bars has been ob- 
tained. We may add also that the carriage was 
fitted with the Westinghouse automatic brake, 
which has been regularly adopted by the Western 
Railway Company. Altogether the carriage was a 
very comfortable vehicle and well finished. 

TABLE giving Dimensions 4 First-Class and Composite 
Carriages exhibited by the Western Railway of France. 





——_—————— 








‘irst- : 
Class of Vehicle. _— a 
No. 860 ’ P 
Frames : ft. in. ft. in. 
Length over buffers .. | 30 4.2 26 11.6 
- - headstocks | 26 88 23 3.7 
Distance apart of soles «| 5 11.6 . — 
~— 
Length of headstocks... 8 7.5 { Poe a 
o> 
Depth of soles (iron, channel 
section sit ps. .1| 0 9.25 0 9.25 
Width of soles (iron, channel 
section) i ose .| O 3.54 0 3.54 
Thickness of soles (iron, 
channel section) _... ..| 0 039 0 0.39 
Depth of headstocks (wood)...) 0 9.84 0 9.84 
Thickness __,, od | 0 3.94 0 3.94 
Bearing Springs: 
Number of paates ea gid 14 12 
Width P- eco -| 0 3.54 0 3.54 
Thickness _,, vin «| 0 0.39 0 0.39 
Length of top plate between 
centres of eyes a 6 6.7 5 06 
Deflection per ton of load 0 3.54 2.16 
Buffer Springs: 
umber of plates eee “ 13 13 
Width os ‘al «| 0 2.95 0 2.95 
Thickness ,, 0 0.438 0 0.43 
Length of top plate 5 8.9 5 8.9 
Deflection per ton ad 0 2.95 0 2.95 
Draw Springs (formed by 
coupling the buffer springs) :, 
Effective length ade a 8 OS 3 3.37 
Deflection per ton 0 0.49 0 0.49 
Body: 
Length outside... as ...| 27 1.6 22 11.6 
Width » at centr on 2 6s 8 99 
- 96 ends ~ 8 &.7 8 8.7 
Clear height inside at centre...| 6 4.8 6 4.2 
1 Ist class 
9 
Number of compartments Four Hr) ee 
1 Luggage 





Number of passengers per 8 _ class x. 
compartment one é 3rd 20 
Total number of passengers 
carried ii hie ~ 3t 


32 
Floor area -|214.78q. ft.|185.6 sq. {t.* 


o per passenger car- 


ried 6.6 ” 4.38 
Wheels and Axles: ft. in. ft. in. 
Diameter of axle bearings 0 3.94 0 3.15 
Length Pa - aa Oe 0 63 
Diameter of axles at centre ...) 0 5.12 0 4.53 
” * wheel seat} 0 5.71 0 5.12 
Diameter of wheels... «| 8 45 3 4.5 
Wheel base ee oe 17 9.5 12 3.6 
Weights, §c.: 
— of pair of wheels with 
axle... oes ove «| 18.6 ewt. 18 ewt. 
Weight of carriage empty ..| 9.7 tons.| 8.3 tons. 
Weight of load taking a pas- 
senger with baggage as 
averaging 1} cwt. ... Seok: Bb « ov 425 ,, ¢ 
Weight of empty vehicle per] 6.04 cwt.| 4.9 ows. 
passenger carried eee 
Cost of carriage at works £608t £400 
» ” per 
passenger carried a #8 16 £ 11 15s. 














* Of this total 148.8 square feet is the area of the pas- 
senger compartment, and 36.8 square feet that of the 
luggage compartment. 

t, This load is made up of 2.55 tons for passengers and 
their hand bagage and 1.7 tons for luggage carried in the 
luggage compartment. 

T This price includes the application of the Westing- 
house brake. 


The composite carriage exhibited by the company 
was one designed expressly for service on small 
branch lines, or which can be “slipped” at any 
station from a through train, and its arrangement is 


shown by the engravings which we give on page 433 
of our present issue. From these views it will be 
seen that the carriage includes a first-class coupé, a 
second-class compartment, two third-class com- 
partments, a compartment for luggage, and a covered 
seat at one end of the roof forthe guard. A dog-box 
is also fixed under the frame at one end. The chief 
dimensions of the carriage are given in the annexed 
Table, from which it will be seen that the wheel base 
has been kept down to 12 ft. 3.6in., so that the vehicle 
may be turned upon turntables 4.5 metres (14 ft. 
9.2 in.) in diameter. The first-class compartment 
carries four, the second-class ten, and the two third- 
class compartments twenty passengers, making 34 
in all. ‘The first and second-class compartments are 
both very comfortably fitted up. As will be seen 
from the longitudinal and transverse sections on 
page 433 the luggage compartment is made with a 
raised roof, louvres being provided in the sides of 
the raised portion and also in the doors. As in the 
case of the first-class carriage last spoken of the 
doors of the passenger compartments are recessed 
into the bottom sides of the body so as to give 
better access to the footsteps when open, 

The underframe is, like that of the first-class car- 
riage, of composite construction, the soles being 
channel irons and the rest of the frame of wood, 
The wheels are cast-steel disc wheels, and are fitted 
with cast-iron brake-blocks, the brake being worked 
from the raised seat for the guard at one end. The 
carriage is also fitted at each end with slip couplings 
(not shown in our engravings) arranged to be worked 
by the guard. The carriage was constructed by the 
Chantiers de la Buire, of Lyons, and it is a very 
handy vehicle for its special service. Of the other 
vehicles exhibited by the Western Railway Com- 
pany we must speak in a subsequent article, 








STEEL BOILERS. 
To THE EpiToR oF ENGINEERING. 

Srr,—I have read with great interest the reports in your 
last week’s issue of the papers read at the meetings of the 
Iron and Steel Institute. 

To those engineers and steamship owners who are 
anxiously seeking after information as to the practical re- 
sults of the introduction of steel for marine boilers, the 
papers read, and the discussions thereon, are somewhat 
tantalising. Mr. Barnaby, while admitting thé value of 
steel for shipbuilding purposes, og oy states the diffi- 
culties experienced by the operatives in the manipulation of 
steel angle bars. 

On the other hand, Mr. Martell presses home in language 
which bears no doubtful meaning, what are the opinions 
of a very high and controlling power as to the superior 
qualities of steel for shipbuilding purposes. 

I wish now more particularly to notice the remarks made 
by Mr. Parker, principal engineer surveyor to Lloyd’s Re- 
gistry. From these remarks I gather that Mr. Parker hasa 
very decided opinion on the subject, in regard to steel ; it is, 
in his opinion, the best material for marine boiler making. 
This opinion, coming from such a quarter, must necessarily 
carry considerable weight with it ; at the same time it must 
be borne in mind that there are still a great many en- 
gineers, steam shipowners, and others, who have not yet 
seen their way to recommend or adopt the new material in 
their boiler construction. ‘This hesitation or balting 
attitude does not arise from narrow-minded prejudice or a 
conservative attachment to old-established ways, but from 
want of correct information, and a very limited knowledge 
as to the results which have been arrived at in the working 
of the boilers which have been constructed and fitted (120 
in number) into steam vessels under the supervision of 
Lloyd’s surveyors. 

It would be a real benefit if all the public departments 
would imitate the example set by the Admiralty in giving 
expression to the practical difficulties experienced in the 
manufacture of either steel ships or boilers. 

Referring to Mr. Parker’s remarks, and to the description 
there given of the so-called mysterious fractures in the 
furnaces of two marine boilers (one furnace in each boiler) 
—see sketch, Figs. 1 to 3, ENGINEERING, page 415— 
the cause of the fracture is stated (by Mr. Parker) to 
be directly attributable to improper treatment. After 
showing fully and very satisfactorily how well the fractured 
plates stood all the required tests, it further states, ‘‘ He 
visited the Tyne himself for the purpose of investigating 
into the details of the case, and found that the furnaces in 
this case had originally been made about a } in. less in dia- 
meter than the ring of the front plates to which they had 
been attached.’’ Granted, but really this discovery was 
not very mighty after all. A 4-in. diameter was not great 
in a 3-ft. furnace when divided over 9 ft. cireumference. In 
a furnace made of best Yorkshire plates, or plates of equal 
uality, suchan error would never have been thought of by 
the most careful boiler maker. However, it is well and 
very necessary to point out what is necessary in the con- 
struction of steel boilers. 

I may here mention that from my own knowledge the 
plates in the two other furnaces did not crack, though 
treated in their construction in a similar way to the frac- 
tured plates. It is my humble opinion that the remarks 
would have been more valuable if the whole story of these 
fractured furnace plates had been given. The facts are 





well known on the Tyne, and if I am not misinformed, the 


story has very materially shaken the confidence of many 
= were ready and willing to give the new material a fair 


Well, the fractured plates, after a survey, were ordered 
by Lloyd’s to be removed, and new plates put in; the 
makers, willing to er made a vigorous and determined 
effort ; but after much labour and expense, it was dis- 
covered that the steel rivets if cut out elongated the rivet 
holes in the plates so much, that the plate was rendered 
useless—in short, it turned out that every steel rivet if 
ee to be taken out, must be drilled, and not cut out. 

t followed that as these boilers were nearly complete, to 
take out the defective furnace plates the boilers must be 
condemned. These facts were acknowledged by Lloyd’s, 
and after a second survey, it was arranged that the plate 
should be cut and shortened to the extent of the fractured 

arts (about 8in.), and Lowmoor pieces fitted. This was 
one, and a really good and sound job made of these 
furnaces. 

What I maintain is that these difficulties should not be 
covered over and kept in the background. They should 
be told, sothat they may be met, and if possible overcome. 
It surely is no trifling matter to be told that steel rivets 
cannot be cut out by the usual ready, though rough way, 
with a short steel set, and a flogging hammer, but that 
each rivet must be patiently drilled out hole by hole. The 
age of invention is not passed yet, and now that the fact 
is known, a new and suitable class of rivets may be dis- 
covered. 

There are other points raised in Mr. Parker’s remarks 
which are rather puzzling to an anxious inquirer ; he states 
as the result of careful observation that all parts of a 
marine boiler should be of one material. Now in the case 
of the fractured boiler there was no hesitation in recom- 
mending iron strips to be fitted; this was done, and with 
no bad effects as far as yet can be seen. Again, I have it 
on good authority that in the case of one “‘ three-furnace”’ 
marine boiler, lately constructed on the Tyne, the tubes 
were all of steel, and that in the course of a very few, say 
six months, a large number of these tubes had to be taken 
out, they were so much pitted. 

In my own knowledge two steel boilers have been fitted 
with iron tubes of the usual wire gauge, and after eleven 
months’ hard, honest work, they and the boilers are still in 
good condition. 

This question of boiler construction in steel cannot be 
settled off-hand ; and the best and surest way in my humble 
opinion is for all who have any experience either in the 
construction or working of such boilers is to make a faith- 
ful record of all facts bearing on the subject, and let them 
be known whether it tells in favour of or against such 
materials. 

Iam, Sir, yours respectfully, 


JAMES SPENCE. 
Newcastle-on-Tyne, May 20, 1879. 








THE MECHANICAL PROPERTIES OF IRON 
AND MILD STEEL, 
To THE EpiToR oF ENGINEERING. 

Srr,—I have read with much interest and close attention 
Mr. Adamson’s paper on the mechanical properties of iron 
and mild sceelin your issue of the 9th inst., and have ad- 
mired once more the sharp spirit of observation of, your 
practical engineers which has led to so many useful results. 
The following considerations, of which that paper has been 
suggestive, will, I think, throw considerable light upon this 
subject with which it deals. 














If (Fig. 1) we take two bars of flat iron of thickness a and 
of breadth b, bent at a given point of their length so as to 
produce a hole of radius r, securely fastened to one another 


>, the 


effect of that strain upon the bent portions will be to en- 
deavour to bring those fibres back into the straight line, 
and to subject them to a bending stress, which reaches its 
maximum value in the transverse centre line of the hole, and 
resolves itself into a tensile strain upon the inner fibres of 
the bars, and into a crushing strain on the outer fibres of 
the bars, so thatjif we call s the unit strain due tojthe direct 
action of the load W and § the unit strain due to the 
bending moment, we shall have the inner fibres loaded with 
a unit strain S+s, and the outer fibres with a unit strain 
S-—s; this at once explains the reason of the character of 
the fractures illustrated by Figs. 2, 4, and 8, pages 394 and 
395 of your last issue, and corroborates Mr. Adamson’s 
reasoning. 

Referring to my Fig. 1, and to the notations above given, 
we have 


at each end, and subjected each to a tensile strain 





Ww 
s= = 
ao 
and 
6W r 
g§= = -— ? 
a b* 
and 
6W rab 
=, - “ 6r 
s Ww ab? 7) 
whence 
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S:s::6r:b andS+s:8::6r+b:b, 
whence again éeab 
S+s=s ames 


and if we wish to have S+s—2s, orS=s we must make 


- =2, or 6 r=b. 

If now, instead of two flat bars of iron we take a perforated 
strip or plate of uniform thickness a, and of uniform cross 
section, the action of the weight W upon that plate will be 
similar to that upon the bars, with this difference, however, 
that the close connexion of the fibres at the points 77 will 
render more difficult the bending inwards of the fibres of 
the material round the hole, or in other words, will reduce 
the bending stress upon the fibres at 00 ; it may be assumed, 
probably with mathematical accuracy, that this bending 
stress will be reduced in the ratio of 2 to 1, as is the case 
in continuous girders, or in a girder whose ends are so fixed 
that a tangent to the direction of their fibres shall not alter 

















its direction under any load. In the case of the plate 
(Fig. 2), therefore, we shall have 


S+s=s ore), 


and if we wish to have S=s we must make b==3r. _ 

From this we draw the following general conclusion : 

“Tf a bar of uniform thickness and of uniform cross 
section, but provided with an eye in any portion of its 
length, be subjected to a tensile strain, under given con- 
ditions of safety for its straight portions, these conditions 
of safety will be reduced in the ratio of 2 to 1 for the sec- 
tion across the centre of the eye, if the hole in the eye be 
equal to one-third of the breadth of the bar.” 

If, on the other hand, we wish to make the bar of sucha 
section across the‘eye|that the maximum unit strain shall be 
equal to the unit strain in the straight part of the bar, if 
we call again S the unit strain due to the bending moment, 
and s, that due to the direct action of the load, we shall have 


to put 
; w 
2» 


8$+3,= =~ 
whence 


S.a.d+s.0.d=. 


Notwithstanding the difference of section which we shall 
get across the eye, we may assume that the leverage of the 


load ps will remain equal to the radius of the hole in the 


eye, and may therefore put 
gW 
5° 
B= oF’ 


d 
an Ww 


a= ab, 
where b, stands for the half breadth of metal across the 
eye and consequently 


Ww 
ees PRE: 
1 o* at, *°"35 
or 
b 
Sr —+_/=] 
"sat," 
whence 
3rb=b,2—b by. 


This leads us to a quadratic equation, and makes ; 
b= —4 Dt Nb rt 4b) 
and as we must have 5,=b, when r=o we see at once that, 
to comply with this condition, we must take the negative 
value for the quantity under the radical, and may therefore 
write : ; 
b.=4b4+ Vb (Br+4d) 
If, for example, we make : 
r=1 and b=2, we get b\=3.645 or b;=1.82 b 

_ t=1 and b=3, we get bj=4.86 or b;=1.62 b 
ae permits us to write down the following general con- 
clusion : 

_““ When a straight bar of uniform thickness, but pro- 
vided with an eye at some point of its length, is subjected 
to a tensile strain, if the maximum unit strain across the 
eye is to be the same as the unit strain across the straight 
portions of the bar, the section of metal across the eye must 
be 1.82 times or 1.62 times the section across the straigh 
portions of the bar, according as the diameter of the hole, 
in the eye is equal to one-half or to one-third the breadth 
of these portions of the bar.’’ 

The we considerations show us clearly the bad 
effects of large holes in bars subjected to tensile strains ; it 
remains now to be seen what the effect will be with two 
holes of the same aggregate areas or of the same aggre- 
gate diameters, but 1 must leave this for a future com- 
munication. 


if 


or 


I remain, Sir, yours truly, 


PERMANENT WAY FOR TRAMWAYS. 
To THE EDITOR oF ENGINEERING. 

S1r,—I have deferred any remarks on Mr. Livesey’s 
letter to you, which appeared in your issue of the 18th of 
April, in the hope that other engineers would have thought 
the subject sufficiently interesting to give their opinions. 
None having done so, I must confine rf reply to Mr. 
Livesey’s letter. Nevertheless I do so with diffidence, as, 
of course, every man thinks his own donkey the best. 

Mr. Livesey points out only one objection to my system ; 
then quietly shelves it and proceeds to explain his own. 
The objection he makes is that, when the paving stones 
sink, they will fall under the head of the rail. Now, in the 
first place, the paving, if properly maintained, could 
never be an inch lower than the rail. Unfortunately tram- 
way engineers think it necessary to provide for main- 
tenance, and consequently Mr. Livesey condemns my system. 
But Mr. Livesey might also have seen that there is an 
easy and effective remedy, which, when writing to you, I 
did not point out; considering that it was not of sufficient 
importance. 

This remedy is the same as that adopted by Mr. Kincaid 
at Bristol, viz.: The space between the paving stones, 
adjacent and on each side of the rail is filled with concrete 
as the operation of paving proceeds, and thus it is im- 

ssible for the sets to fall under the head of the rail as 

r. Livesey fears. See sketch. 








But I have many objections to Mr. Livesey’s system 
which I must point out; not with any prejudice in the 
matter, but on principle to caution others, as my ex- 
perience has led me to avoid them : 

1. Absence of Cross Sleepers.—No permanent way for 
tramways can be perfect without cross sl in order to 
secure an accurate gauge, as tie bars are of no use in com- 

ression, and this is especially to be borne in mind if steam 

contemplated for the traction. I found this one of the 

test defects in Paris when I was consulting engineer 

or the steam tramways in that capital. Cross sleepers 

should be pegs of timber to insure an agreeable and noise- 

less road; and, when buried in the concrete, they will be 
almost imperishable. é 

2. An ironfoundation plate is most objectionable, as it 
causes a rattling and disagreeable noise to passengers in the 


cars. 

8. It would be impossible to bend the longitudinal 
foundation plate to sharp curves. 

4. The steel keys to hold the rails to the blocks would 
prevent the paving-stones from being laid close to the rail. 
_ 5. I donot agree with Mr. Livesey that the foundation 
plate should support the paving. In my opinion such a 
system is very objectionable. In the first _— it is most 
expensive, especially if the longitudinal base-plate be of 
éast iron, which is preferable to wrought; then it requires 
that the sets resting on the base-plate (or rather a part of 
each), should be accurately dressed to the proper depth, 


and, , these sets would never bed firmly on the iron, 
and would have a rocking tendency on the edge of the 
base-plate. 


I emphatically say that all paving should be bedded on 
the same material, and nothing is better than concrete with 
a thin layer of sand under the sets. 

I have only further to say that the estimate given for 
comparison by Mr. Livesey does not include the laying of 
the permanent way, and there is evidently a mistake in the 
weight of the base-plates, which should be nearer 26 tons 
than 18 tons per mile. 

Again, the estimate refers onlyito a “‘ cheaper modifica- 
tion” of Mr. Livesey’s system ; it would be interesting if 
he would kindly farnish a comparative estimate of the 
system usually employed by him, as per Fig. 5 in his draw- 
ings. Yours obediently, 

"Ein, May 19, 1879. HENRY VIGNOLES. 


THE PROPOSED INTEROCEANIC CANAL. 
To THE EDITOR OF ENGINEERING. 

S1r,—In Jan ‘ou gave insertion to a long letter 
from Mr. Frederick ta Kelly, of New York, upon this 
subject. It may not, therefore, be uninteresting to put 
your readers in possession of the most recent pr gs 
anent this project. During the lastthree years there have 
been several meetings of capitalists, engineers, and scientific 
men in Paris to examine and consider the merits of the 
various routes suggested for the construction of a 
across the American Isthmus. These meetings have been 
adjourned from time to time for further information. ‘To 
obtain this, Lieutenant Lucien N. B. Wyse, a most able 
and accomplished French naval officer, was selected to ex- 
amine the Atrato-Suyra route between the Gulph of San 
Miguel and the Atlantic, east of the old Darien route of 
Gisborne and Cullen notoriety. During the winter of 
1877-8 he accomplished this object, and returning to France 
made his report. In Febru last he was sent to New 
York to examine the maps an * ogee of the San Blas route, 
and those made for Kelly, of the Atrato Smando 
route, and with the view of visiting the various authorities 
and persons interested in the matter. 

It having been resolved to hold a ship canal convention 
in Paris on the 15th of May, Lieutenant Wyse was in- 
structed to invite the Government of the United States, 
the National Board of Trade, the Chamber of Commerce, 
and the hical Societies of New York and Boston to 
send deputies to the convention. It is understood that the 





J.J. BrRcKEL. 
Mulhouse, May 5, 1879. 


Government have appointed Commanders Lull and Selfridge 





as their representatives. Mr. Kelly also received a special 
nal invitation ; he will, however, attend as delegate 
m the National Board of e. 

M. de Lesseps is to be the president of the approaching 
convention,* and is willi throw all the weight of his 
powerful name and influence into the furtherance of its 
objects, which are to consider the proposed routes and 
to decide on the one that shall be selected; to take steps 
for immediately organising a company and obtaining the 
necessary capital without Government aid, and then to 
construct the canal. 

The great contest will be between a canal with, and 
one without locks. If the former be adopted, the Nicaragua 
route will, no doubt, be chosen. - If the latter, the question 
will ay be narrowed to a choice between the Panama, 
San Blas, and the Su routes. To make a through cut 
for a canal 100 ft. wide at the water line and 25 ft. deep, it 
is estimated would cost 20 millions sterling. A canal with 
locks could scarcely be constructed for less, and would not 
be so reliable nor so convenient. To pass a ship through 
the San Blas Canal at the rate of five miles an hour woald 
occupy but six hours, as compared with sixty hours that 
would be taken up in posing through, at same speed, the 
 - ee Canal, including detentions at twenty or more 


Iam, Sir, your obedient servant, 
~ London, April 28, 1879. Apam Scorr. 


THE PREPARATION OF STEEL FROM 
CLEVELAND ORES. 
To THE EDITOR OF ENGINEERING. 

S1r,—Referring to the questions raised in your article 
in ENGINEERING of the 2nd inst., respecting the prepara- 
tion of steel from Cleveland ores, I refer you to my patent, 
No. 2461, in 1868, in which is indicated the process now 
employed by Messrs. Bolckow, Vaughan, and Co. I found 
during the course of experiment in 1867-8 that the whole 
problem lay in ies a sufficiently large quantity of 
iron oxide or other base to form a e excess of base to 
cover any iron phosphate produced by the oxidation of the 
phosphide of iron present in the pig iron, and that an 
elevated temperature such as is needed to fuse malleable 
iron is no obstacle to this separation. 

The ey = difficulty lies in the absorption of heat due, 
first, to the disassociation of iron oxide, and, secondly, the 
heat required to raise the excess of iron oxide from the 
temperature at which it enters the converter to that at 
which it arrives when the “ blow” is finished. This, I 
suspect—though I have no details of the experiments at 
Messrs. Bolckow and oo caused them no little 
trouble by cooling the steel so as to prevent it from running 
freely, and even sometimes settling in the converter. This 
difficulty was anticipated at the date of the before-mentioned 

tent, and methods shown for returning a portion of the 

ost heat to the converter. Theimportance of a basic lining 
for the converter was also re i by me shortly after 
the date of the above patent, and “——— employed in 
making some experimental bricks. ‘hese bricks were 
made by damping esia with hydrochloric acid and 
heating to expel a portion of the water contained in the 
commercial acid, so as to make a stiff paste of magnesia 
with a strong solution of magnesium chloride. This 
chloride was decomposed by heat, and it would have been 
quite practicable to recondense the hydrochloric acid and 
use it over again, but, of course, this was not attempted in 
these mage small experiments, the primary object 
of which was simply to make the bricks. This, however, 
I did not patent, as it became quite evident that I need not 
expect any support or enco’ ement from the persons 
most interested in placing the Cleveland trade on a sound 
basis, and that it was a mere waste of time and labour to 
go on any longer in such a thankless employment. I retired 

rom this work, however, confident that I should not need 
to live long to see Cleveland driven to either surrender its 
position or take up the work that I had left. Whether 
this anticipation has proved correct I leave your Cleveland 
readers to decide for themselves. As another illustration 
of the inventor’s difficulties when dealing with the then 
iron lords of Cleveland, I may state that I had come to the 
conclusion that to put Cleveland in a sound position it was 
necessary (or soon would become so) to look upon the 
mineral as a source not only of iron but of phosphatic 
compounds having a marketable value, and when we re- 
flect that a ton of Cleveland pig contains phosphorus 
enough to supply the phosphatic compounds needed for 
three or four tons of wheat, some idea of its importance 
for agriculture alone may be formed. In 1870-71, I worked 
out a process by which these phosphates could be manu- 
factured and leave a good profit, putting the question of 
improvement in the iron entirely out of consideration. I 
sent samples of the phosphatic products to the principal 
iron proprietors, and offered to give all information as to 
the processes and materials employed, and in return never 
even received an acknowledgment either of the letters or the 
samples sent. After such experience you will not be sur- 
prised that I threw up the iron question in disgust. The 
Cleveland farmer is now using phosphates imported from 
South Carolina, Canada, and Spain, while the practically 
exhaustless stock of phosphates lying in the bowels of his 
native hills is employed in rendering the accompanying iron 
unfit to compete in the struggle for commercial success. 

Iam yours, Sir, truly, 

Widnes, May 10, 1879. JAMES HARGREAVES. 


Tue Sunz CanaL.—The revenue of the Suez Canal Com- 
pany has presented some dulness this year. The aggre- 
gate amount collected to April 30 was 433,6741., as 
compared with 466,730/. in the corresponding period of 
1878, and 486,6891. in the corresponding period of 1877. 

* Owing tothe demands upon our space, the publication 
of Mr. Scott’s letter has been unavoidably eg The 
convention to which he refers is now sitting. .E. 
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BOILER WITH TEN-BRINK FIREGRATE. 


CONSTRUCTED BY 
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THE accompanying engravings show the general 
arrangement of the horizontal boiler which was exhibited 
at Paris, and kept at work in the Swiss boiler-house, 
by Messrs. Escher and Wyss, of Zurich. Figs. 1 and 2 are 
longitudinal and transverse vertical sections of the boiler 
and its setting, Fig. 3 is a sectional plan through the 
firedoor, and Fig. 4a front elevation. From the latter it 
will be seen that no part of the boiler is visible from the 
front, the furnace and other doors which are seen being 
entirely clear of the boiler proper. The firedoor projects 
obliquely in front of the setting, to suit the “ Ten-Brink” 
grate, which Messrs. Escher and Wyss (as well as their 
neighbours, Messrs. Sulzer Brothers) adopted in their 
exhibited boilers. The grate (which has anarea of about 
10 square feet) is here placed at an angle of about 45 deg. 
with the horizontal, in a flue 2 ft. 7.5 in. in diameter, ex- 
tending right through a horizontal cylindrical firebox 
about 4 ft. 7 in. and 6 ft. 1 in. long. The water space of 
this firebox communicates by two large vertical tubes 
(down which are carried smaller return current tubes) 
with two large horizontal cylinders placed above it, 
each cylinder being 17 ft. 8.5 in. long and 2 ft. 7.5 in. in 
diameter. Each of these is fitted with a small cast-iron 
steam dome, the arrangement of stop and safety valves 
being shown in Figs. 1 and 2. The back ends of these 
main cylinders are connected with a nest of three pairs 
of smaller bouilleurs, arranged underneath them, and com- 
municating with each other by the tubes shown in the 
figures. Each of these cylinders is about 11 ft. 3 in. long 
and 1 ft. 7}in. in diameter. The feed is introduced at 
the back ends of the lowest cylinders, which are slightly 
inclined upwards in the direction in which the water 
must move, The furnace gases, after passing back under 
the two main cylinders, come towards the front again in 





contact with the three upper bouilleurs, and then pass 
again back along the three lower ones, escaping to the 
chimney by an underground flue at the back. In this 
way the difference of temperature between the gases and 
the water is kept as great as possible, the cold water 
entering when the gas is also coolest. The casing round 
the firebox, as well as the upper flue, is lined with fire- 
brick, the lower part of the setting being common brick 
only. The sides of the setting are made double through- 
out, and convenient doors are provided to give access to 
every part of the flues for cleaning and other purposes. 








SINGLE AND FOUR-FURROW PLOUGHS. 

WE recently (see ENGINEERING, pages 322 and 323 ante) 
illustrated some thrashing machines shown at the Paris 
Exhibition by Messrs. Ransomes, Sims, and Head, of 
Ipswich, and combining several novelties patented by 
that firm. We now take an opportunity of publishing 
drawings of some ploughs also manufactured by Messrs. 
Ransomes, Sims, and Head, and which formed a part of 
their exhibit at Paris. 

This four-furrow plough, Fig, 1, represents the largest 
plough for draught by animals which has yet been con- 
structed. These implements are largely employed in 
French agriculture, their use being found to produce a 
great economy in the cost of ploughing. Itis well known 
that although two horses of average size are required to 
draw an ordinary single-furrow plough in a moderate soil, 
yet they do not exert their entire strength, but if four 
ploughs are adapted to one frame, eight horses are not 
required to pull it, but from four to five are found 
sufficient. Two men are only required to manage the 
four-furrow plough instead of four, which would be the 
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complement for this number of single-furrow ploughs, 
In actual practice there is also a great economy in turn- 
ing at the headlands, as the ploughman working a single- 
furrow plough is obliged to turn round four times, whilst 
the multiple plough only turns once to do the same 
amount of work. The principal feature in these ploughs is 
the facility with whieh they are lifted out of the ground 
by the lever acting upon the crarked axle which carries 
the two large wheels. Thedepth is also easily regulated 
by adjusting the stop into the different holes on the 
quadrant. These ploughs are made on the same principle 
with two or three breasts. 

Figs. 2 and 3 show an iron plough for turning a large 
broken furrow (see Fig. 4). These ploughs are usually 
employed in the vast corn-growing steppes of the East, and 
the first illustration shows an implement which has been 
largely employed in the South of Russia ; it will turn a 
furrow 16 in. by 8 in., and will pulverise the soil and lay 
the furrow ina flat form, so that the seed can easily be 
sown broadcast. 

The same illustration shows the simple arrangement 
of a turning wheel, by means of which, when the plough 
arrives at the headland, it is turned upon one of the front 
wheels and the side wheel. 

Figs. 5 and 6 represent an improved wooden plough 
also made for turning a large furrow, and is constructed 
with a crooked beam, the object of which is to push 
aside the weeds which grow very profusely, and toa 
great height, in southern and eastern climates, and 
which are apt to collect upon the coulter and hinder the 
P 3s of the plough. - 

essrs. Ransomes, Sims, and Head also manufacture a 
a subsoil plough for sugar cultivation, which calls for 
some notice. It is a double-furrow plough fitted 
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with subsoiler and specially adapted for the cultivation 
of the sugar-cane. This improved subsoiler arrange- 
ment enables the ground to be stirred up to a depth 
of from 14 in. to 15in., and consequently the roots are 
able to penetrate into a much damper soil than when 
the ground is only ploughed 8 in. or 9in. deep. In many 
districts also where the upper soil has become considerably 
impoverished by continued overcropping or other cause, 
it is absolutely necessary to work down to a great 
depth so as to stir up the subsoil. In such cases, this 
patented arrangement of plough and subsoiler is found 
to bevery useful, as it prepares the ground for,the sugar- 
cane much better than the ordinary deep plough which 
turns all the subsoil to the top, whilst the new implement 
loosens the ground below the surface, thus enabling the 
roots of the cane to penetrate into virgin soil. 

Fig. 7 shows a plough specially adapted for India, 
Egypt, &c.. This is an improved plough made by Ran- 
somes, Sims, and Head principally for use in Egypt and 
India. It consists of a slade to which a small breast is 
attached with a chilled share. A ridging body can also 
be used by detaching the ordinary breast. The plough 
is intended to be drawn by two small bullocks, and the 
native usually puts one foot on the back part of the 
plough so that his weight may keep the implement more 
firmly in theground. The cost of this plough is only 30s. 

Another implement to be noticed is a new seed-covering 
plough extremely useful for covering, to a depth of 
1} in., with soil, seed which has been sown broadcast, 
so that it will come up in tolerable regularity. It is 
constructed upon the same principle as the multiple 
ploughs, but is a much lighter implement. It is also 
very useful for paving the surface stubble fields. 

Messrs. Ransomes and Co. also make as a special article 
of manufacture the so-called Anglo-American horse-rake. 
This implement is designed so as to embody all the prin- 
cipal parts of the English rake with some of the simple 
improvements which have been introduced by the 
American manufacturers. The principal advantage in 
this rake is a straight axle throughout, and a lighter 
attachment of the shafts and seat to the frame of the 
rake. These rakes are made much cheaper than 
Ransomes’ standard rakes, and for many purposes are 
equally as good. 

Apropos of American inventions, we may say that 
Messrs. Ransomes had a very fine collection, at the Paris 
Exhibition, of the ploughs made on the American model, 
apparently quite equal to those turned out by the best 
American manufacturers. 








THE ELECTRIC LIGHT ON THE THAMES 
EMBANKMENT. 
To Tue Eprror or ENGINEERING. 

S1r,—May we be allowed to make a few remarks on your 
admirable résumé of Sir J. W. Bazalgette’s report on the 
electric lighting on the Thames Embankment, which ap- 
peared in your issue of last week ? 

Our opinion that a nominal 10 horse power engine is 
sufficient to drive two Gramme dynamo-electric machines 
in connexion with twenty Jablochkoff candles has been 
amply proved by the fact that our 20 horse power engine is 
now working 40 lights, extending between Blackfriars and 
Westminster bridges, with 651b. of steam, and indicating 
about 42 horse power, and the lights burn as steadily and 
as brilliantly as before. 

With regard to the amount of labour specified in the 
report as necessary for working the engine and superin- 
tending the lights, we think itis placed at too high a figure 
for a permanent installation. If the switches for changing 
the electric current from one candle to another are arranged 
as with the new lights, so that all the candles in twenty 
lamps or four circuits can be switched at one time and 
place, the present difficulty of mounting each lamp-post 
every hour and a half, will be overcome, and one man can 
easily do the work outside ; and it therefore appears to us 
that an engine driver at 6s. per diem, and a mechanic to 
look after the lights at the same wages, assisted by a la- 
bourer at 3s. 6d. per diem, would be amply sufficient to 
keep the machinery going for six hours per diem. The 
total cost of labour would therefore be reduced to 15s. 6d. 
per day, and if this amount be distributed over 40 lights, 
instea a 5 a aay = estimated in Sir J. W. Bazalgette’s 
report for ights, the percen' of es per light will 
be materially reduced. 9 Tees pate 

We are, yours faithfully, 
; Ransomes, Sims, AND Hzap. 

Orwell Works, Ipswich, May 20, 1879. 








CARBURETTING AIR. 
To THe Eprror or ENGINEERING. 

Srr,—An interesting letter on this subject signed William 
Lyon has lately appeared in your — As, however, 
it contains some statements which I :annot understand, I 
would wish to the writer's attention to apparent dis- 
crepancies which, perhaps, he may clear away. 

1. Mr. Lyon states that by passing 1000 cubic feet of atmo- 
ane air at 56 deg. through gasoline (sp. gr. .655) he 
obtained 1320 cubic feet of carburetted air of sp. gr. 1.396, 
and that the air absorbed 16 gallons of gasoline. Now, at 
temperature 56 deg. Fahr. 12.98 cubic feet of air weigh 


1 Ib., consequently 1000 cubic feet weigh ime = 77.041b., 
and 16 gallons of gasoline weighing 6.55 1b. on= 
104.8lb. The wei it of mates Reteend — 


=181.84lb. On other hand, 1320 cubic feet of car- 
buretted air sp. gr. 1.896 weigh 77.04 x 1.820 x 1.396= 





141.96. There is, therefore, a difference between the 
ials and the products of 181.84—141.96=39.88 lb. 

2. Mr. Lyon states that —_ expenditure of 12.7 gallons 
of gasoline he converted 1000 cubic feet of coal gas sp. gr. 
.434 into 1270 cubic feet of carburetted gas of sp. gr. 1.045. 
Now, at 56 deg. Fahr. 1000 cubic feet of such coal f 
weigh 33.43 lb., and 12.7 gallons of gasoline weigh 83.18 lb., 
the weight of the materials therefore=33.43+83.18= 
116.61 lb. On the other hand, 1270 cubic feet of car- 
buretted gas of 1.045 ae h 77.04 x 1.270 x 1.045= 
102.23, being 14.38 Ib. less the materials employed. 

There is, therefore, a mistake somewhere, and from the 
nature of = J it is — yA anne, ae in 
estimating the specific gravities by illing’s 

In he won way of testing illuminating power, the 
number of candles burning 120 grains of sperm per hour is 
compared with a burner using 5 cube feet of gas. Each 


candle power, therefore, means ” = 24 grains of sperm 


for each cube foot of gas. We can, therefore, easily com- 
pare the illuminating and commercial values of common 
as, carburetted gas, and carburetted air. The equivalents 
in pounds of sperm are as follows : : 
A. Coal gas _ 1000 c. ft. «17.1 candles x24 grains 
, 7000 grains 
ae tO70 o. ft 38-83 candles x 24 gra 
w c. ft. x 38.83 candles x 24 grains 
B. Carburetted gas 7000 grains 
=169-08 lb. of sperm. ’ 
CO. Carburetted air = 1320 ec. ft. x 23.7 candles x 24 grains 
7000 grains 
=107.27 lb. of sperm. 
D. Increase value of gas by carburetting C—A 
= 48.64 lb. of sperm. 
With at 4s. per 1000 and gasoline St 2s. per gallon the 
cost of each is as under : 











s. d. 
A. 1000 ft. of common gas at 4s.... ose 40 
B. 1000 ft. of gas at 4s. and 12.7 gallons 
of line at 2s. ane eee ow 8 & 
C. 16 gallons of gasoline at 2s. ... a a 
D. Improvement of coal gas 12.7 gallons 
gasoline 2s. ... ve ove we 25 5 
And the cost of their equivalent of 1 lb. of sperm is : 
A. Coal gas 4d. g1d.= 
; 58.63 
coal gas at 4s. per — 
" ———-=3,00d, = 
B. Carburetted gas 10.8 09 


coal gas at 10s. 4d. — 

i ~ in OE, aE 
C. Carburetted air 7a 
coal gas at 17s. 8d. per 1000. 


D. Improvement of gas oe =6.278.= 


coal gas at 31s. per 1000. i 

It is thus shown that carburetted gas for equal quantities 
of light is more than 150 per cent. dearer than common gas, 
while carburetted air is over 340 per cent. dearer, while 
the increased value given to the gas by carburet it cost 
nearly eight times as much as the gas itself. If the com- 
parison were made with cannel gas the contrast would be 
still more striking in favour of the gaseous as com 
with the liquid hydro-carbons. It is clear that the most 
wasteful way of using the light hydro-carbons is to employ 
them for the improvement of ordinary coal gas. 

I remain, Sir, truly yours, 


DENNYBANE. 
72, South Mall, Cork, May 1, 1879. 








GUN CARRIAGES FOR CIRCULAR 
IRONCLADS. 
To THE EDITOR OF ENGINEERING. 

Sitr,—In The Engineer of the 9th inst., I notice an 
“article” on ‘‘The Gun Carriages for the Russian Cir- 
cular Ironclad Vice-Admiral Popoff,”’ which is nearly word 
for word a reprint of the paper read by Lieutenant 
Razkazoff before the Institute of Naval Architects in 
March, 1877. The few — omitted referred mostly 
to such parts of the design as were not novel, and for 
which Lieutenant Razkazoff, with a candour wanting in 
the article which appears in your contemporary, con- 
sidered it but just to accord each their due, at the same 
time stating that the main points of the design were the 
result of the joint labours of himself and Messrs. Easton 
and Anderson. 

Although I cannot but entirely agree that, as stated in 
The Engineer, the action taken by the Grand Duke Con- 
stantine and Admiral Popoff is deserving of their country’s 
warmest titude, and might be looked for in vain 
amongst the heads of our naval department ; still, I think, 
to Lieutenant Razkazoff should be accredited his share of 
honour in the matter, as without his invention, it is very 

robable that Messrs. Easton and Anderson would never 
ve had to undertake the ‘‘ great responsibility’ cf the 
construction of these gun carriages.* 
am, Sir, yours, &c., 
May 21, 1879. C. SPENCER Rotre. 





Tue Mexican EXHIBITION.—The Keystone Bridge 
Company, Pennsylvania, have received a contract for put- 
ting up the ironwork of the Mexican Universal Exposi- 
tion building. The main building will occupy an area of 
about 2} acres. Three thousand tons of iron will be re- 
q 

* Lieutenant Razkazoff’s paper referred to 
with illustrations of the gun i » will 
pages 306 and 307 of our twenty-third volume. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The South Yorkshire Colliers and the Coal Question.— 
The colliers in this district do not appear inclined to favour 
the proposal made at the Barnsley conference that the pits 
should be laid idle for six or eight weeks. Within the 
past few days they have held several mass meetings on the 
subject, and at all of them have condemned the proposition. 
They have further instructed their leaders to oppose the 
motion at the forthcoming conference at Birmingham. 
The miners declare that they are willing to submit to the 
award of Mr. Ellison, the county court judge of the 
district, who has had the question of wages submitted to 
him by the arbitrators. At the present time the coal in- 
dustries of the locality are in a state of paralysis, and 
almost half the collieries are only being worked three shifts 
per =. Silkstone coal is offered on the pit banks at 5s, 
per ton. 


Extraordinary Production of Steel Rails.—Messrs. 
Wilson, Cammell, and Co., of Dronfield, have in hand some 
very large contracts for steel rails, and it is stated that 
during the fortnight ending May 17th they have made the 
largest output of steel rails ever known for a similar plant 
in that given time. The following is their official com- 
munication on the subject : ‘‘ The actual quantity of rails 
produced was 4656 tons 18 ewt., and the production each 
week was: For the week ending May 10th, during which 
the time of working was ten shifts, 2256 tons 7 cwt. For 
the week ending May 17th, during which eleven shifts were 
made, 2400 tons 11 cwt.’’ Leaving out mealtimes, the 

uantity of rails rolled is one ton in every 47 seconds of 
the time worked. There has been no record of any engi- 
neering feat of this description, and we are informed that 
the work is continuing on a similarly large scale. The 
rails turned out are heavy Bessemer of best quality. 


The Americans and Sheffield Rails.—Reports which 
come to hand show that the American rail manufacturers 
are very bitter against certain Sheffield houses for having 
sec’ from Mr. Vanderbilt a contract for rails to be 
delivered in New York. The work of manufacturing the 

ils is now progressing satisfactorily, and no better 
specimens have ever been sent from the district. As they are 
made from a high-class quality of Bessemer steel rail it is 
supposed that they will wear nearly double the time for 
which they are guaranteed. 


Artesian Tube Wells.—At Skegness the result of the 
boring operations for water have been eminently successful. 
Two tubes 6 in. in diameter have been sunk, and yield from 
3000 to 4000 ons per hour each, with an overflow of one 
foot above the surface. The water rises from the lower 
portion of the upper greensand. It is not contaminated 
with injurious organic matters and objectionable drainage 
products, is a wholesome drinking water, and suitable for 
general domestic purposes. 

Hull and its Market Accommodation.—The authorities 
of Hull are determined to provide for the increasing trade 
in cattle at its port. Mr. Sharp, the borough engineer 
there, has been ordered to —- plans showing what ac- 
commodation can be afforded by increasing the area of 
Edward’s-place Market, by adding thereto houses and land 
adjoining the property of the Corporation. The market to 
be entirely rearranged. Mr. Sharp has also to give an 
estimate of the cost, which is expected to amount to many 
thousands of pounds. 





SaLumon Rivers’ PottutTion.—This subject has very 
recently become intensified in interest on account of a 
disease which has appeared among the Salmonide, in some 
respects analogous to typhoid fever in humanity. But 
whatever the cause of such di may be, some recent 
statements in regard to the destruction of salmon by other 
causes, especially the pollution of rivers, deserve careful 
attention. Recently, Mr. Garnett, the chairman of the 
Lune Fishery District, .feeling that the Rivers’ Pollution 
Act of 1878 was almost a dead letter, called a meeting of 
the Chairmen of Conservators of the Severn district. The 
Duke of Beaufort represented the Wye Fishery Board, and 
other gentlemen were present representing the Wye, 
Usk, and Severn districts. Mr. Garnett, at the request of 
Mr. Willis-Bunch, entered into a description of the state 
of the pollution. As a personal friend of the Home Secre- 
tary he had, in 1876, led the attention to the effects of 
the pollution of rivers yielding salmon. The Act of 1878 
had done nothing to prevent this. He gave, as an instance 
of this, the case of a paper mill erected in his own district. 
This mill used a great quantity of lime and other noxious 
materials, and samples of the water taken by him, on 
analysis, showed that the contents were of a most ob- 
noxious character. Despite all the provisions of the Act, 
there was no chance of making it workable. The Sanitary 
Committee of the district had appealed to, who re- 
ferred the matter to the Local Government Board. Pro- 
ceedings were taken before a county court judge, but the 
result would be an appeal to a higher court. A_resolu- 
tion, moved by Mr. ett and seconded by the Duke of 
Beaufort, was to the effect that the Rivers’ Pollution Act 
was totally inadequate for the prevention of the pollution 
of rivers, and that, not being ive, establishes 
rights which are injurious to the public. Mr. Kinloch, 
secretary to the Fisheries Preservation Society, stated that 
the objects of the meeting would have its iest support. 
Numerous instances of the causes of pollution of the 
Severn, &c., were detailed, as at Gloucester, Worcester, 
&c. It was finally resolved that Mr. Garnett should fur- 
nish the Home Secretary with a report of the proceedings 
of the meeting. We to find in these statements 
verification of what we have a stated, that the 
Rivers’ Pollution Act is not worth the paper on which it 
was printed. It is scarcely better than a legal deception 
palmed on a gullible public. 
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NATIONAL WATER SUPPLY, SEWAGE, 
AND HEALTH. 

On Thursday and Friday of last week conferences 
on the above subjects were held at the instance 
of the Society of Arts. The first conference on the 
question of sewage and health took place in 1876, 
when the water supply was dealt with only incident- 
ally. But last yeara letter addressed by the Prince 
of Wales drew special attention to the supply of pure 
water to the population of the country, and, conse- 
quently, this question was made a separate one. 

Early in the present year His Royal Highness 
addressed a letter to Earl Beaconsfield urging a 
Royal Commission on the subject—a question which 
the Government has not yet determined on. For 
obvious reasons we shall, therefore, deal individually 
with the subjects, taking up the water supply only 
for the present. 

The summary of papers contributed by individuals 
residing in all parts of the kingdom was, as in former 
conferences, distributed at the meeting. In regard 
to the last one, it may be safely stated that there 
has never been a more important document issued 
on the water question. The information conveyed 
is of the most varied kind, and the authors of each 
paper include some of the most eminent authorities 
of the day, whose opinion and experience have thus 
been placed in the hands of every authority 
capable of acting on the facts and suggestions 
given. 

Briefly it may be remarked that the discussion 
on the water supply, last week dealt with the three 
sources: 1, The waters above the earth—rain ; 2. 
The waters on the earth—Jakes and rivers; and, 3. 
The waters beneath the earthe-wells, fountains, &e. 





These were what may be termed the etymological 
distinctions of the water question, although such 
distinctions were frequently lost sight of in the 
papers contributed and the discussion which 
occurred on them. It would be impossible for us 
to even analyse either of these, and we therefore 
urge our readers to apply for a copy of the 
summary at the office of the Society of Arts. 
Meanwhile we offer the following remarks as tending 
to show the general views that were expressed. 

There seemed to be an almost unanimous feeling 
that nothing could be effectually done until the 
kingdom was divided into water districts. Pro- 
fessor Ramsay remarked that if a large and com- 
prehensive scheme was attempted, an essential con- 
dition of success would be that of dividing England 
into various areas, adding that there were great 
areas where vast underground sources of supply 
might be obtained, at Leamington, where, 
recently, as detailed by Mr. Bright of that town, 
an abundant supply had been obtained by boring 
to a depth of only 110 ft. in the sandstone. On this 
subject, however, Mr, Rawlinson remarked it seemed 
a prevalent idea that in order to get water anywhere 
it was only nece to bore deep enough. To 
prove the fallacy of the idea, he referred to the mines 
in the North of England, which at a depth of 
from 800 ft. to 2000 ft. were quite dry at the 
bottom, On the other hand, we may remark, that, 
in other districts, as in central England, unless con- 
stant pumping be resorted to the mines would very 
soon be flooded. 

These facts were fully recognised at the meeting. 
Captain Douglas Galton judiciously remarked that 
while almost every one agreed that water districts 
should be formed, it was evident that there was not 
as yet sufficient published information on which to 
roceed, There were departments that had that 
information, but it was all scattered about, and the 
Local Government Board seemed to be the legiti- 
mate focus of such knowledge. Whether a minister 
of health were appointed or not, a preliminary step 
would be to place the Director-General of the 
Geological Survey, the Director of the Ordnance 
Survey, and the Registrar-General’s department, 
with that engaged in reporting the rainfall, in 
official connexion with the Local Bieler Board, 
so that all the Government departments which had 
information on the question could bring it into a 
common focus for the benefit of the community— 
whether as regards rainfall, river and lake, or under- 
ground water areas, in respect both to quality and 
quantity we presume. 

Previous to the conference the Council of the 
Society of Arts had offered a gold and three silver 
medals for the best papers sent in on the water 
question. None seemed to the judges as deserving 
the highest prize, but silver medals were awarded 
to Mr, Toplis and Mr, Lucas, whose propositions 
were as follows : 

Mr. Toplis proposed that the country should be 
mapped out into watershed districts, each contain- 
ing one or more complete river basins. This 
idea is excellent, but it seems to us that the defini- 
tion of each district would become a matter of serious 
difficulty. He recommended that a body of com- 
missioners should be appointed to each district ; 
that these commissioners should be assisted by com- 
petent legal and engineering advisers. The com. 
missioners should have charge of the river and 
water works, and they should have power to ac- 
quire all existing water works, and even canals if 
necessary. ‘The suggestion is good, but if Mr. 
Toplis reflected on the results of the discussion of 
last week, we imagine that he would have some 
difficulty in finding ‘‘ competent advisers” when 
really competent persons differ among each other in 
almost all details of the water question, He re- 
commended the appointment of a minister of 
health, with an adequate staff. We cannot help 
suggesting that the present Local Government 


Board could equally carry out such duties, if 
aneligthens®: 


properl 

Mr. ucas recommended that England should be 
divided into three principal districts, northern, mid- 
land, and southern, such divisions being founded on 
the direction of the flow, east and west, of rivers, and 
the mountain range north and south, so as to ac- 
commodate the geological features with the require- 
ments of each district, 

In Mr. Birkett’s paper it was stated that the 
principal object was the collection of the enormous 
amount of rainfall of the hilly districts of Westmore- 
land, Cumberland, and Lancashire, He would erect 
artificial, where natural reservoirs (lakes) did not 





exist, and would dam up lake outlets where neces- 


By the construction of main and branch 
canals, he proposed to mach | the water to London, 
there forming reservoirs ni and south of the me- 
tropolis at suitable elevations, say, Highgate, Hamp- 
stead, Muswell Hill, Norwood, &c. But he also 
provened that towns and villages, intermediate 

etween the north and south, on the line of the 
aqueduct, should be supplied with any surplus water 
that might accrue, 

Professor Ansted, in his contribution, dealt with 
the question of the division of England and Wales 
into principal districts, entering into minute details 
which we cannot discuss, He chiefly dealt with 
‘‘ surface waters” and “ underground waters,” the 
latter being frequently the only resource of small 
populated districts. Mr. Goslin, in his paper sug- 
gested that the country should be divided into parts 
or departments, and subdivided into districts, each 
department being under the control of a “‘ National 
Hydraulic Board,” whose duty it would be to collect 
the necessary data, and otherwise to look after the 
duties of the departments, 

We have thus given an analysis of some of the 
principal topics discussed at the recent conference, 
so far as the water supply question was dealt with. 
But we have omitted one, and for the present, one 
of the greatest importance—Where is the money to 
come from? The chairman, the Right Honourable 
Mr, Stansfeld, ex-president of the Local Government 
Board, moved that rates for water supply and 
sewage shall, as far as Pog wa be made on 
those who are benefited by the improvements. 
Captain Galton moved that it is expedient for dis- 
tricts to be formed under local authorities for 
administering the water supply. But both these 
resolutions were withdrawn, and the only resolution 
that passed was one of thanks to the Prince of 
Wales for the action he had taken in the question. 

We reserve general remarks on this conference, 
and that on sewage and public health, until we have 
given an analysis of the latter, as the two subjects 
have so close a relation. 


sary. 





SHIPOWNERS v. THE BOARD 
OF TRADE. 

THE case of Kain v. Farrer and others, or the 
owners of the Dora v. The Board of Trade, on the 
motion for a new trial, was argued before Lord 
Chief Justice Coleridge, Mr. Justice Denman, and 
Mr, Justice Lindley, sitting in Banco in the High 
Court of Justice, Westminster, on the 7th, 8th, 9th, 
and 10th inst. The arguments seemed to be likely 
to occupy several days more, but they were termi- 
nated on the fourth day by Lord Coleridge stopping 
Mr. Williams, who was pleading for the owners of 
the Dora. Lord Coleridge said, ‘‘ Before you come 
to this, Mr. Williams, let me repeat in the Solicitor- 
General’s presence, with the assent of my learned 
brothers, what I said yesterday, and I say it in the 
spirit of real conciliation. As far as we can see, the 
orders of the Board of Trade and the forms by which 
the Board of Trade proceed, if they were followed, 
are forms perfectly - and give ground to no 
serious complaint at all, and if they had been followed 
in this case no serious complaint could have arisen 
and certainly no complaint of oppression or in- 
justice.. The report might have been a little too 
much in this or that particular, but there would 
have been a definite and intelligible order made, 
against which Mr. Kain, if he had thought fit, might 
have appealed ; if he had not thought fit he might 
have abstained from doing so. The mischief in this 
case has resulted from the perfectly just and salutary 
orders of the department as a department not 
having been followed. It may be—I do not say 
that it is not so—not having been followed, owing 
to great pressure and h and so forth on the 
part of the gentleman who the conduct of the 
ordinary business of the Board of Trade. The 
Board of Trade do not deny, and their eminent 
counsel have not denied, that, as regards the result 
(never mind how produced, but as regards the re- 
sult) considerable hardship, I will not say injustice, 
I do not say to the extent of 1600/, but that con- 
siderable hardship has been inflicted upon an in- 
dividual, and that (the more it is pursued the clearer 
it seems to me) not by the and authorised 
action of the Board of Trade and by forms which it 
has had before it and which it has recognised, but 
possibly by a pardonable but nevertheless, as far as 
it strikes the court, by a decided breach in the pro- 
cedure sanctioned by the Board itself. Then why 
should the Board dispute about it and have all this 
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matter gone into at this endless length, when that 
is the result that they do not deny, and when it ap- 

to the court the more it is pursued to have 
resulted not from any fault of the department but 
from a slip in carrying into effect the very proper 
regulations of the department. Having said that I 
shall say no more.” 

The Solicitor-General said that the President of 
the Board of Trade had left the matter entirely in 
his hands, and that apart from any question of legal 
liability he admitted that somehow a certain amount 
of damage had been inflicted upon Mr. Kain, and he 
added ‘I am willing at this momeat to leave it abso- 
lutely to your lordship to determine what is right to 
be done apart from any question of legal liability, 
because the question of law raised here may of course 
go far beyond the particular case with which I am 
at present dealing.” 

heir lordships finally conferred, and Lord Cole- 
ridge in giving judgment repeated the opinions and 
considerations we have already given above, and 
then stated that the judgment ‘‘ should be the same 
as if the rule had been discharged, and that 1600/. 
should be paid, and that this rule should be treated 
as discharged. Though it will really be a dropped 
rule, I think it should be treated as discharged with 
the ordinary consequences,” 

Thus has ended the case of Kain v. Farrer and 
Others, The four days’ pleadings have settled at 
least one question, that of the conduct of Mr. Gray. 
The Zimes newspaper at the termination of the 
Guildhall trial had a most severe article against 
that gentleman, but even the Times has now 
changed its tone, and the account given in 
that paper after the trial is a very fair state- 
ment of the case, although very different from 
the former article, The interview of Mr. Kain 
with Mr. Gray is now given thus in the Times, 
‘The plaintiff was not on board at the time, 
but he took the earliest opportunity of seeing 
Captain Wilson, and explaining that his ship was 
not on the point of proceeding to sea, and that all 
necessary repairs were being executed, Captain 
Wilson in reply referred him to Mr, Gray, the 
assistant secretary to the Board of ‘Trade, and the 
plaintiff accordingly saw Mr. Gray and repeated 
what he had said to Captain Wilson. Mr. Gray, 
however, declined to be guided by Mr. Kain’s ex- 
planation. He said he could only act on surveyors’ 
reports ; that he had been so blamed by Mr. Plim- 
soll for using his discretion in detaining ships that 
he was resolved to use no further discretion in the 
matter, but to arrest vessels entirely as surveyors 
reported, and leave the question of right or wrong 
to be settled in the form of damages by the Board 
of Trade. Having used this language, Mr. Gray 
despatched the same afternoon an order that the 
ship should be detained for the purpose of being 
surveyed,” 

This is substantially what we have been repre- 
senting to have taken place at that interview, and 
to clearly understand the grave charge still against 
the Board, which justifies the payment of 1600/. 
damages, and perhaps more than that sum of ex- 
penses, let us state the offence in the light of this 
second a. An information was sent to the 
Board of Trade office that a certain vessel was un- 
seaworthy. Mr. Gray, who is appointed to receive 
such information, instead of at once detaining the 
vessel, exercised his discretion, saying perhaps, ‘‘ the 
person communicating this information may not be 
a fit and proper person to form a judgment in this 
matter I will at once request our own officers to try 
to see the vessel ; these officers are appointed by 
the Board of ‘Trade as persons competent to survey 
vessels, and if ¢hey corroborate this information, it 
will then be my duty, according to the instructions 
I have received from the Board of Trade as their 
secretary, to detain the vessel for further survey. I 
have not a discretionary power to set aside the re- 

rts of the practical men tc whom the Board of 
Trade have given appointments as competent 
surveyors.” Here, then, we find in the Times’ 
statement of the case an admission that Mr. 
Gray had not detained the vessel on the spur of 
the moment at the first receipt of information about 
it; he had actually acted with great discretion, 
doing nothing to legally interfere with the action of 
the owner from the Saturday morning until the 
Monday evening. In that time the Board’s sur- 
veyors had been, at Mr. Gray's suggestion, but 
wholly at their own risk, trying to get more reliable 
information about the state of the vessel. We have 
no doubt that the owner would have been justified 
in preventing these surveyors from going on board 


his vessel on that Saturday and Monday ; they were 
then trespassers, but such trespassers as the Board 
must employ, and be ultimately responsible for. 
On the Monday afternoon the discretion stage had 
therefore terminated, and the decision stage had 
been reached when Mr. Kain me eee to 
have the Board’s interference removed. Now here 
comes the t error in the eyes of Lord Coleridge: 
Mr. Gray did not keep the owner in suspense for 
another day ; he at once delivered to him a notice 
that his vessel was detained for survey. 

Lord Coleridge would have been quite satisfied 
if, instead of ago in this straightforward business 
way, Mr. Gray said, ‘Oh, I cannot say what 
will be the decision of the Board of Trade on this 
matter, but I will be careful to bring all Mr. 
Kain said under the notice of the Board of 
Trade when they sit to-morrow, and when they 
have maturely considered the argument pro and 
con., they will let him know their decision through 
me,” Lord Coleridge, at the same time, knowing 

erfectly well that the members of the Board of 

rade personally would be implicitly guided by the 
reports of their properly appointed competent sur- 
veyors, and that the only difference would be a 
delay of perhaps two days, and the re-establishment 
of a circumlocution office. 

The whole question is confined to this point: the 
Board has given general instructions to Mr. Gray to 
issue the printed forms approved by the Board for 
the various cases for which they have been prepared 
accordingly as he receives the reports of the officers 
appointed by the Board as competent surveyors. 
Is an order so issued, legally an order issued under 
the direction of the Board of Trade? Lord Coleridge 
thinks it is not issued under the direction of the Board 
unless the actual document has passed under the eye 
of some member or members of the Board after its 
blanks have been filled up for the special case. We 
understood him to say that even if such documents 
were brought in in a heap too numerous to be 
examined singly and approved thus en d/oc, that 
would be a perfectly fair and unobjectionable way 
of doing justice to owners such as Mr. Kain, and 
that in the difference between this procedure and 
what was done with business-like promptitude by 
the assistant secretary lies all the hardship inflicted 
upon Mr. Kain, although his lordship at the same 
time now says there is ‘“‘very reasonable excuse” 
for the course followed. 

There is more reason in his lordship’s opinion 
than appears at first sight. His lordship’s view is 
that the above approval by a member of the Board 
is necessary to make the act an act of the Board 
of Trade, and to entitle the owner to appeal to the 
Admiralty Court, If these forms bad been fol- 
lowed, ‘in this case no serious complaint could have 
arisen, and certainly no complaint of oppression or 
injustice, The report might have been a little too 
much in this or in that particular, but there would 
have been a definite and intelligible order made, 
against which Mr. Kain, if he had thought fit, might 
have appealed ; if he had not thought fit he might 
have abttahned from doing so.” 

We cannot help thinking that the practical dif- 
ference in this case would have just amounted to this; 
perhaps two days more time lost, the same orders pre- 
cisely, and no damages for Mr. Kain, for the then 
‘* perfectly just and salutary orders of the depart- 
ment as a department” would “ have been followed.” 
Thanks, however, to the glorious uncertainty of law 
Mr. Kain has by this hardship become entitled to 
1600/. damages. 

The settlement of the case is, however, in any 
point of view very satisfactory. On the one hand 
the plaintiff who has without doubt suffered 
damage gets his verdict without having to go after 
it through endless Courts of Appeal, and on the 
other hand the Board of Trade have the satisfaction 
of knowing that their action in the case has received 
the sanction and approval of the Court of Common 
Pleas, for that in effect is the result of the observa- 
tion made by Lord Coleridge, to whom the Board 
of Trade were willing to leave the whole matter. 
In doing so they must have known that they were 
leaving it to an arbitrament by no means favourably 
disposed to them, and in that view also the Board 
are to be commended. 

The practical effect of the settlement appears to 
be to leave matters exactly where they were before 
the action commenced as far as the legal points, 
which were as abstruse as they were multifarious, are 
concerned, so that whatever their defects or defaults 
the Board of Trade have not much to fear from 








others litigiously disposed. 





THE ROYAL SOCIETY SOIREE, 1879. 
(Concluded from page 400.) 

THE riments of Mr. ‘Crookes which were 
described in the first part of this notice,* occupying 
as they did a room to themselves, attracted a e 
amount of attention, and it is difficult to estimate 
which excited the greatest admiration, the extreme 
beauty of the illustrations of an altogether new and 
fascinating branch of physical research, or the ex- 
traordinary skill and ingenuity with which these 
illustrations were devised and constructed. 

In the second room, leading into the principal 
me Mr. Conrad W. Cooke showed a series of 
models and instruments to illustrate Sykes’s elec- 
trical interlocking block system for railway signal- 
ling. By this system, which has, since the disastrous 
collision at Sittingbourne, been generally adopted 
on the London, Chatham, and Dover Railway at 
the principal stations, it is rendered mechanically 
impossible for a signalman to lower his signals so as 
to admit a train into a section or “ block” of the 
line until he has received from the next station, to- 
wards which the train is travelling, a signal that 
the previous train has passed out of the block, and 
that the line is clear. The reception of this signal 
unlocks his signal lever, and not until this is done 
can it be moved. He can then lower his out-door 
signal, admitting the train into the section, but he 
is unable to signal ‘ /ine clear” to the station next 
above him until he has set up his out-door signal to 
show that the line below him is blocked ; the trans- 
mission of this signal unlocks the lever at the upper 
station, and the process is repeated. By this system, 
which we intend to illustrate and describe in detail 
on an early occasion, it becomes physically impos- 
sible for a collision to take place except through an 
engine driver over-running his signals, or a train 

ing in two, and the rear portion overtaking the 
ront carriages, Mr. Sykes has extended his system 
to the interlocking of points as well as of signals, 
and to the automatic locking and releasing of the 
signal levers by the train itself. 

Mr. Cooke exhibited also a very ingenious 
method of eliminating from outside signals errors 
caused by the variation of length or of tension of 
the signal wire coupling the lever to the semaphore. 
By this arrangement accumulations of snow upon 
the wires, which have on several memorable occasions 
brought about such disastrous results, can have no 
effect upon the semaphore arm, nor can the meddling 
by unauthorised persons with the wire itself, for 
however much the wire be pulled or drawn aside it 
cannot move the signal in the slightest degree. 
The principle is as simple as it is effective; the 
movement of the wire is communicated to the sema- 
phore arm through the intervention of an electro- 
magnetic clutch, the two halves of which are drawn 
together by electro-magnetic attraction, when a 
current of electricity is transmitted through the 
magnets which are concealed in one half the clutch. 
When the lever is in its normal position, that is to 
say, when the semaphore arm is standing at danger, 
the circuit is broken between the battery and the 
magnetic clutch, but the moment that the lever is 
moved from its position of rest the circuit is com- 
pleted, the two parts of the clutch become as it 
were glued together and the signal is raised or 
lowered by, the movement of the lever. We shall 
in an early notice describe this apparatus in detail. 

In the same room Captain Abney, R.E., F.RS., 
exhibited a first instalment of an enormous map of 
the solar spectrum, which is being prepared by 
himself, the measurements being taken from photo- 
graphs of spectra produced by a Rutherford’s dif- 
fraction grating, the prism with all its errors being 
dispensed with ; the portion of the map exhibited 
represents only that part of the ultra-red region of 
the solar spectrum which is included between wave- 
length 7000 and wave-length 9600, which will give 
some idea of the detail with which this map is being 
prepared, 

_ Professor F. Guthrie, F.R.S., exhibited a very 
interesting collection of circular discs of glass which 
had been broken by the application of heat and 
pressure when held at various parts of their surface. 

The interesting character of these experiments, to 
which we hope again to refer, lies in the typical 
form of the pattern produced by the lines of frac- 
ture which appears to run through the whole series. 
In all a fan-shaped spreading from a point on the 
circumference may be observed, in some cases being 
more complex than in others, some having branches 
and some tie simple, but the type is maintained 








* See ENGINEERING, page 389, ante. 
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throughout, although the fractures were produced 
under very varied conditions. 

Mr. ecuing exhibited two very interesting 
spectroscopes. In one of these the oe by 
which the spectrum is formed is produced by means 
of a diffractive grating, instead of by the ordinary 
method of refraction by means of a prism. This 
instrument, which has been constructed for Mr. 
William Spottiswoode, the President of the Royal 
Society, consists of a horizontal semicircular 
framing of brass, having its semicircular limb 
divided into degrees and minutes, over which a 
vernier attached to a radial arm moves and indi- 
cates the angular displacement of one of Mr. Ruther- 
ford’s diffractive gratings, which is attached in a 
vertical position to the arm at its centre of rotation. 
This grating is engraved with vertical lines, of 
which there are no less than seventeen thousand two 
hundred and ninety to the inch, and is a marvel of 
human workmanship. Fixed radially to one end of 
the semicircular limb are the two telescopes, the one 
serving asa collimator which carries the slit, and the 
other being the observing instrument, and the limb is 
so divided that when the vernier reads zero, which 
is at the middle position of the divided arc, the 
plane of the grating makes equal angles with the 
lines of collimation of the two telescopes. The 
other instrument was an automatic spectroscope 
designed by Professor Liveing, and which contained 
several improvements upon spectroscopes ordinarily 
constructed. The automatic arrangement, by which 
the several compound prisms of the series are caused 
to take up their proper relative positions at all 
angular displacements of the observing telescope, is 
beautifully simple and accurate, and is effected by a 
system of linkwork and radial slots, which would 
require drawings to render clear, but it is enough 
to say that by it the movement of the telescope in 
azimuth moves each of the groups of prisms at such 
relative speeds that they always remain equidistant 
from one another, and their axes always tangential 
to the radius of the circular path in which they 
move. The same contributor showed also a 
regulator for the electric light, which is designed to 
burn either in a vertical or a horizontal position. 

Mr. A. Hilger, whose name alone suggests great 
accuracy and beauty of workmanship in philosophical 
apparatus, contributed an interesting collection of 
spectroscopic apparatus, and Mr. Tisley showed a 
dynamo-electric machine very similar in construction 
to the earliest form of dynamo-electric machine 
made by Dr. Werner Siemens. Its characteristic 
feature, however, was the making the rotating 
armature hollow and passing a stream of water 
through an axis and out of the other, so as to absorb 
the heat produced in its action, and so keep the coils 
cool. 

Dr. Shettle illustrated a method of investigating 
the lines of force in bar magnets by means of very 
small test magnets of low intensity, each being 
suspended by a fine fibre of unspun silk. By this 
means its weight is taken off, and it is now free to 
move under the influence of feebler magnetic in- 
fluences than iron and steel filings, which possess 
considerable weight, and are further rendered un- 
sensitive to feeble magnetic currents by the friction 
between them and the surface upon which they are 
supported. 

Dr, Shettle states that by this method he has been 
enabled to demonstrate the spiral character of the 
lines of force in bar magnets, and that Ampére’s 
law is not correct when investigated by means of 
this method. 

Of the other objects of interest, which would take 

more space to describe in detail than we can spare 
on the occasion, nearly all have already been 
described in these columns. Thus Mr. E. A. Cowper 
exhibited his writing telegraph, described by us some 
time since,* by which a pen containing ink is 
caused by the combined action of two galvano- 
meters to reproduce the motion of a writing stile 
moved by hand at the transmitting station. This 
was shown in the principal library, and excited much 
interest and admiration. 
_ In the same room, and close to Mr. Cowper's 
instrument, was shown the whole of the very beauti- 
ful series of instruments made by Mr. Stroh for the 
very interesting research conducted by himself in 
conjunction with Mr. W. H. Preece upon the analyses 
of vowel sounds ; as we have already illustrated and 
described this beautiful apparatus,t we need not 
further allude to it in this notice. 

In the lower meeting room was shown Mr. 





Edison’s electro-chemical or loud-speaking tele- 
phone, which we illustrated and described more 
than a monthago.* This, as would naturally be 
expected, was a very great point of attraction. The 
instrument at the Royal Society was connected with 
a transmitter at the Royal Institution, and speak- 
ing, singing, whistling, and bugle-playing were trans- 
mitted from the distant station with perfect clear- 
ness, and with a power to be heard well all over the 
room. 

It is impossible within the space at our disposal to 
do justice to the many and very interesting objects 
of interest exhibited, but we have said enough to 
show that the Royal Society soirée of 1879, the first 
given during Mr. Spottiswoode’s presidency, was a 
great success, and one not soon to be forgotten by 
those who were privileged to be present, 








ON THE DISTRIBUTION OF LOAD UPON 
THE AXLES OF TANK ENGINES. 
By J. J. BIRcKEL, 

It may often be of great interest to know before- 
hand how, in the case of tank engines, the load on 
the axles is affected by the gradual removal of the 
store of water and fuel; the writer indeed having 
in his recent practice found out the truth of this 
introductory remark, has been led to work out a 
mathematical solution of this subject, which seems 
to him of sufficient general interest to deserve being 
brought before the engineering public. 


that the deflection of this spring alters very little, 
and consequently the variation of load on this inner 
bearing is so small that it may be practically neg- 
lected, The load on the second support therefore has 
been held to be invariable in the following investi- 
gation, The third —— is the hind coupled axle, 
which receives its | by means of a spring of 
the same flexibility as that of the front axle. 
Finally, the pivots of the bogie constitute the hind 
support, and the bogie frame transmits that part of 
the load half to each of the bogie axles, by 
means of springs, of which the flexibility is repre- 
sented by E.. 

In the present state of locomotive construction 
the position of the centre of gravity of a new engine 
or of its live load may easily be obtained from ex- 
isting data, either by direct approximation or b 
calculation from the weights of detailed pieces whic 
we may take as being absolutely known. We may, 
therefore, take it for granted that the centres of 
gravity of the live load of the engine both with and 
without its store of water and fuel are known. 

With the foregoing data and those given in the 
accompanying sketch, it remains only to be stated 
that the following calculations are based on the 
two facts or hypotheses now to be named, viz. ; 

1, The reaction of the three hind supports tends 
to produce a rotation round the front supports, 
which is prevented by the contrary action of the 
live load, acting in its centre of gravity, 

2. Any straight line, scribed upon the frame ina 





To consider a case which may be said to take into 


direction parallel tothe rail when the engine is loaded 
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its scope all other cases, the writer has dealt with 
an engine having three ye axles under the 
boiler, with a four-wheeled bogie behind, on which 
bogie the store of water and fuel is chiefly carried. 
This class of engines seems to be coming into 
favour, on account partly of the stability which is 
obtained from their long wheel base, and partly on 
account of the small fluctuation which the working 
load sustains by the removal of water and fuel. 

In the case under consideration, therefore, the 
load is carried upon four points: The front sup- 
port is the swivel or shaft of the compensating beam 
z, of which the length of arms is respectively z, and 
z,;and which transmits the load on to the front and 
driving axles, by means of springs of which the flexi- 
bility per ton is represented bye. The second sup- 
port is the inner bearing of the driving axle which 
receives a small load through the medium of a very 
flexible spring. As the load on the front support in- 
creases, whilst that on the hind one decreases by 
the removal of the store of water and fuel, it follows 
from the inclined position, which the framing takes, 








180 ante. 
ante. 
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* See ENGINEERING, page 238 ante. 





with its store of water and fuel, will remain straight 
when this load is taken off; but it will become in- 
clined with regard to its original position, and the 
amount and direction of this inclination will depend 
upon the variation of load on the several supports, 
and upon the relative flexibility of the springs. 

This fact is more _ illustrated in the ac- 
companying sketches, Figs. 2 and 3. 

In order to be perfectly clear, the problem to 
be solved may be defined as follows: ‘The dis- 
tribution of the load on the several axles of a tank 
engine being given, when it is provided with its 
store of water and fuel, and there being also given 
the centres of gravity of the live load of the engine, 
both with and without its store of water and fuel, to 
define by calculationand in terms of known quantities, 
the distribution of the load on the same axles when 
the store of water and fuel has been taken away.” 

The conditions of equilibrium for the two condi- 
tions of load of the engine are expressed as follows : 


RL+Qlk+pl=Wda . (1. 
Bute top y=! @! (2) 
P=W-R- * . : @) 
Pi=W'-R—Ql—p . (4 
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from these we obtain by subtracting one equation 


from the other 
L (R—R') +1, (Q-Q)=W d-W' d! (5.) 





and 
Pi-P=W'+R+Q—W-R'—Q! (6.) 
from equation (5) we obtain also 
q-q'= d—W! 7 (R—-R') (7.) 
and likewise from equation (2) 
qa d'—R'! L—p , (8.) 


It may be remarked here at once that with an en- 
gine having single frames and inside bearings only 
the quantities p and p /, would fall away and the 
postion would be simplified to that extent. 

It is necessary now to examine what becomes of 
the straight line A B (see Figs, 1 to 3) when the engine 
has lost its load of water and fuel, and it will be 
perceived at once that the front end gets loaded, 
whereas the hind end gets unloaded by this change 
in the condition of load of the engine; therefore 
the point of that line which corresponds with the 
axis of the shaft of the compensating beam drops 
down, and that corresponding with the axis of 
the pivot of the bogie rises. It may now be seen at 
one glance that the accession of load received by 
the spring of the outer bearing of the driving axle is 


°o (P'—P), and the quantity by which that spring 


is compressed is E =9 (P'—P) ; the accession of load 


received by the spring of front axle is  (P'—P), 


~ 


and the quantity by which that spring is com- 
pressed is E +! (P'—P); and as the shaft of the 


compensating beam may be ~~ oy to lie upon 
the straight line which may be drawn between the 
front al of the driving spring and the hind end 
of the front spring, it will readily be seen that the 
quantity 4 by which the shaft of the compensating 
beam drops down is : 


h=E *2 (P'—P) +41. E“!—*2 (PI—P)= - 
E t fot 2,2 —2, Zo (P'—P); 
22 


let us put 


%o A227 —% FO, 


22 
With regard to the numerical value of C, let it 
be remarked at once that it is equal to 0.5 when 
the two arms of the compensating beam are equal, 
that is to say when =,=z,, and that it will probably 
never exceed 0.52, which is its value when the ratio 
of the arms is as 2 to 3, as is the case in the example 
under consideration. It would be equal to 1 if the 
front support was an axle instead of being the shaft 
of a compensating lever. We may, therefore, put 
as a general.case 
h=EC (P'—P) 
substituting for P'—P its value found in (6), we 
have 
h=E C(W'+R+Q—W—R'—Q’), 
and again substituting for Q' its value found in (8), 
we have 
h=E}C (W'+R+Q—W—B)— 
C Ww a—R! L—p My (9.) 
On examining carefully the accompanying figures, 
it will be seen that the quantity 4, on the axis of the 
hind support consists of two quantities, namely, of 
the nay | h by which the shaft of the compensa- 
ting beam has dropped down, and of the quantity 
corresponding to the unloading of the bogie springs, 
we have, therefore, 
hi=E'} (R—R')+h 
and if we put E1=n E, we get 
h=E [ Fa- R!) +0 (W'+R+Q-W-R!)— 


og Wid-RIL~-pl). . (10.) 
Again, on examining the accompanying sketch 
(Fig. 3) it will be seen that in the two triangles 
abcand dec we have the relationad:bc::de: 
ec, or 
hy: Lisi hg ily 
whence 
ho = hy lo 
substituting in this equality for 4, its value given in 
(10), we obtain, 
ny 
ho = BE | 2 (R-R1)+0(WI+R+Q-W- R) - 
o Widl-R! E=ph) 


us 


(11.) 


but we have also 
ho=E (Q-Q') +h 


and substituting for Q—Q' and 4 their values as 
given in (7) and (9), we have 


hoz | W4-W'd'-L(R-R), 





ly 
O(W'+R+Q-W-R')-0 wer L—Pl) qe) 


equating these two values of 4, and dividing imme- 
diately by E we find 
lof ™ R-RI)+C(W'+R+Q-W-R)- 
oWs= WL—ph,] _ Wé-Ws-L@—B, 
lo 





lo 
ee 
C(w'+R+Q—W—R)— OW eR Lal ~ L—2h 
oO 

In this equation there isonly oneunknown quantity 
left, namely, R', and if we effect the multiplications 
and make the transpositions so as to have all the 
terms containing the quantity R' on one side, we 


obtain 
Ww aw a‘ sR (z +22) +C (W!+R+Q-W) 
1-& ) -c W'@—ph(,_ 
L lo 


L = 
'[ ec- -2(2 
R'[ 20 Ec+)) GG +o )], 


and finally 


piaWd-W'd_p(L mle 


+5? +C(W'+R+Q-W) 
W'd'—-pl, ¢ -?) 
lo L 


a lo 
(\-2)-¢ 
L 
ec—l —lo fm 
2c i, (C+1) i (3 +0 ) 
when R' is found, the loads Q' and P! are obtained 
by equations (8) and (4). 

If we calculate R' by the above equation (13) 
with the data given on the accompanying figures, 
and if we put »=1.314 and C=0.52, we find 

R!'=3555 kilos., Q'=8170 kilos., and P'=16,275 kilos. 

These figures show a diminution of load of 
1830 kilos, on the hind coupled axle, and an increase 
of load amounting to 1675 kilos. on the shaft of the 
compensating beam ; a result which it was important 
to ascertain beforehand in order to arrange the load 
in such a manner as to insure as much as practically 
possible, equal variation of load on the coupled axles, 
and equal wear of the tyres of the coupled wheels, yet 
at the same time to keep as much load as possible 
on the bogie. 

It may now be seen also to what extent the 

ressure p on the inner bearing of the driving axle 
oe been affected by the change of load which the 
engine has undergone, for the quantities 4, 4,, and 
h, may now easily be calculated: If we make E= 
7 mm., E'=9.2 mm., and the flexibility of the spring 
of the inner bearing of the driving axle 20 mm, per 
ton we find A=6.1 mm., 4,=35.28 mm., 4,=7.2 mm. ; 
and as 4, is made up of the increase of the deflection 
of the inner bearing spring, and of the quantity 4, 
this increase of deflection amounts to 7.2 mm.— 
6.1 mm.=].]1 mm, which corresponds to a decrease 
of load of 55 kilos. on that bearing. A trifling 
amount like this may well be neglected in practice, 
and in the case under consideration so much the 
more, as the increase of load on that bearing in- 
volves an increase of load upon the shaft of the 
compensating beam, which to the extent of two- 
fifths of its amount falls back again upon the outer 
bearing of the driving axle. 

It only needs to be added now that the general 
equation (13), which gives the value of R!, is ap- 
plicable to all cases which may present themselves 
in practice ; for instance, if. the engine is provided 
with inside bearings only the load p and the quantity 
pi, fall away, and the term 


orn e—25 ( 1-2) 
ls L 
becomes simply 
-oF( 1—!0 ) ; 
lo L 


again, if the front support is an axle instead of being 
the shaft of a compensating beam, in which case the 
engine would have four coupled wheels only, the co- 
efficient C becomes equal to unity, and the equation 
takes the following shape : 
Ri= we-ws-E 28 2 )+W'+R+Q-W) 
0 U 2L 


0 
( 1—"o } WW" a ( 1— 
L lo L 
2-2h 


lo n 
—2f 14+ — 
=~i( +3) 


(13.) 








(13a.) 





and if the bogie behind is transformed into a Bissel 





truck with single axle, or into an ordinary carrying 
axle the quantity = changes into simply. 


Finally, the load of water and fuel may be so placed 
upon the frame that their removal causes a reduction 
instead of an increase of load upon the front rest; 
in that case we should have 4=E C (P—P") instead 
of EC (PI—P); also 4,=E)4 (R—R')—A instead 
of E' 4 (R—R')+4A, and 4,=E (Q—Q')—A instead 
of E (Q—Q')+4, but the equations (13) and (132) 
would remain absolutely unchanged. 

On closely examining these equations we may 
easily see how the load R' is affected by the flexi- 
bility of the bogie springs, and by the position of 
the hind coupled axle; upon effecting the calcula- 
tions it is found that the quantities 


-R(F +3 lo 
i 2k 


W'd'—pl 1 
_. t a : 
(0-2) 


are those which have the greatest influence upon the 
value of R', and it is easy to see that their nu- 
merical value will be greater in proportion as /, is 
smaller relatively to L; and as # figures as multi- 
plier in one of these quantities, it follows that R' 
increases with the relative flexibility of the bogie 
springs. In the case under consideration, for in- 
stance, this increase amounts to 340 kilos. (say 
8$ cwt.) as com with what it would have been 
if the bogie springs had been of the same flexibility 
as those of the coupled axles. 


and 





SHAPING MACHINE. 

WE give on page 444 a perspective view of a shaping 
machine with double heads constructed by Messrs. Sharp, 
Stewart, and Co., Limited, of Manchester. The design of 
the machine, which is thoroughly good and substantial, 
is clearly shown by our engraving, and but a short de- 
scription will therefore be necessary. The machine has 
a stroke variable up to 13 in., and a quick return motion. 
The bed is 12 ft. long, and as will be seen from our 
engraving it carries two heads working independently, 
and each having a traverse of 4 ft. 

The machine is adapted for shaping plane, angular, and 
curved surfaces, and is self-acting in the horizontal 
and circular cuts. By the arrangement for circular 
cutting, articles up to 12 in. in diameter can be shaped. 
The saddles are adjustable and the tables vertically, 
while to insure perfect steadiness of the table when the 
tool is cutting, the saddles are supported below by a 
stretcher running from foot to foot. A machine similar 
to that we illustrate was shown by the makers at tho 
Paris Exhibition last year. 








EDISON’S LOUD-SPEAKING TELEPHONE, 

On Wednesday evening last, Mr. Conrad W. Cooke 
delivered a lecture before a crowded audience at the 
Society of Arts on Edison’s loud-speaking telephone. 
This title does not, however, indicate the scope of the 
lecture, which, commencing with a brief review of the 
progress of telephonic telegraphy, explained the principles 
which govern all articulating telephones, from the simple 
string instrument to the latest and wonderful develop- 
ment of Mr. Edison. This latter was shown in opera- 
tion, and astonished the audience by the volume of 
sound produced by its vibrating diaphragm and by the 
clearness of its articulation, The instrument exhibited 
was the same that was recently shown to the Prince 
of Wales, and besides being only one of the first models 
made, has the chalk cylinder nearly worn out; but in 
spite of this drawback it left little to be desired. We 
believe that much more perfect instruments are on their 
way from America, Pressure on our space compels us 
to defer till next week the publication of Mr. Cooke’s 
most successful lecture. 








IMPROVEMENT OF DUBLIN HARBOUR. 
Ar the meeting of the Institution of Civil Engineers, 
held on the 20th of May, Mr. Bateman, F.R.S., President, 
in the chair, the paper read was on “‘ The Improvement of the 
Bar of Dublin Harbour by Artificial Scour,” by Mr. John 
P, Grifith, Assoc. Inst. C.E. et tials 
e primary object 0: early engineering efforts con- 
nected with the Port of Dublin ap to have been to 
provide a safe approach for vessels to the city. With this 
in view the Great South Wall was constructed during the 
18th century. The Rivers Liffey and Dodder, discharging 
into the sea at the head of Dublin Bay, flowed over 
extensive strands laid bare at low water, and the channel 
cut by the rivers was used by vessels entering the port. 
The Great South Wall was built to shelter this channel 
from southerly winds, and also from the encroachment of 
sand. When completed, it accomplished to a great extent 
the objects looked for by its designers. Portions of the 
channel up to the city were still, however, very shallow, 
and attention was also drawn to a shoal beycnd the extre- 
mity of the new wall, known as Dublin Bar. This bank 
stretched from the north side of the bay across the entrance 
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to the harbour in the form of a hook. The deepest water 
for vessels was round the end of this hook, but across the 
bank, in a direct line to sea, there was only a depth of from 
5 ft. to 6 ft. at low water of spring tides. At the beginning 
of the present century many eminent engineers and naval 
officers were consulted respecting further improvements. 
Captain Bligh recommended a wall along the north side 
of the channel; Sir Thomas Hyde Page proposed a similar 
wall, and the formation of an island on the bar; while a 
proposal to construct an embankment or wall extending 
from the north shore towards Poolbeg emanated from the 
Corporation for Preserving and Improving the Port of 
Dublin, better known as the Ballast Board. Mr. Rennie, 
at that time considered the highest authority on the im- 
provement of harbours, prepared an elaborate scheme, but 


he predicted little likelihood of much improvement on the: 


bar. He expected an increased depth of 3ft. of water as 
the result of an estimated expenditure exceeding 655,0001. 
To provide a better approach he considered it essential to 
construct a ship canal from some point on the adjacent 
coast, where deep water might be obtained, and finally re- 
commended this entrance to be made close to the present 
site of Kingstown Harbour. Mr. Rennie’s estimate for this 
work was 489,7347. From 1802 to 1819 the question of the 
improvement of the bar appeared to have been in abeyance. 
Probably Mr. Rennie’s scheme, from the large expenditure 
it would have involved, and the smallness of the results 
anticipated, tended to deter the Government from advancing 
the necessary funds for any icular scheme. About 
1819 the Ballast Board found themselves in a position to 
carry out their own project of a wall or embankment from 
the Clontarf shore. Its object was to protect the harbour 
on the north side from the encroachment of sand, to shelter 
it from northerly and easterly winds, and to direct the 
tidal and river waters in a fixed channel across the bar. 
Before, however, beginning this work an accurate survey 
of the river and bar was made by Mr. Francis Giles. 
Under the joint direction of Mr. Giles and of Mr. Halpin, 
the engineer of the Ballast Board, the rabble embankment, 
now known as the Great North Wall, was constructed, 
extending about 9000 ft. from the Clontarf shore, its 
extreme end being about 1000ft. north of Poolbeg Light- 
house. Over 5500ft. of this wall rose above high water, 
the remainder being below that level, and the extreme 
2000 ft. only reaching on the average half tide. 

During the first half of the ebb, the tidal and river waters 
running out of the harbour flowed partly over the sub- 
merged wall and partly through the harbour entrance, 
between its termination and Poolbeg Lighthouse. As soon, 
however, as the tide fell below the level of the wall, the 
water contained within the two great piers of the port 
passed through the contracted entrance at Poolbeg. The 
velocity of the stream was thus greatly increased, and a 
channel had been formed across the bar with 16 ft. at low 
water of spring tides, where, in the year 1819, there was 
only a depth of 6} ft., and there was reason to believe that 
a still further increase might be looked for. As the im- 
provement of the bar appeared to be due to the water dis- 
charged from the harbour during the second half of the 
ebb, any addition to the tidal capacity of the harbour below 
that level might be expected to produce a corresponding 
increase in the depth on the bar. Such an increase in the 
tidal capacity of the harbour was actually taking place by 
the lowering of the North Strand, the result of dredging 
ballast, and the wasting away of the bank. 

The consideration of the difficulties overcome in the im- 
provement of the approach to the Port of Dublin naturally 
led to the inquiry, what were the dangers which beset the 
maintenance of the deep water channel across the bar. These 
might be briefly summarised as reclamation within and out- 
side the harbour. Reclamation inside the harbour would 
be dangerons as an encroachment on the scouring capacity 
of the harbour. Reclamation outside would result in the 
reduction of the area upon which sand entering the bay was 
at present deposited, would tend to drive the low-water 
mark rapidly further out to sea, and greatly endanger the 
channel across the bar. 








NOTES FROM THE NORTH. 
GuLascow, Wednesday. 

Glasgow Pig-Iron Market.—The warrant market was 
duller last Thursday, and prices closed about 14d. per ton 
under those of the preceding day. Business was done in 
the morning at from 42s. 9d. to 423. 104d. cash, and at 43s. 
one month, sellers at the close asking 42s. 10}d. cash, and 
433. 1d. one month, and buyers offering 1d. per ton less. 
In the afternoon from 42s. 11d. to 42s. 10}d. cash and 
43s. 1d. one month were paid, and the market closed with 
buyers at 42s. 10}d. cash and 43s. O}d. one month, and 
sellers near. There was a very dull market on Friday 
and prices receded to the extent of 2d. per ton, and closed 
at that amount under the previous week’s final price. Iron 
changed hands in the morning at 42s. 10d. to 42s. 9d. cash, 
and at 43s. to 42s. 11d. cash one month, sellers at the close 
asking 42s. 9d. and 42s. 11d. cash and one month respectively, 
and buyers offering 1d. per ton lower. In the afternoon 
42s. 8)d. cash, and from 42s. 11d. to 42s. 10}d. one month 
were paid, and the market closed with buyers at 42s. 84d. 
cash, and 42s. 10}d. one month, and sellers near. There 
was a further decline in prices on Monday, business being 
done during the forenoon at 42s. 74d. to 42s. 6d. cash, 
and at 42s. 9d. one month, and buyers at the close offering 
42s. 6d. cash, and 42s. 8}d. one month, with sellers ver 
near. Inthe afternoon there were transactions at 42s. 6d. 
to 42s. 7d. cash, and at 42s. 74d. to 42s. 9d. one month, the 
market closing with sellers at 42s. 7d. cash, and 42s. 10d. 
one month, buyers offering 1d. per ton less The warrant 
market was much depressed yesterday, and buyers were 
holding off in expectation that the Durham strike was 
about to terminate. Prices went down 3d. per ton, making 
a fall of 44d. since last week’s close. Business was done 
in the morning at 42s. 6d. down to 42s. 44d. cash, and from 





42s. 8d. to 42s. 7d. one month, the market closing with 
sellers at 42s. 4}d. cash, and 42s. 7$d. one month and 
buyers offering 1jd. less. The only transaction recorded 
in the afternoon was done at 42s. 4d. cash, and the market 
closed with sellers at 42s. 44d. cash, and 42s. 7d. one month, 
buyers offering 42s. 34d. and 42s. 6d. respectively. The 
final quotation was the lowest price touched since the 
middle of January. To-day’s market was very flat, and 
even lower prices were accepted. In the forenoon there 
were some transactions at 42s. 3d. to 42s. 2d. cash and 
42s. 5d. one month, the market closing rather buyers at 
42s. 2}d. cash and 42s. 5d. one month fixed, sellers holdin 
out for a shade higher. The same dull feeling continu 
in the afternoon, and prices scarcely experienced any 
change. The market has been quite devoid of animation 
since, and as the settlement of the Durham dispute was to 
a large extent discontinued there was no marked effect on 
prices for a few days. Nowthat there is a prospect of the 
import duty on pig iron sent to Germany tone imposed 
at an ow date, the shipments to the Continent will pro- 
bably fall off considerably. Coltness No. 1 iron was 
reduced in price 1s. per ton by the makers last week, and 
other brands became a shade easier; indeed, it may be 
said that makers’ iron generally is being pressed on the 
market, and that prices as a rule are from 6d. to 1s. per 
ton lower. The home trade is fair, especially for No. 3 
iron. In reference to the great failures which took place 
in Middlesbrough, coupled with those which had previously 
occurred in the same district, it is argued that they show 
very conclusively that the ability to produce very cheap 
iron in that district at a profit, of which so much has been 
heard in recent years, has not been ree by the financial 
results. And it is further remarked that these pecuniary 
collapses show that the Scotch ironmasters are better able 
to compete with the Cleveland district than has been 
generally supposed, especially for consumption in Scotland. 
The shipments still show favourably, but the German 
exports continue to bulk most largely in the returns. 
Last week’s shipments from all Scotch ports amounted 
to 9919 tons as against 7820 tons in the corresponding 
week of last year. There is no alteration to note in the 
number of blast furnaces in operation, the total still being 
87 as compared with 89 at the same time last year. A 
large quantity of pig iron has again been sent into the 
public warrant stores, the stock with Messrs. Connal and 
Co. up till last Friday night amounting to 260,994 tons, 
showing an increase of 3957 tons. 


Wick Harbour Bill.—At a meeting of the Town Council 
of Wick, held on Monday, it was a; to withdraw its 
opposition to the Harbour Bill. A letter was read from 
the secretary of the British Fisheries Society stating that 
security had been given that the Harbour Trust would have 
the use of the society’s quarries, and that the points re- 
garding limits would be dealt with in a liberal spirit. 
There is now every prospect of the Bill being passed this 
session, and of the new trust being in working order by 
the beginning of next year. An effort will now have to 
be made to get the Government debt of 60,0001. cancelled. 


Blochairn Iron Works.—There has been a good deal of 
talk lately about the probability] of the well-known and 
extensive works of the Blochairn Iron Company, which 
have been lying idle for several years, being purchased with 
the view of being adapted for steel-making purposes. An 
offer of 50,0001. was made to the liquidator a few weeks 
ago, and there seemed to be at the time a disposition on the 
part of the creditors to close with the offerer, Mr. Andrew 
S. M‘Clelland, accountant, and one of the directors of the 
Steel Company of Scotland ; in the meantime, however, the 
negotiations for the purchase of the concern have been in- 
terfered with, if not actually broken off. While some of 
the creditors are willing to accept the sum mentioned, 
others consider it advisable to take no action in the matter 
until business improves. It has lately been stated by a 
leading financial paper that the works and plant cost be- 
tween 300,0001. and 400,0007. 


Institution of Engineers and Shipbuilders.—A_ special 
meeting of the Institution of Engineers and Shipbuilders 
in Scotland was held last night for the purpose of over- 
taking some business left over at the closing meeting of 
the session. Mr. John Mayer, F.C.S., exhibited some 
specimens illustrating the Thomas-Gilchrist process of 
making steel from Cleveland pig iron in the Bessemer con- 
verter, and gave a short description of the same. Discus- 
sions subsequently took place on three papers read respec- 
tively by Messrs. R. D. Napier, Robert Mansel, and James 
Howden, the subjects being, on “The Flow of Water 
through Orifices ; being a description of Experiments to 
determine the Hydraulic Pressures in various parts of a 
Stream when passing through an Orifice in a Cistern con- 
taining Water ;”’ on ‘‘ The Efficiency of Steamships :’”’ an 
** On the Reaction of the Screw Propeller ; with a Review 
of the Theory of the late Professor Rankine.”’ 








NOTES FROM THE SOUTH-WEST, 

The New Eddystone Lighthouse.—The Trinity Board 
announce that their Royal Highnesses the Duke and 
Duchess of Edinburgh will lay the foundation stone of the 
new Eddystone Lighthouse. It has for some time been 
uncertain whether the Prince and Princess of Wales or the 
Duke and Duchess of Edinburgh would perform the cere- 
mony ; but the latter have now accepted the task. The 
day fixed is the lowest spring tide, when the reck at one 
o’clock will be thoroughly bared, and the duchess, if the 
weather be fine, can land upon it, and lay the stone. There 
will also be some ceremonial at the quarries where the stone 
for the lighthouse is being procured. 

The Avonmouth Docks.—On Friday these docks were 
visited by the traffic committee of the directors of the 
Midland Railway Company, accompanied by Mr. Allport, 
general manager. The directors expressed themselves 


much pleased with the progress made, and the general 
accommodation afforded at the docks, and ins with 
much interest the extra lairage and slaughter-houses pro- 
vided for foreign cattle. They also intimated their inten- 
tion of opening next month the line from Clifton Station to 
Avonmouth for passenger c. 


The Colliers in the Neath Hb mos regi proprietors of 
the Bryncoch Colliery having refused to give the increase 
of 10 per cent. demanded by the men, all the miners have 
struck work, and brought out their tools. The notices of 
demand made by the miners at the Cwmdu and Brithdir 
pits for a similar increase expired on Saturday, and as the 
masters are determined not to yield, the whole of these 
extensive works will be idle. Anything more suicidal than 
the present policy of the men it is impossible to conceive, 
— “A their families, even now, being in a state of semi- 
starvation. 


The Sirhowy Works.—The ‘blowing in” of the fur- 
naces is expected to take place this week, and all the old 
hands are to have their work back if they apply in time. 


FOREIGN AND COLONIAL NOTES, 

Foundry Pig in North-Eastern France.—A po deposit 
of ore known as ‘‘ Minette’ extends through the north- 
eastern portion of France, commenaing near Longwy and 
ending in the immediate vicinity of the Luxemburg and 
Belgium. This deposit, which is many feet in thickness, 
was the foundation of a great iron industry, which ten 
years ago made exclusively white mill pig, the ore running 
too high in phosphorus—from 0.4 to 0.7 per cent.—to admit 
of the manufacture of any other grades of iron. In the 
beginning of the decade, however, Whitwell stoves were 
introduced with success into the old works, and the 
new ones, createdjby the great demand for iron after the 
Franco-German war ; and thus the entire iron industry of 
the district assumed a different character. The majority 
of the new works and many of the old furnaces became by 
reason of the improvements introduced, producers of 
foundry iron under such exceptionally favourable circum- 
stances, that they have been able to pass through the pre- 
— oe in metallurgical industry without suffering 
actual loss. 


The Metric System.—From a statistical table recently 
constructed by M. Malarce, it appears (1) that the decimal 
metric system of weights and measures is now established 
legally and compeey = 18 states, comprising a popu- 
lation of 236,000,000 inhabitants (these states are France 
and olonies, Belgium, Holland and colonies, Germany, 
Sweden, Norway, Austria, Hungary, Italy, Spain, Portugal, 
Roumania, Greece, Brazil, Columbia, Ecuador, Peru, Chili, 
and the Argentine Republic) ; (2) that it is made legally 
optional in three states, having a ulation of 75,000,000, 
viz., England, Canada and the United States ; (3) that is is 
admitted in principle or partially for customs, in five states, 
with 343,000,000 inhabitants, viz., British India, Russia, 
Turkey, Venezuela, and Hungary; (4) and that, alto- 
gether, the system is established compulsorily or optionally, 
or in principle, in 26 states, comprising 655,000,000 inhabi- 
tants. Four states have different systems, decimal as to 
multiples and divisions, but based on another unit than 
the metre. They comprise 471,000,000 inhabitants, and 
are Switzerland, Mexico, Japan, and China. To these may 
be added some mediocre states with various systems, non- 
decimal and non-metric. It appears, then, that in 1878 
more than half the population of civilised states, comprisin 
1,180,000,000 inhabitants, legally recognise the decima 
metric system of weights and measures. y get part of this 
progress has been made in recent years. 


Locomotive Clocks on the Northern of France Railway. 
—The locomotives on the Northern of France Railway are 
now provided with small clocks, placed in front, at the 
bottom of the smokestack. These clocks are regulated ac- 
cording to Paris time, and are not affected by the vibration 
of the engine. The object is to enable the drivers and 
guards to know the exact hour of the arrival of a train at 
a station. Thestation clocks vary sometimes, and a delay 
of a few minutes is enough to disarrange the service. 


Working Expenses on the Southern of France Railway. 
—The ratio of the working expenses to the traffic receipts 
on the Southern of France Railway declined last year to 
39.76 per cent, as compared with 40.72 per cent. in 1877. 


Permanent Way on the Allegheny Valley Railroad.— 
The improvement of the condition of the permanent way 
of the Allegheny Valley Railroad was continued last year, 
and to it is largely attributable an almost entire immunity 
from train accidents, and a low percentage of expenses. As 
one result, there was not a single passenger killed or in- 








d | jured on the roads of this company during the past year. 


‘There were placed in the track during 1878, on the River 
Division, 2027 tons of steel rails, and 46,353 white oak 
crossties, increasing the proportion of steel rails in that 
division from 53 per cent. to 704 per cent., or out of 144 
miles of double and single main track 1004 miles were laid 
in steel. There were laid in the track of the Low Grade 
Division, 1021 tons of steel rails, and 11,567 white oak 
cross ties during the year, making out of 110 miles of 
single main track 23} miles of steel rails. 


The French Iron Trade.—The iron trade has ruled firm 
in the French department of the Haute-Marne; no im- 
rovement has, however, occurred in prices. In the 
Loire-et-Rhéne the iron trade also presents a better tone, 
and a rise in prices is regarded as probable. 


Algerian Minerals.—Inclading a balance of 11,1462, 
brought forward from 1877, the profits of the Mokta-el- 
Hadid Magnetic Iron Minerals “vd for 1878 were 
97,1331. Of this sum, 72,2001. is being paid away in 
dividends upon the share capital ; and after making sundry 
other allocations, the council of i tion is enabled to 





carry a balance of 18,0761. forward to the credit of 1879. 
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SHAPING MACHINE. 


CONSTRUCTED BY MESSRS. SHARP, STEWART, AND CO., LIMITED, ENGINEERS, MANCHESTER. 





IRON AND STEEL INSTITUTE. 

WE printed last week the discussion which took 
place on Wednesday the 7th inst., at the meetings 
of the Iron and Stee! Institute, on Mr. Adamson’s, 
Mr. Maynard's, and Mr. Barnaby’s papers, and we 
now print the adjourned discussion on the same 
ama which took place on the following day, 

hursday, the 8th inst. ‘The discussion was re- 
opened by Mr. Head, who said : 


(For Description, see Page 443.) 
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the John Bowes, the first screw collier, was built in 1851, 
and was therefore nearly 30 years old: and on the Tyne | 
there were several iron ships which were running across 
the North Sea at the time, and still seemed to be doing 
good service. Under these circumstances iron in ships 
seemed to stand very well; barring arene the ground, 
bumping the rocks, or collisions, they seeme 
and of course steel ships in cases of collision are very little 
better than iron ones. At the present time, too, iron ship 
lates are only about half the price of steel plates, and 
Cones f only per cent. of the ships built last year were steel. 


As a manufacturer of the shipbuilding iron, it seemed to | With regard to boiler purposes, no doubt in many cases 
him that the present discussion turned in the direction of | steel is much better, such purposes, for instance, as flang- | 


strongly advocating 


steel to supplant the iron used in the | ing; but iron could be made to form Galloway tubes for 21. 


manufacture of ships and boilers. At a meeting of the | aton less thansteel. It need not be thought that the iron 


Institute of Naval Architects some time ago, some 
spoke of shipbuilding plates, or, more properly, he said, the 
might be described as ship-sinking plates. That remar 
was not contradicted, but was greeted with laughter. He 
did not think that was fair. e noticed on Wednesday, 
that in the discussion when allusions were made to iron 
shipbuilding plates, though they were not greeted in that 
way, still something like a smile passed over the audience, 
as though the feeling was that iron shipbuilding plates 
were out of the question. He wasone of a firm of mannu- 
facturers of iron ship and boiler plates on a large scale, 
and during two years they kept an exact account of the 
number of plates returned as faulty, and reduced them to 
a percentage of the total number sent out. He believed 
one-quarter of the whole quantity produced were either 
test plates for shipbuilding, or boiler plates. A great many 
were used for flange plates and ‘#alloway tubes. It should be 
remembered that some of them were severely tested, the 
keel plate being bent at right angles. A plate 3 ft. 6 in. 
wide and 3 in. thick, after 
with holes, was bent across the grain with a curve of 6 in. 
in 3ft.6in. They were bent cold; they used to be heated, 
but now they were used coldfor punching. He did not com- 
plain of that practice, but he pointed ont that if these thick 
plates would not bend across the grain under these circum- 
stances they were rejected, and their iron plates had to be 


made to stand that severe working. Taking the rejections | 
| with Martin-Siemens steel. 


of keel plates bent at right angles across the grain, taking 
also the rejections for loway tubes and flanges during 
two years, the total rejections in iron plates numbered one 
in 250. Under these circumstances he did not think it fair to 
talk of oes and building plates in the same breath. 
In shipbuilding the tests put on iron in the course of con- 
struction was probably more severe than the ship had to 
stand af 8, except in cases of touching the ground, or 
in collisions ; and when they considered what the plates had 
to stand, he thought the description given of iron was not 


afair one. As to comparing steel with iron ships in respect | 


of strength, Mr. Barnaby almost complained that steel 
could not be expected to supersede iron so rapidly as might 
be desired, because iron ships would not wear out quickly 
enough. Some tleman alluded to the Great Britain 
made in 1846. He saw the other day in the Times that 


ing punched, almost riddled, | 


| exposition, given the composition of the steel itself. 


rson | manufacturers in the North of England were so unwise as 


to shut their eyes to what was goingon. No doubt when 
the public wished steel rather than iron, the manufacturers 
weal adapt themselves to the demand, and make steel ; 
but the moment had not yet come, and, in his opinion, it 
would be a gradual and slow change. 

The next speaker was Mr. I. Lowthian Bell, who, 
after some general remarks on what bad been stated 
in the course of the discussion, defended Mr. 
Barnaby from the imputation of having inten- 
tionally underestimated the number of ships which | 
had been built of steel, and observed that the great 
thing which had prevented the more extensive use 
of steel for shipbuilding was its cost. Proceeding 
then to the discussion of Mr. Barnaby’s paper, he 
said : 

He quite agreed with Mr. Snelus in the observation that 
it was to be regretted that no information was given by 
Mr. Barnaby as to the chemical composition of the steel 
operated on. From that defect he was glad to see | 
that the paper of Mr. Adamson was entirely free. Along | 
with the tests of steel, Mr. Adamson had, in his very luc 

t did | 
strike him that in Mr. Barnaby’s paper there was rather 
too much of an attempt made to compare Bessemer steel 
He did not pretend for a | 

moment that that was not a very appropriate subject for 
discussion, but he thought that before entering into sucha | 
discussion, they ought to be farnisked with the means of 
forming an opinion. In the absence of any intimation re- 
lative to the chemical composition of the two kinds of steel, 
they would not be able to pursue the inquiry as fully as 
might be desired. Of course, in making a comparison be- 
tween two systems of operation it would be necessary to 
| know if the quality of the pig iron was in eacb case the 
same, in abe that they might judge whether the condi- | 
| tions and circumstances attending decarbonisation of pig | 
iron was more complete or less complete in the Bessemer 
| than in the Martin-Siemens process. He thought that 
| an might take it for nted that most excellent steel 
| could be produced by either provess. He had in his posses- 





mM 


| 


Wi 


) 
Wi 


/ 


———— J 


a 


uit | 
MULT] 


Frimeeculr 


sion some excellent specimens of cutlery sent from Sweden, 
made entirely from Bessemer steel. They all knew, also, 
from testimony that could not be impeached, that most 
excellent work had been produced by the process elaborated 
by Mr. Siemens. The question, therefore, really to be de- 


| cided would probably come to one of relative economy ; 


good enough, | 


| like four blows of the falling weight. 


that, like the question of the supersession of iron, was a 
thing which could be scarcely determined it that room ; it 
was one which would speak for itself. The open-hearth 
process had now reached such a position that it produced 
about 17 per cent. of the whole of the steel made in the 
world generally. They might take it for granted, there- 
fore, that this was the best test of its economical value. 
But it was to be remembered, in respect of the open-hearth 
process, that it was not so antiquated as the Bessemer 
process. Mr. Bessemer launched his brilliant invention 
into the world almost, as Minerva was said to have sprung 
from the brain of Jupiter. It was almost an accomplished 
fact in every respect except one, and that the most important 
one, that had been left to succeeding operators and mauufac- 
turers, viz., the almost unexpected and marvellous economy 
introduced in the preparation of steel, if they chose to call it 
such. He could not agree with Mr. Snelus, that a broad line 
of demarcation was drawn by the chemical composition. 
Mr. Snelus seemed to think that the chemical composition 
of steel afforded an invariable proof of its value and 
strength, and with that view he (Mr. Bell) could not agree. 
He had before him analyses of three rails which broke 
on the North-Eastern Railway, after being down for six 
years. In the first case the analysis was—phosphorus, .03 ; 
carbon, .03; and then there was the extraordinary propor- 
tion of 1.83 per cent. of siliccn. In the case of another 
broken rail, the result was—silicon, .13 per cent., phos- 
phorus, .06. It was therefore quite clear to him, at least, 
that there was something connected with the manufacture 
of steel causing this. There might be, possibly, some want 
of care in the heating of the rails. The overheating of 
steel might be followed by the same consequences as 
generally resulted from the overheating of iron. Burnt steel 
might farnish results similar to those attaching to burnt 
iron. He would suggest, also, that the condition of the 
steel might be affected by the rate of cooling. Coming 
back to the matter before them on that occasion, he was 
shown an ingot of steel as it came from the mould. This 
ingot was in crystals, and it,had broken under something 
The mere heating of 
this mass of steel, 12 in. square, had been followed by a 
remarkable change in its molecular structure; the large 
faces of crystals had become extremely fine, and its 
strength considerably increased—something like two and a 
half of its original strength. The same ingot was heated 
again and tempered in oil, and this mass of material which 
broke under two blows, now received a hundred before a 
fracture took place. This he mentioned to show that cir- 
cumstances that had almost eluded observation yielded 
extraordinary results, and affected the material they had 
now to deal with to an extent much greater than they had 
hitherto supposed. It was a new material compare with 
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the manufacture of iron, and he would suggest to those 
gentlemen who were large steel rail makers that more 
attention should be paid to the condition under which steel 
rails left the mill. Now, their friends at Lloyd’s were 
accused of being slow to adopt new ideas. He could only 
regret that these same ideas, which ap to have been 
known to the President and other friends, had not been laid 
before the world, or even before the Institute at an earlier 

riod, and one to which he would call special attention was 
Phat of the possibility of rolling a rail with 1.446 of phos- 
phorus. He remembered that after Mr. Bessemer had 
read his paper at Cheltenham, that he himself was anxious 
to apply the process to the manufacture of steel. Unfor- 
tunately, however, the only material he had at his command 
was Cleveland iron, or from analogous stone, containing 
1} per cent. of phosphorus. He came away from hearing 
Mr. Bessemer entirely disheartened, when he was informed 
that steel rails could not be rolled with more than 75th per 
cent. of phosphorusinthem. Atthat time nobody thought 
of contradicting Mr. Bessemer, but he was not so sure he 
would be likely to have his own way now. If they had 
known at that time that steel could be made with ,4,ths per 
cent. of phosphorus this matter might have been brought to 
a point many years ago—if, in fact, they had known that, 
under certain conditions, they might have nearly 14 per 
cent. of phosphorus in iron which could be rolled, the im- 
pediment to the introduction of phosphoric iron to the 
manufacture of steel rails would have settled itself many 
years ago. But the thing was stopped in limine. The 
sooner truth was known to the world the better, and 

ssibly if this fact had been known some gentlemen might 
feee been kept out of spending large sums of money in the 
construction of iron mills, and some would have been 
spared the responsibility of having spent large sums in the 
construction of steel mills in places not very well adapted 
for them. As he said befure, if the information had been 
afforded earlier the very matter to which attention had 
been called would have been certainly cleared up. 

Mr. Bell was followed by Mr. Samuelson, who 
appealed to the Admiralty through Mr. Barnaby to 
furnish further and more complete data as to the 
qualities of iron and steel suitable for shipbuilding, 
and particularly as to the powers of these metals to 
resist corrosion under different conditions. Con- 
sidering the large sums which the Government spent 
in testing armour plates, guns, &c., he considered 
that they might well dosomething to turn their own 
extensive shipbuilding experience to account for the 
benefit of the private shipbuilders of the country. 
The next speaker was Mr. White, of the Admiralty, 
who said : 

The Admiralty had left the manufacturers the producing 
of the material which would satisfy the tests made .both in 
the open-hearth and Bessemer process in the construction 
of ships, and they had used both these processes simulta- 
neously. In some ships one quality of material is used, 
and in others some other qualities are used. Mr. Barnaby 
said that his object in putting the difficulty before the In- 
stitute was to obtain material which should give them no 
such difficulties. He did not say that those difficulties re- 
presented our average practice or that they were of con- 
stant occurrence, but that they did occur. He might say 
that in the two first steel ships—the Iris and the Mercury, 
which were built at Pembroke with open hearth steel— 
there were a great many thousand angles, and there were 
only two breakages in the bending of the angle bars con- 
tained in those sbips. Then, in the ships at Chatham, 
where the Bessemer make of steel been used for the angle 
bars, although these breakages had been very singular in 
their character, it must not be presumed that they had 
been so numerous ; at Pembroke perhaps.they had a better 
workshop, more sheltered, but in all other respects the 
Chatham yard was identical in temperature, the conditions 
of working, and the supervision. Out of Pembroke yard 
they had turned some thousand frames, and there were 
only two or three breakages of the open-hearth steel. These 
were facts which Mr. Barnaby was anxious to have placed 
before them. He could vouch for their accuracy, and the 
results were obtained from both the Bessemer and open- 
hearth system. But in making steel bars whilst they 
commonly satisfied the conditions of shipbuilding, there 
were very singular defects in them which were as true as 
the success was unquestioned, and they ought to direct 
their attention to the possibility of removing those defects. 
They were inexplicable, and any one who had seen the bars 
would find it difficult to explain some of the fractures. Now 
while they had had those great successes and comparatively 
few mishaps, the question he would ask of the mercantile 
shipbuilders was simply this, if steel bars require the care- 
ful treatment, which was described in these recommenda- 
tions of Mr. Barnaby, was it likely that private ship- 
builders would find it in their power to bestow that atten- 
tion upon them, and would be able to take those precautions 
of double annealing and bending by hydraulic pres- 
sure? He did not say that those precautions were neces- 
sary, and though he was not here yesterday, he had heard 
that some private shipbuilders had stated that they found 
no such precautions necessary in their case. Their ex- 
perience in the dockyards was with iron of a special 
character, and for which they paid a high price, and the 
steel was com with that special iron. He was not 
saying anything of the iron used in private shipyards 
he was _ only: saying that the Admiralty com 
the best iron with the steel. As to the actual practice of 
private shipbuilders in the matter of steel shipbuilding, 

should like to ask a question. He was aware of the 
regulations which Lloyd’s surveyors had issued, and they 
were identical with those issued by the Government. He 
would ask whether the annealing was generally practised 
after any piece of the structure been worked hot? In 





the Government yards they did that if the frame was bent. 
Then he would ask what inspection was there which would 
enable any tage to be stated for the which 
actually take place in the bending of steel 
private shipyard ? In the d that was accurately 
ascertained. Then comes whethez the tests which deter- 
mined pretty absolutely the qaality of the material that 
was mild steel, at 25 to 30 tons to the inch, whether those 
tests were actually carried out, and was there any 
guarantee that in the steel ships built in the mercantile 
yards the quality was that which was required by the 


lations 

“Ts. Price W1LL14Ms said he had been greatly impressed 
by the insufficiency of the tabulated results which were 
presented by his friend Mr. Barnaby, and he felt that he 
should have been untrue to himself and his own instincts 
if he did not draw attention to the insufficient data sup- 
ec He had carried out experiments as to the mysterious 

haviour of rails —  e e , and in con- 
junction with Mr. Riley and Mr. Kirkaldy, and the con- 
clusion they had come to was that they wanted the par- 
ticular circumstances of the manufacture tho hly well 
known. He might mention that of two rails where 
the chemical analysis was the same, there was the 
startling difference that one rail in a long period had 
become entirely worn away, and the other was almost 
as good as it was when it was put down. The conclu- 
sion they came to on that was that in the borings of 
the one they were very hard and showed that the process 
of chilling qqumnred ‘a, thet paitiadlie vi. eit h was 
not present in the other. There were great changes in 
the mechanically handling of those rails, and this pointed 
to the unfair representations of the results obtained by 
what was called the open-hearth and the converter system, 
of which they had not sufficient data. 

Mr. Sreap remarked that he had some little experience, 
and had inquired into the cause of the differences in steel 
rails, if not with plates. But he thought they could 
naturally infer that what caused certain effects in steel 
rails would also cause the same effect in plates. In the 
steel works at Manchester when they commenced to roll 
rails there the blooms were hea’ in fired furnaces. 
The blooms were put under the bridge and brought 
handover and taken off in small bloomholes opposite the 
door. The consequence of that was that the end of the 
bloom nearest the bridge was very much more highly heated 
than the other end. ow, it so happened that in every 
rail, without a single exception, which was turned out of 
that furnace, one end was very hard, and the other end very 
soft. The end which was heated was invariably the softest, 
and that which was the coldest was always hard. He very 
carefully analysed each end of the large number of samples 
of rails, and in no case was there the slightest difference 
in chemical composition. He also tried the physical pro- 

rty as far as he could by taking the specific gravity. He 
ound by that means that the cold rolled end was in- 
variably the lightest end. That did not give them very 
much clue to the molecular condition of the steel, but it 
proved the very great difference. As to that steel, which 
contained molecules, the temperature at which it was 
rolled, had a great deal to do with the resultant properties 
of the steel. He tried several experiments after that to 
find out what was the effect of a samples of steel 
and hammering them out, and invariab y the same effect 
occurred. When one steel was rolled out at a low tempe- 
rature, the steel was invariably brittle, and the fracture 
close compared with one rolled ata ———— when 
the fracture was open and very soft. He also tried the pro- 
perty of steel which was burnt, and he only could find out 
that burnt steel did not break more readily under the fall- 
ing weight than the steel heated in the usual way, provided 
that there was no flaw in the steel. It must be remembered 
that the slightest flaw in a steel rail would cause it to 
break off at that point, and overheating steel caused it to 
be unsound, and might cause it to break off at those un- 
sound But sound steel rails, with careful coaxi: 
and free from flaws, were not more brittle than a 
iron rail. ; 

Mr. Jonn, one of the surveyors of Lloyd’s, having had 
something to do with the use of steel for mercantile pur- 
poses, could not fail to express his thanks for the appre- 
ciation of the action of Lloyd’s ter, expressed in so 
important a meeting as the present F gentleman of the 
eminence of Mr. I. Lowthian Bell, and the more so as they 
were more accustomed to hear grumbling than praise. 
Mr. Barnaby had fixed the veritable peg onag Sed steel 
shipbuilding at a couple of years , and Mr. Bessemer 

fixed it at a considerably earlier period, but if two 
years ago were not the virtual beginning of applying steel 
to shipbuilding, it was certainly the resurrection of steel 
for that purpose ; and it was now about to become one of 
the great businesses of the country ; and one of the points 
that they must direct their attention to was the mode of 
the manufacture of steel and the means of insuring uni- 
formity. At that time of this second start in steel ship- 
building, Mr. Riley had read a paper before the Institute 
of Naval Architects, and had shown some wonderful results 
as to the Siemens-Martin steel, and after that most people 
were p to admit that the Siemens-Martin mild steel 
was suitable for shipbuilding. But it was not so well known 
that Bessemer steel could be made sufficiently mild and 
uniform to perform those wonderful tests and requirements 
that had been shown by the Siemens-Martin process. The 
Committee of Lloyd’s Register felt, however, that if they 
had to admit one kind of steel for shipbuilding they 
not shut out the other without fully investigating the matter, 
and seeing if they could not secure uniformity a both 
the Bessemer and the Siemens-Martin process. He went 


around with his colleagues, by the instruction of the Com- | th 


mittee, and visited many of the steel manufactories, and 
they saw steel made by both the Bessemer and Siemens- 
Martin processes, and they had to consider whether there 
was any difficulty which would prevent practical uniformity 


tes in a| chemi: 





in either or both processes. They saw charge after charge 
pnt apo” in me yes converter as Fang as 
made in the open- earth > saw composition 
hemically and m tested, and they became prac- 
tically convinced that by both these processes they could, 
jy ne management, secure uniformity, and they felt 
hat there were not grounds sufficient to make a distinc- 
pang + mtn —_ Toan eo it a naturally 
in way whatever properties the was to possess 
depended primarily upon what quality material was put 
into the mer converter, or into the Siemens-Martin 
furnace. The manner of testing re operation was 
Siotten of i teaetaen ile case of shite poke 
no n. were ai i 5 
D d towards the Siemens-Martin process, chiedly, be “ 
sae throng ~ ep yn illustration —, Dr. 
mens given them of taking a spoonful out of the 
bath, and by testing it, letting them be quite sure of the 
sgl ot elf lr hth 
out a 8 or pro ‘ormi 
Sata A ah aap eer the Bessemer —— proved 
it. In fact, they had to assume the uniformity of the metal 
in the bath before they could attach value to the test, and 
they had to come to the practical testing—the me- 
chanical testing which came in only after it was rolled, 
and when it came out as finished metal. With reference 
to steel angles, he had the privi of testi 
a number of angles for shipbuildi 
Bessemer steel in the Cleveland dis’ 
tests he had in his mind the result of failures at Chatham, 
which made him, perhaps, more cautious than otherwise 
he might have been. ose augles were 5) by 34 by 4§ 
and they were tested in every concei 


were opened out flat, they were doubled -:'t and they 
applied the temper test tensile test, with Fong suc- 
cess. He had seen similar material tested in o places 


— here was the we Ss p Sane oe gee 
angles, possessing p’ iformi ity, and 
an enormous amount of ductility, peg he cool sol ’Sae 
feeling that those angles, if properly dealt with in a ship- 
building yard, would turn out not only as good, but better 
than iron. Then, as to the comparative rigidity of steel 
and iron, that wasa point which had not been so much 
looked into as ductility and the tensile strain. He got 
from a shipyard a piece of iron angle 54 by 34 by 39. 

Mr. SPENCER: What make was the angle you got from 
the shipyard ? 

Mr. Tous : It was a piece 6 ft. long, and such as was in 
use in the shipyard. He did not know who the maker was 
and did not want to know. They had two blocks 4 ft. 
apart, and they very carefully tested the iron and the steel 
by means of a set of levers at the middle to compare the 
rigidity. He inspected them, and found the result some- 
thing very different from what he had e . From the 
experiments made by Sir John Alleyne, which he witnessed, 
he thought that the iron would have come out stiffer than 
the steel, but he was mistaken. The steel was 25 per cent. 
lighter than the iron, and it stood the test better. The 
iron took a permanent set before the steel did, and after 
that the steel rapidly became better than the iron. He 
could not give the particulars of the experiments from 
memory, but it was the fact, and it showed that they could, 
provided they got the same flanges, reduce the thick- 
ness, and they could get steel as _ as iron frames with 
a reduction of 20 or 25 per cent. He would refer to some 
experiments made at the Butterley Works twelve months 

0, which had been mentioned by Sir John Alleyne. 
Those experiments were made for the purpose chiefly of 
comparing Butterley rolled with o bulb and 
angle-iron beams, and steel Butterley beams ; and he should 
say that the Butterley beams bore the strain, weight 
for weight, better than the iron made up ; an 
when they came to com the steel Butterley with the 
iron Butterley, the steel Butterley had only a slight ad- 
vantage in point of rigidity over the iron Butterley. Bu 
he thought that could be explained, because when they 
tested the material afterwards, they found that the iron in 
the Butterley beam was of a superior quality, and it stood, if 
he remembered rightly, between 23 to 24 tons to the square 
inch, whereas the steel did not stand more than 26 to 27 tons. 
tensile strain, so that, practically, they were comgorne 
two materials of pretty nearly equal s bh, and if they 
could insure this high quality of iron in the 8, he did 
not see at all that they reduce much in steel. At 
any rate, it came to this that it confirmed what they 
previously thought in the matter of beams as in the matter 
of frames, if they made a reduction of steel from iron they 
must be very careful, and they must not make itin thedepth of 
beams or frames, but in the thickness, because they had no 
rigidity to spare. Asto the use of steel in the diaweot he had 
seen a great many angles broken at Chatham, and heagreed 
that there were many points in connexion with these frac- 
tures that it was very difficult to understand. But, takin 
it on the whole, there was this fact, they must understan 
that those frames were tortured more than they would ever 
undergo in merchant shipyards. In the first place these 
frames, after being partially heated, were not immediately 
annealed, and the about in extremely bitter weather ; 
and he must say that they must expect to find some of them 
go under these conditions, because if it were neces to 
anneal where frames have been fired at one end or both 
ends, or partially heated and worked severely—if it was 
necessary to anneal at all, it was surely necessary to doso 
almost immediately, because the most jtrying time that a 


could | frame underwent was in the cooling, when the particles 


were in a state of stress, and if they were struck at that 
time between the working and the annealing, the steel was 
very apt to fly. The ions sent out by Lloyd’s for 
e guidance of their surveyors was that in the frames of a 
ship the whole frame in its entire ing vole put into the 

,and was to be worked at one or if ly 
heated they were to beannealed. That could be done in a 
mercantile yard, and it was done, and he certainly con- 
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sidered that if they were partially heated, if there were 
points in the construction that rendered it necessary to 
partially heat, the sooner it was annealed when the work 
was done the better, and he should say that it should be 
done almost immediately. There was one point he would 
speak of in Mr. Barnaby’s paper ; he had said if it was not 
convenient to anneal the whole of the plate or angle in work- 
ing it might be partially annealed ; but he should like Mr. 
Barnaby to explain, from his large experience of steel, 
whether ial annealing was satisfactory. Whether 
it was satisfactory if they fired an angle at one end or both 
ends; whether it was an in the proper sense to have 
the half of it annealed and then turn the other and anneal 
it? That was a point which affected the working of steel 
very materially. They knew that they could do it with 
iron, but with a they could not; for instance, it 
would have a very effect to bake a pie half at a time, 
and he did not think they should conduct annealing of steel 
in that way either. There was one other point that he did 
not think been cleared up—that was why it was that 
steel cracked sometimes mysteriously. Dr. Siemens had 
explained it to some extent by saying that it was owing to 
the extreme ductility of the material that it sooner set up 
a partial tearing ; but very ductile iron did not fly in this 
way, 80 that he thought there was something more in it 
than they were aware of as yet. He could not help think- 
ing that the treatment between the hot and cold condition 
when the material was brittle—as had been so ably ex- 
lained by Mr. Adamson in a paper which had scarcely 
justice done to its merits in that discussion—had some- 
thing to do with it. 

Proressos Ritey remarked with regard to the unifor- 
mity of steel he might state that lately there seemed to be a 
popular impression that the steel made direct from the blast 

urnace was not so regular as that made from the cupola. 
He might state that a short time since he had three samples 
of rails marked A Band C, and he presumed they were 
from three different places. He analysed them, and took 
one piece from each end and one from the middle of a rail, 
and one ee was hard and the other soft, but they were 
practically the same ingots ; still sometimes samples varied 
in an unaccountable way. In the same ingot, within 6 in., 
there had been a very marked difference in the percentage 
of carbon. He thought, however, that steel was becoming 
much more uniform, and although it was important to know 
the chemical composition of steel, still they must not argue 
too much upon its chemical condition, but they should ascer- 
tain some of the conditions under which the steel was made. 

Dr. Stemens said he wished to offer a few words of ex- 

lanation with regard to the observation that had fallen from 

r. John. Mr. John represented him as having said that 
steel was apt to tear on account of its great ductility, but 
what he meant to have said was that it was apt to tear when 
strained unequally, on account of its homogeneity. What he 
meant to say was that steel tears more readily because it 
was more uniform and more homogeneous than iron. In 
iron each fibre had a point at which a tear would stop, 
whereas steel, being more’homogeneous, it would run along 
the homogeneous mass a much greater length. This was 
most beautifully illustrated in the case of india-rubber 
which would stretch to ten times its natural length and 
come back again, but if a og of scissors were used, and 
the edge was nipped it would tear readily from that nip 
across. This was what happened in treating mild steel in the 
way it should not be treated, ifin working the mild steel it 
was drawn out half cold and set it would have great tension 
set upon upon the mass, and then, unless that metal was 
annealed, the tear might commence at the rivet hole, and 
then the tear would run along more readily than in iron, 
showing only that in dealing with this material precautions 
had to be used to anneal it fairly. 

Mrz. HopkInson, in an amusing way, referred to the 
mysterious way in which fractures had occurred in iron. 
In one case he found a lump of black grease as big as his 
two fists in the very centre of a shaft just like a toad in 
marble. He did not think that any chemical analysis 
offered by Mr. Snelus or by Professor Riley would have 
given any indication of that fatty matter there. 

THE PRESIDENT : How did it get there? 

Mr. Hopkinson: Thatis the mystery. He had come to 
the conclusion that en | did not know at all what was in- 
side a shaft. He doubted whether sufficient importance 
had been given to the question of manipulating these homo- 

neous metals, and whether sufficient consideration had 

m given to the fact that there might be a point where an 

1 traction had set up. 

Mr. Haut said he had made several experiments with 
regard to steel plates of all kinds, and he thought he was 
in possession of a few facts that might be interesting, more 
especially with regard to the direct and comparative lasting 
powers of steel and iron. The firm that he was conn 
with put down fourteen years ago six steel boilers and also 
one iron boiler. The six steel ones were made of plates, 
by the crucible process, and the iron one of the best York- 
shire iron. The last time the inspector went round he said 
he would be obliged to recommend a reduction of 10 lb. 
in the case fof the iron boiler, which was much pitted, 
whereas the steel ones were as good as when they were put 
in. His experience as to the respective qualities of the 
Bessemer and crucible steels showea that the Bessemer 
was as near as possible as ifrood as the cracible, though not 

uite so. However good mer steel might be, it was 
thought in Sheffield that it would never be so good as that 
of the crucible. With regard to the quality of the steel 
plates that Mr. Barnaby said so much about, he thought 
the quality of the materials used in the manufacture had a 
great d to do with that. That applied, of course, to all 
processes in use. 

With the remarks of Mr. Hall the discussion was 
a to wR f and the President then called 
upon the authors of the three papers to reply. The 
first to do so was Mr. Barnaby, who said : 








He had no reason to complain of the treatment he had 
received from the meeting. It was his duty to come there 
and he thanked them for the manner in which they had 
received the statements he had made. One thing he was 
pained to. hear from his friend Mr. Price Williams, who 
seemed to imply that he had not taken sufficient care and 
pains as to the facts he had put beforethem. He had done 
nothing other than to summarise a statement, for the con- 
venience of the members present, as to the tests, and the 
full statement he now produced; and as it was large, he 
thought it showed a certain amount of pains taken in com- 
paring the quality of material. He also wished to say that 
while their friends in the mercantile shipbuilding trade did 
allow steel to lie buried for ten years, as was shown from 
the statements made on Wednesday 7 Mr. Bessemer, the 
Admiralty were using it continually. The Admiralty never 
ceased to use steel for ships of war for fifteen years, so that 
he had had fifteen years’ experience of steel from the con- 
verter, and four years from the open hearth ; and it was with 
that experience that he stood before them and put before 
them the facts they had heard. Mr. Bell asked why they 
did not give the chemical tests. Well, as to me sees, 
they were at Chatham Dockyard, and if | one suffi- 
cient interest in them, he would be admitted to take speci- 
mens, and to test them for themselves; if, however, they 

referred the Admiralty to become chemists, they might 
come steel makers as well. As to the bars that he had 
given an account of, what he knew about them was that 
every single bar was tested before it left the works of the 
manufacturers; the result of that test was carefully re- 
corded; and when a fracture happened the manufacturer 
himself took specimens of the bar in question, and then 
applied his own chemical tests, but found no difference. 
ot only so, but specimens were cut off close to the fracture 
by the testers for the nyry © and they could find no 
difference, which showed that the mate complied with 
the conditions laid down by the Admiralty, and that they 
could not detect the cause of the fracture. That they did not 
like. Mr. Bell thought he (Mr. Barnaby) dwelt too much 
on the difference between the two makes of steel. He felt 
there was perhaps some force in the remark; but he 
thought that when he (Mr. Barnaby) came before them 
they should know perfectly well that he had no interest 
one way or the other. He did not think that every one in 
that meeting was in that position, and while perhaps 
the manufacturers from motives of delicacy, would not 
say all they wished, it was his interest if there was 
any advantage, to let the shipbuilder know it. He had 
been urged by officers at the dockyards to use nothing but 
Siemens steel. There was a certain advantage, as it ap- 
to him, in favour of that which was made bya 
slower process ; but the Admiralty continued to use two 
kinds of steel in their dockyard, but with this important 
condition, that when a plate or bar was sent for use by the 
Admiralty a piece was cut off to test it. If any shipbuilder 
in England could honestly say he always did that, let him 
stand up and say whether this ey my was moon- 
shine. What he was afraid of was that they might get in 
steel what they got in iron ships built of materials not 
tested. The result of that practice was that iron in many 
cases went into ships that should never have gone in, and 
shipbuilders were pained - h. the ay lowest class 
of iron spoken of as a plates. The Chief Surveyor for 
Lloyd’s Register took him to task on the subject; but 
those gentlemen had known perfectly well what sort of iron 
had been going into ships, and they had allowed this new 
material to sleep for ten years. The gentleman who spoke 
on Wednesday was Lloyd’s surveyor during those ten 
years ; why, when the Admiralty were going on con- 
tinually using Bessemer steel, were they not using steel? 
What he specially wished to say was this, that there was a 
gap of ten years, during which the mercantile shipbuilders 
were not using steel: whose fault was that? He believed 
it lay with the steel makers themselves, for they, wher 
complaints were made, chose to say, Well, now you are an 
interested person, and should not say that ; you should not 
raise your voice against steel; either you do not under- 
stand it, or do not know how to use it. He had not 
spoken in that way to them, but if in their minds they 
thought the things he did were due to ignorance, he repli 
that if they were ignorant and careless in the Royal Dock- 
yard, they would not find wisdom and care in =: f of the 
dockyards of the kingdom ; at any rate they would be very 
few. He was afraid that this sort of mw by « going on— 
and he would be grieved at it if it was—that Lloyd’s sur- 
veyors were going to allow the shipbuilders of this country 
to go madly in for the use of steel beeanse it is steel, with- 
out insisting on proper tests for it. Their tions 
rovide that every plate that was so used should have a 
— which would signify that pieces had been cut off 
every plate, and that thus each one had been tested and 
had satisfied the test. He was told that Lloyd’s people 
were going to relax their regulations, and were not poing 
to insist upon having a piece of every plate tested. If that 
happened, he verily believed they would have another 
death and burial of steel in shipbuilding. If they did not 
take care and insist on having every plate and bar stamped 
to signify that you know properly what the plate or bar is, 
they would have a reaction against the use of steel. He 
would regret that immensely. He stood there as the ad- 
vocate of steel ; and if it went back once more people would 
say: There is that mad fellow at the Admiralty who has 
built ships of that rubbishy stuff that everybody now 
denounces. He wanted steel to be used, and all proper 
precautions taken to test it. 

Mr. MarTewu wished to say that there was no founda- 
tion for the statement made . Barnaby as to Lloyd’s ; 
it was quite incorrect, and could not tell where 
Barnably got information of this kind at all. 

Tue Prestpent said Mr. R. Price Williams wished to 
explain through him that he did not mean to make his re- 
marks in the sense mentioned by Mr. Barnaby. 

Mr. ADAMSON said he had only a few observations to 





make, and they were more on matters of principle than of 
detail. He quite agreed with a large proportion of the ar- 
guments wal. and that they must have full and complete 
evidence before them, both chemical and mechanical; and 
even when they got that, hy | must couple with the manu- 
facture of iron and steel the human infirmities they had to 
contend with. To get out of a great deal of trouble it 
had been suggested that they should anneal everything in 
steel before as it to work; but he wis to call 
attention to the fact that that was not the whole condition 
attaching to it; they must carefully watch the cooli 

process, and avoid straining one part unduly to the detri- 
ment of another. Illustrating his remarks by diagrams, 
he shows that if a Siemens plate was properly annealed, 
and the one end cooled at a greater velocity than the other 
end, it would not possess much elasticity, and when a great 
strain came upon it, it would come to grief, and then they 
would say there was a mysterious cause, whereas he 
thought it a natural circumstance, arising out of circum- 
stances known in the manufacture. "He had used mild 
steel, more Lew pony the Bessemer class, for twenty years. 
In 1857 he only the chance of getting hold of puddled 
steel, and he adopted it; afterwards Mr. Bessemer pre- 
sented him with some of his material which he used; and 
he knew what were the difficulties gnd risks in getting the 
workmen to understand the progess of manipulating it. 
Annealing might be a good plan, but it did not meet the 
case of angle bars, which were treated with so much 
violence; in that matter preeaution was needed. He 
could not allow it to pass that if was not important to have 
chemists’ tests. No doubt they varied, and why? He 
was not aware that they had sufficient practical evidence 
as to how in combination ingredients influenced each other. 
If, for instance, carbon is allowed to give strength, and 
manganese has a power of giving ductility, still they 
ought to know the relative influence which the two in- 
gredients have upon each other. They found that certain 
things took place with the smallest elements; but it was 
not only necessary that they should comprehend those 
elements in their individual influence, but collaterally 
upon one another. He was impressed, after a great deal 
of experimenting, which he need not describe, that if the 
manipulation was the same, chemical composition was the 
truest indication they could have of ultimate consequences. 
He thought that, taking it ali round, there was less trouble 
in working steel in the workshop than with iron. He also 


thought they should have a record of the knowledge, as it 
was put b . Samuelson, of metal applied to fixed pur- 
poses. hus they knew from their experience of the 


working of metals that no one would risk money in the 
production of armour plates with .5 or .6 carbon, because 
it was sure to come to grief when it came in contact with 
anything of an explosive character. Some years ago, after 
a thorough investigation of its carrying power, it was re- 
solved that steel should be allowed to work up to 63 tons 
per square inch. He believed Lloyd’s now allowed about 
6 tons ; but while that is done it is only an allowance proper 
for boilers. But if they came to consider steel for bridges 
they would never think of having a metal for that purpose 
that could carry three times the weight put uponit. In 
the use of ordinary steel plates he thought there was not much 
difficulty. When some inquiry was going on at the Barrow 
Steel Company’s Works as to the use of steel for ships, he 
made inquiry on the subject for himself, and he thought it 
did the company credit and showed that there was not much 
trouble in working it. He found from his books that the 
number of their plates he had used was 2300, and in that 
number the returns consisted of only one plate. He freely 
and honestly confessed that when he saw that plate he did 
not like to examine it, lest he should find it more the fault 
of his workmen than of the Barrow people. He tested all 
his plates ; he had tested over 5400 specimens of plates with 
results that gave entire satisfaction. In testing he used a 
machine which bent the plates both ways. 

Mr. MAYNARD next replied. He said he thought his 
statement had not been explicitly understood. He stated 
that, while a bridge of steel weighed 59 tons, a similar bridge 
of iron weighed 73 tons, and the weight of the composite 
arrangement was 40 tons. He considered that the present 


‘ed | time was a transition from iron to steel, and when going 


from one metal to another they could not go so suddenly 
as they would like to do. The composite arrangement of 
steel and iron goods in this transition stage was what was 
wanted. When they got the price of steel down to that of 
iron, they would not want that composite ment. 
The weight he got from the design of a bridge he was 
making, one of a series now being made. Although they 
required 40 tons in the combination, he could make it of 
steel of that weight, or even less. There were some parts 
of the girders where greater thickness was required in 
practice than in theory. The price of the bridge he had 
made came to 171. 10s. per ton. If they took a bridge of 
large span, there the advan’ would be greater. The 
Board of Trade regulation hel the matter a great 
deal. From his own calculations, he saw no reason why 
they should not go up from 600 ft. to 800 ft. of span, and 
in that case he would use about 80 per cent. of steel. 

At this point Mr. Menelaus rose to order on the 
ground that the time of the meeting was being taken 
up by a matter which was not of interest, and the 
President ruled that Mr. Maynard was not replying 
to the discussion. He (the President) then pro- 
posed a vote of thanks to the readers of the papers, 
and said : 

He did not think it necessary to say a word of commenda- 
tion as to Mr. Adamson’s paper. paper at Paris, and 


Mr. | that read on Wednesday, were the outcome of long experi- 


ence, and were of great value to all us connected with 
iron and steel. To Mr. Barnaby they would likewise ac- 
cord their very best thanks. He scarcely liked to say— 
because it was needless to say it—that no one there would 
imagine for one moment that he had any interest to serve 
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except that of truth and advancement of steel and iron. 
But some of them might think that Mr. Barnaby knew more 
than he had told them; and they hoped that what he had 
missed then he would supply at the next meeting. They 
were also obliged to Mr. esused for his paper ; he had 
for many years been a bridge builder, and was not likel, to 
make mistakes as to weight, or to indicate anything that 
in practice would not work fairly. He had to be py = to 
the gentlemen who represented Lloyd’s. He had an unfor- 
tunate habit of letting out, as it were, adverse words that 
were not agreeable to people. He thought that on that 
occasion he had steered clear of offence to anybody; but 
he now admitted that when he talked of “‘ retarding” he 
thought he ought to have used another word. He would, 
therefore, alter it, and say when the change is more 
**encouraged’’ by the Board of Trade and other control- 
ling bodies. He admitted that he included Lloyd’s in the 
controlling bodies. After the good spirit shown by these gen- 
tlemen, he felt sure that if they erred it was not intentional. 
He deprecated the idea that at that meeting they wanted 
to ignore iron. They were all iron men, but they could 
not shut their eyes to another kind of iron that was going 
to'supersede the old material. 

Mr. Martell explained on the following day that 
the extensive experiments conducted by Lloyd's 
surveyors did not bear out the assertions as to the 
inferiority of the iron used for mercantile ship- 
building, and said there was no intention whatever 
on the part of Lloyd’s to relax their requirements as 
to the testing of steel. 

This discussion, of which we have above given a 
report, and which was one of the best sustained and 
most interesting that we have had to record for a 
long time past, completed what may be termed the 
first part of the programme of the meetings. It 
was the innings of the iron and steel users, the 
engineers and shipbuilders chiefly, with a sprinklin 
of the manufacturers, and we cannot doubt that it 
will tend to promote confidence in the use of steel 
when properly used, will enlighten many as to the 
difference between its use and abuse, and give 
an impetus to the great revolution which is im- 
pending. 

The second part of the programme dealt with the 
manufacture of steel and the great metallurgical 
questions connected therewith, and this year was 
awaited with peculiar interest, greater even than 
attached itself to the papers relating to the employ- 
ment of steel, owing to the recent discoveries for 
dephosphorising pig iron in the Bessemer converter. 
This subject not only drew the principal representa- 
tives of the iron and steel trade of this country to the 
meeting on Thursday, the 8th inst., but also those 
of the Continent, as will be seen by the number of 
distinguished foreigners who took part in the dis- 
cussion, which we report below. 

There were, as we have before stated, three papers 
bearing on the phosphorus question, and they were 
read consecutively and discussed together. The first 
was by Messrs. Thomas and Gilchrist ‘‘ On the Elimi- 
nation of Phosphorus in the Bessemer Converter,” 
which was read by Mr. Thomas. 

Then Mr, G. J. Snelus read his paper “ On the 
Removal of Phosphorus and Sulphur during the 
Bessemer and Siemens-Martin Processes of Steel 
Manufacture,” and Mr. Edward Riley followed with 
his paper, ‘‘ On a Ready Means of Moulding Lime, 
and making Lime or Basic Bricks and Linings for 
Furnace Converters, &c.” These papers have already 
been printed by us in extenso (see pages 424, 426, and 
427 ante). 

The discussion on these papers was preceded by 
the President reading a communication from M. H, 
Parmet, not a member of the Institute, ‘‘On De- 
pooareeeeneen in the Bessemer Converter by the 

ethod of Refining.” We printit below, not for its 
value, so much as for an illustration! of what, when 
viewed by the light of Mr. Richards’ subsequent 
remarks, should scarcely find a place at the meet- 
ings of the Iron and Steel Institute. M. Parmet’s 
communication was as follows : 


Dephosphorisation in the Bessemer Converter by the 
a, Method of oe 

The silica of the slag is the o M obstacle to dephosphori- 
sation in the converter. The high temperature favours the 
formation of phosphates, far from opposing their passage 
to the slag when circumstances permit. Such are the two 
i a which ought to serve as a base for all methods 

ving for their object the eg are of common pig iron. 
The problem therefore of the dephosphorisation in the con- 
verter is reduced to the formation of a having suffi- 
cient basic force to constantly attract to it the phosphoric 
acid formed by the combustion of the phosphorus. The 
less silica the slag contains the stronger will be the basic 
force obtainable, and the more it will be able to absorb 
phosphoric acid. The best slag will be that containing no 
silica, all of whose bases will, in consequence, tend to the for- 
mation of phos horic acid. Now, in the Bessemer process, 
whence pr 8 this silica, the action of which is so fatal 
to the existence of phosphates, and to the purification of 
the pigs? (1) From the silicon contained in the iron itself 





under treatment; (2) from the refractory lining of the 
apparatus. These are two sources that we must stop or 
turn aside to arrive at the yea ae (1) It will be 
seen that there are no serious difficulties in the way of ob- 
taining a lining essentially a basic, containing only traces 
of silica and behaving Byer well in the converter. As 
to the silicon contained in the iron we wish to purify, we 
cannot think of doing without it. It is the indispensable 
calorific element in all Bessemer operations. The necessary 
quantity may vary according to the fashion of working, but 
we must have it in all cases. A pig that contains only 
phosphorus in the ratio furnished by ordinary iron ore 
would not give off sufficient heat to be convertible into 
steel. You cannot, therefore, avoid the formation of a 
certain quantity of silica, provided there be silicon in the 
pig heated. To prevent this silica from interfering with 
the oxidisation of the phosphorus we may employ two means. 
First, to neutralise it by strong addition, ¢.¢., to dilute it 
in a quantity of basic material such that after being satu- 
rated will still leave enough free bases to attract the phos- 
phorie acid. One sees what an enormous mass of slag 
this proceeding, which seems simple and easy at first, 
creates ; butin practice it would be rendered impossible by 
the small heat at our disposal, by the waste of the lining 
during the first period of the operation, by the i 

purification one would obtain when the pigs had not an 
absolutely constant composition, by the di of the point 
of stopping, and by the great waste that it entails. Secondly, 
ins of attempting to neutralise this silica, as has 
been done already for the last ten years, it is more rational 
to take it away eae soon as produced, pas 
also by the heat given off by the combustion of silicon, 
without having to trouble myself as to the action that can 
be exerted by the smaller or greater quantity of silica 
formed. Such is the idea that after much consideration 
has led to the method of repouring—a simple method with 
a certain application—that I desire to speak of briefly. 
The Bessemer process is, therefore, divided into two distinct 
periods. The first is an apparatus with ordinary lining, 


& | that is to say, silicious, where occurs the combustion of the 


silicon, and the principal accumulation of the heat of the 
bath. The second isan apparatus with an essentially basic 
lining, where occurs the combustion of the phosphorus, then 
of the carbon, and the bringing of the steel tothe desired 
point. The liquid metal is poured from the first vessel to the 
second either direct, or through the medium of a ladle, so as 
to prevent the passage into the basic apparatus of the silicious 
matter produced in the first. The repouring ought to be 
done immediately after the combustion of the silicon. We 
have, therefore, the advantage of being able to treat with 
regularity pigs containing silicon in a variety of propor- 
tions, as all are reduced to the same composition before 
being introduced into the apparatus where is effected the 
dephosphorisation and bringing to the complete point. 
The additions of basic materials are constant in quantity 
for the same ratio of phosphorus in the pig, and whatever 
be the ratio of silicon, and it is always very small, ought 
only to serve to neutralise the phosphoric acid produced, 
and the metal never finds itself in the presence of a 

mass of slag troublesome and h The heat can 
- pn at will without hindering the purification. It 
will do to use more silicious pigs without, for that reason, 
being obliged to add more basic material. The end of the 
operation is determined by the s pe in the usual 
way. Thanks to the total absence of silica, the departure 
of the phosphorus occurs immediately after the pouring, 
before the oxidation of the carbon, of which the flame 
serves to guide the operator. Tne phosphorus disappear- 
ing before the carbon, it is not necessary to push the opera- 
tion to extra soft, or burnt steel; and the waste does not 
exceed that of pure Bessemer pigs, except as regards the 
quantity of phosphorus contained in the pig worked. The 
absence of silica allows of such a complete purification of 
the pig as could never be obtained with slags containi 
15 to 20 per cent. of it. The loss of heat due to the pour- 
ing, and the little necessary additions, is scarcely half of 
that which the addition alone exacts in the case of non- 
pouring to arrive at an inferior purification. In fact, the 
conduct of the process is at least as simple as in the process 
actually employed for pure pigs. The pigs pao from 
the same ores having always the same ratio of phosphorus, 
the foreman determines once for all the small quantity of 
basic material that it is neces to add, and need not 
further trouble himself, at least as far as the final purifica- 
tion is concerned, of the conduct, more or less hot, of the 
blast furnace. Second, the first converter, in which ought 
to take place the elimination of the silicon, is made with 
ordinary lining, i.¢., silicious. Nevertheless, a neutral (or 
carbonated) lining does very well. The complete de- 
parture of silicon is then more rapid, and the lining does 
not suffer so long as you do not seek to remove carbon in 
this first period. A basic lining vould be used, but the waste 
would be very rapid. As to the second converter, in which 
ought to be effected the dephosphorisation after the removal 
of the silicious slag, its lining to be essentially basic, must 
contain the smallest quantity of silica. To this effect, 
several sorts of basic materials could be used. The first 
(best) is certainly the old pure magnesian brick, whose 
only drawback is its high cost. For ordinary use one can 
content oneself jwith materials less refractory 4and more 
cheap and easy to obtain—lime mixed with a little oxide 
of iron; calcined dolomite, either alone or mixed with a 
little iron ore, and bauxite, with a little lime, furnish ex- 
cellent linings. One can also mix at high temperature 
lime and magnesia 4 hee addition of silica or clay, but we 
must then expect a perfect purification of the pig. It 
would be imprudent to indicate just now a basic lining that 
would be suitable to all makes of steel. When the time 
arrives, each will adopt according to ci tha 
which presents the bestjconditions for quality and economy. 
One can only affirm that nowhere will one meet on this 
head any serious difficulties. : 

On the conclusion of the reading of M. Parmet’s 


t pieces in the Bessemer converter upon the plan proposed 





communication the discussion proper was opened 
by Dr. Siemens, who said : 


The proposition of basic lining and the results which the 
were told been obtained lately with such lining form 
a most important subject for discussion. With re to 
the first portion of the proposition, he had no experience or 
no knowledge as regarded the Bessemer converter, but as 
regarded the open-hearth furnace he questioned the advan- 
tages that would particularly result and did result from 
basic lining. It had occupied his attention for the last 
sixteen years, and in 1863, in conjunction with his friend 
M. Chatelier, he conceived and obtained a basic lining for 
m-hearth furnaces. But at the time he had commenced 
these experiments with the open-hearth furnaces for the 
preparation of steel, in discussing with his friend the 
question of lining, M. Chatelier strongly maintained that 
perly he (Dr. prow e  | 
) g, an he suggested a materi 
which he believed still was the best material, viz., bauxite 
or alumina, with a certain portion of peroxide of iron. In 
1863 they commenced experiments in Frente at the Crensdt 
Works—the lining was pure bauxite crushed. But they 
did not find that they could get that lining to stand when 
the fluid charge came upon it. He afterwards made bricks 
of bauxite, some of which were at Birmingham at the 
present time. With these bricks they succeeded in getting 
a lining that would stand for a series of charges, and the 
results been good altogether; but he must confess he 
had no such marvellous results as those stated by Messrs. 
Thomas and Gilchrist in their paper. Before abandoni 
the basic lining he tried lime and other substances wit 
clay, but he found that the difficulty was increased very 
much in using this lining. He also used a lining made of 
magnesia formed into bricks and burnt at a very high 
temperature, which produced a magnificent lining. But, 
as had been said in M. Chatelier’s paper, it was a very 
expensive lining, and on that account not commendable. 
But the reason why he did not re with the basic 
lining was that, although for a whan it seemed to 
stand exceedin ly well, the iron ap to corrode into 
it and the loose finin ing became disintegrated, and, unlike the 
silicon lining, he could not repair it. In dealing with the 
silicon | they had only to add after each charge a few 
shovelfuls of pure sand, and when the lining was defective 
they gave it ten minutes of intense heat, and then had it 
= and good. If anything went wrong with this basic 
ining it had to be taken out and changed. These were 
reasons which ought not to have discouraged him entirely, 
but which did encourage him in giving up the basic lining. 
He seen bauxite lining in a rotating furnace, and in a 
gor which he read a great many years ago he spoke of 
his bauxite lining and its advantages, as he also did in a 
lecture delivered some seven or eight years ago before the 
Chemical Society. But in looking at the proposition which 
had been brought before them this day, he found there was 
something missing in the paper which had been read. Mr. 
Thomas stated that the amount of basic material generall; 
exceeded 2 cwt. per ton of pig treated. Now he wish 
Mr. Thomas had given them the exact amount, not what 
it exceeded, but what it amounted to, because that appeared 
to him to be a most important point. They knew that 
basic material absorbs phosphorus, and the President 
in his able address had called attention to the cycle, 
through which they seemed to wander in coming from an 
imperfect tool to a perfect one. The puddling furnace had 
originally a silicon lining, but it was only after the basic 
lining was adopted that results were obtained. 
Therefore in ing steel they seemed to be passing now 
from the first to the second stage of a good lining ; but the 
difficulty was a vi serious one. In a puddling furnace 
the temperature did not exceed the temperature of the iron 
oxide itself, and therefore it could be easily repaired. It 
lasted a considerable time, but in all basic linings for the 
Bessemer converter, as well as for the open furnace, a good 
deal of difficulty and expense would be incu in the way 
of renewing the lining. The lining itself did nothing to- 
wards removing the phosphorus, the question was, how 
much of the basic material was necessary in order to elimi- 
nate so large an amount of poe as was contained in 
the Cleveland iron. Mr. last year brought before 
them an ingenious process by which he eliminated the 
phosphorus, at an equal temperature, by the addition of 
molten oxide; and then the question arose whether the 
amount of red oxide employed would not be too cone to be 
id for by the difference of cost in the pig-metal employed 
in the two cases. Now he would repeat the same question 
to Messrs. Thomas and Gilchrist that he put to Mr. Bell. 
Is not the amount of basic material necessary to deprive a 
charge of Cleveland pig of the phosphorus which it 
contains such a serious item in the expense as to make it 
still an open question whether they not better still 
depend on the West Coast for their steel supply? They 
must bear in mind that the material of which this lining 
was composed, whether iron oxide or limestone, was cheap 
—— But the question was, whether limestone alone 
would carry the amount of the phosphorus away from the 
iron which had to be taken out. The paper i admitted 
that peroxide was employed, and he wished to ask how 
much peroxide was necessary in order to accomplish the 
nee ompana ps 5 o- pm Sey hare was Bro 
um y overblowing the c' . In overblowing a charge 
they had to change some of the pig-metal to peroxide. 
This might be a convenient way of producing it, but he 
wished to know how much iron under that treatment was 
thereby destroyed. ‘? 
Mr. E. Winpsor Ricwarps said he purposed giving a 
very brief history of his experiments in eliminating phos- 


in order to carry out that process 
ought to adopt a basic Tinta 


y Messrs. Thomas and Gilchrist. ‘Che first necessary was 
to make a basic brick, and that was much easier said than 
done. Mr. Stead a great number of quarries in 
the magnesian limestone before he found at last one suitable 
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for the purpose, and they found at last that a limestone 
——s five to six per cent. of silica, three or four per 
cent. of alumina, and one or two per cent. of oxide of iron, 
made an exceedingly good material for the purpose. It was 
necessary to grind it up in under an ord’ edge runner, 
and mois in the ordinary manner, and then the bricks 
were moulded and put down to dry, and this condition of the 
brick they exhibited there. Now, their troubles only com- 
menced. When it was ~~ ye this — Pg 
loses 33 cent. in capacity, an per cent. in weight, i 
would 6 adie how difficult it would be to abet into 
a hard-barnt brick. hen the bricks were burnt there 
was a great deal of difference in the size, and there was a 
contraction in the upper bricks which spoilt the lower 
bricks ; they were unsucessfal for a long time, and it be- 
came necessary that there should be a down draught, so 
that the bricks placed upon the top should contract first, 
and then the bricks did not tear each other to pieces. They 
found that on burning some of them and exposing them to 
the air they all fell to pieces, showing that there was not 
sufficient heat put ‘into them. With the next kiln they 
made they determined to apply a sufficient heat, and they 
brought the kiln and the bricks down in one mass. The 
were not discouraged, however, and they lined the kiln wit 
gannister bricks, and they had been able to fire away at 
it, and were enabled to make bricks, as the members 
would see on the table. They were not all as well made 
specimens as they saw there, but he did not see any reason 
why they should not be so, when they had made a kiln of 
the proper capacity. These bricks were not expensive, for 
there were quarries 30 ft. thick close to the collieries, and 
they did not estimate the cost of i han 2s. 
per ton. He did i 


they were teld that the sooner they took to a big vessel the 

, for they would obtain the same results in the 
vessel that they were obtaining in the small vessel. His 
own opinion was that the greater quantity of metal the 
better would be their results, and they had now had 





ee Se ee a 


thirteen operations in the big converter, and the 
metal blew very much better. It was not ejected from 
the vessel as in the smaller converter, and he believed him- 
self that the matter was very hopeful. He did not mean to 
say that the process gone out of the experimental 
stage. He had a di , and it had m hung 
up on the wall to show them the process through the whole 
conversion, and they would see by it that there could not be 


the slightest difficulty in getting rid of the phosphorus in 
the Cleveland iron. That was a fact with to which 
there was not the slightest question or doubt. The diagram, 


he was to say, was about one of the worst that could 
be shown ; it represented the operation of the Bessemer 
converter, and it gave an analysis of the metal in the con- 
verter at each of its periods of time. The Cleveland iron 
had 3} per cent. of carbon and graphite. They had got u 
wnetal with three cent. of silicon to secure a hot blow. 
They found that 3 per cent. taken direct from the blast 
furnace was the best. One and a half cent. showed 
the amount of phosphorus in the metal. They must 
imagine the converter turned down and 7} per cent. of lime 
put into the converter, and then 6 tons of metal poured 
upon it. The converter was then turned up with 25 lb. 
pressure of blast, and the operation commenced. The 
silicon commenced to leave the metal at a very rapid rate, 
They wanted to show what was going o1, and they took the 
samples a great number of times. They found that the 
carbon remained untouched for three minutes, and the 
phorphorus kept on in a parallel line. In six minutes 
the silicon was still rapidly going down and the carbon lost 
in the same ratio. Then coming to nine minutes they found 
the carbon still contin to burn away at the same rate 
as it had been from the inning. he silicon did not, 
under the increased temperature of the vessel, continue to 
do so. The silicon passed away and the carbon came right 
down, and when the flame dropped, that would be, under 
ordinary circumstances, the end of the blow; but they 
would see that owing to the excessive amount of silicon, 
the phosphorus did not commence to leave the metal until the 


carbon had come down to 14 per cent., and then it began to 
ield, and to the end of the blow they had 1 per cent. s 
t of phosphorus. Now ia one minute of overblowing the 
hosphorus had come down to 0.75, in another minute 
.25, and m another minute it had come down to zero— 
not quite. They wanted to ascertain why the phosphorus 
had not left the iron at a more —_ rate, and to find out 
the reason, th to examine the slag; and the at 
the end of this blow contained 21 per cent. of silica, and 11 
per cent. of phosphoric acid. They found that the phos- 
phorus had left the iron rapidly, when the silica in the slag 
was below 20, and their best results were obtained when it 
was below 15. This diagram showed a very succesful opera- 
tion with the silicon at 3per cent. After two minutes’ over- 
blowing the phosphorus leaves the iron with great rapidity. 
It seemed to follow that as a rule, and almost the last trace 
of phosphorus was eliminated. In this particular blow 
there was only a trace of phosphorusén the metal. He had 
omitted to say one thing, at six minutes the vessel was 
again turned down, and 13 per cent. of basic matter was 
put in, one-third oxide and two-thirds lime. The additions 
amounted to 20 per cent. of the whole faa. The = 
were made, and they rolled the steel rail which he 
shown there. The tensile strain showed an increase of 
2 in. in 8in., or 25 per cent., and the breakage weight 
45 tons per square inch. 
Dr. Sremens asked Mr. Richards to state the yield. 
Mr. Ricnarps said they found when blowing hema- 
tite that there was 15 per cent. loss. With Cleveland pig 
he took three blows and carefully weighed the metal into 
ingots, and they lost 17 per cent. ; but some portions had 
shown a far greater waste, still he was inclined to give the 
loss as 17 per cent. The cost of lime was about 6s. per 
ton. He listened to the communication which had been 
made by Mr. H. Parmet, and he might say this, that 
during the Easter holidays he had amused himself with 
dephosphorising Cleveland iron along with Mr. Gilchrist, 
and while making their e iments Mr. Parmet looked in 
upon them. He thought could not do better than let 
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Mr. Parmet see everything that they were doing, and 
everything was explained pretty fully to him, and they 


showed him the lining, basic additions, and the analyses 


all about the process; and he certainly should have pre- 
ferred that Mr. Parmet should have mentioned that in the 
communication which had been read to the Institute. 
ProrrssoR WILLIAMSON ventured to point to a con- 
sideration which he thought was worthy of their attention 
in following up this exceedingly important work, and it 
was this: the basic character of the lining was, he con- 
ceived, not essential to the work. What was essential, as 
all the gentlemen present doubtless were well aware, was 
that the lining should be of such composition that the 
liquid slag of the materials present inside the a | did 
not attack it. Now, if they had a basic fom | that was 
capable of doing away with a part of the phosphoric acid 
that was formed, well and , but what they really 
wanted was a lining which ought to last as long as possible, 
and the question would be simplified if they looked to 
having a neutral lining of such stability as not to be dis- 
solved by ing into contact with t heat. It was an 
important step to have been attained by practical men like 
the gentlemen who had favoured them with the results of 
their experiments with it, that they should have already 
attempted to use basic materials mixed with a substance 
which was being decarbonised for the purpose of dephos- 
phorising. In the chemis' of the matter there was 
nothing more, as had been stated, than was perfectly well 
known for some considerable time past. It was perfectly 
well known that Mr. Bell used oxide of iron to do two 
things. He had to apply oxygen, and then some oxide of 
iron had to combine with the phosphoric acid that had to 
be reduced again. He could not help feeling that at the 
present stage of the matter they wanted more mechanical 
than chemical s tions, and he must venture to say 
that the minds of the workers in this matter were clear 
and s ht with regard to the chemical direction, A 
question been raised by Dr. Siemens, and it was a 








of samples, and did everything they could to let him know | tha’ 





point which really was the main point in this matter, and 


till | that was, how to get a basic substance which was mixed 


with the charge, and how they were to work that to 
produce the most effect? How they could get the lime 
ready to combine with the posphoric acid, and to prevent its 
being reduced. They wanted some mode'of bringing the 
materials together so as to enable them to uce more 
effectual and perfect changes than they had hitherto been 
able to produce. 

At the conclusion of Professor Williamson’s re- 
marks, the discussion was adjourned until the follow- 
ing day, Friday the 9th inst., when it was re-opened 
by Mr. J. T. Smith, of Barrow, who said : 

He felt sure that all who heard what Mr. Richards had 
said on Thursday could not doubt his conviction of the 
truth of what he stated ; and the only doubt that could re- 
main in their minds was as to whether the production 
could be a commercial success ; while there was but little 
doubt in the public mind about it, he thought all of those 
present who were interested in its being a commercial suc- 
cess would rejoice in the —~ of the Middlesbrough 
people in being able to make steel from their own material 
Pithout importing it from abroad. At the same time he 
looked upon the discovery without much fear, because he 
believed the people on the West Coast had a material tha 
would hold its own; whatever the conditions of the me- 
chanical appliances, it would be long before they would 
find that those who the very best things were to 
be extinguished by those who had things not so good. For 
a long time to come they would find steel made at Sheffield 
and on the West Coast. 

Mr. Buatr, of Sheffield, stated that he had the pleasure 
of being present at two blows at Messrs. Bolckow and 
Vaughan’s works, and Mr. Richards an him every 
onsen mais Fwy the process, and he brought samples 
away convinced that the thing was a success. There were 
before the meeting three and a letter; and the 
—_ of Messrs. Thomas and Gilchrist, and Mr. Snelus 

eserved to be properly discussed. He did not think that 
Mr. Riley had gone outside his laboratory ; he had made a 
lining, but no results to give them. However, they 
all wished him success; and he hoped that in a future 
meeting Mr. Riley would show some advantage to be 
ined. It appeared to him that a great many attempts 
Ged bean made to gat a basic lining and & good converter 
bottom for the purpose of eliminating phosphorus; he 
would be sorry to say how many attempts had made. 
Now the basic conditions were no doubt successful, and ata 
small cost ; but it must be apparent to all present that if only 
80 out of 100 blows were good, and 20 were bad, that would 
be a serious drawback in the use of this process; and if, 
moreover, there remained 0.2 of phosphorus, there would 
be a mess. From the given, as to the 13} per cent. 
lime and 7 per cent. oxide of iron, he calculated the cost of 
that at about 3s., which was important. It was not dis- 
ated that the lining weuld answer well, and Mr. Richards 
every faith that it would answer well. He had seen 
two of the kilns at which these bricks were made, and he 
was astonished to see in the brickyard so small an amount 
of waste. He could give an instance as to the dura- 
bility of linings when silicious bricks were made. At 
Sheffield some experiments were made with silica linings 
in the ordinary Bessemer converter with tuyeres of the 
silicious kind made there, and they were all astonished to 
find how wonderfully they answered, the gannister being 
barely touched. One point to which he wished to call at- 
tention was the cost of the production of these bricks ; it 
was desirable to have some information on that point. 
Another point was the heavy loss. There was a loss of 1 
or 2 per cent. in blowing Cleveland pig, as compared with 
blowing hematite pig ; it amounted to 14 per cent. in blow- 
ing out phosphorus from pig. They had heard some- 
thing of overblowing, which, as he understood it, meant 
blowing after all the metalloids and manganese were blown 
out. Hedid not think it fair, however, to speak of over- 
blowing till the iron began to burn. Some people thought 
tas soon as the carbon was eliminated the iron began 
to burn ; but he did not agree with that, for he had been 
struck by observing the small amount of brown smoke 
emitted from the converter after the carbon had disap- 
red. The item of loss appeared the heaviest. Mr. 
ichards astonished them all when he put it downas 17 per 
cent., perhaps 16}; and if he was so fortunate as to blow 
that iron, and form slag containing 20 per cent. of iron, 
and only lose what he said, he thought Mr. Richards more 
fortunate than he anticipated. In numerous analyses 
which he had made himself, he found that practically all 
silicon could be driven out. They all knew how important 
that was to the steelmaker, for it was the usual source of 
trouble in the mills and workshops. If this process drove 
out the silicon, he thought that would be an additional 
feather in its cap. The three points to which he wished to 
draw attention were the cost of the basic addition, and the 
cost of the lining; and if the process was one that would 
Pay they were all satisfied it would be a great success. 

8. I. L. Brut, referring to the few words that had just 
fallen from Mr. Blair as to 0.2 phosphorus in the iron, 
said that if they were to be guided by the old dogmas in 
connexion with the manufacture of steel, no doubt 0.2 of 
phosphorus might be fatal ; but so far as the analyses were 
concerned with which they had been favoured there were 
none that came up to 0.2 cent., ne one, which 
was probably made under exceptionally unfavourable 
circumstances. It was well known that large quantities of 
rails were now produced by the open-hearth process, but 
they were produced by using very impure materials, and the 

ils so made contained very much more than 0.2 per cent. 
If, then, so far as the rail trade was concerned, Mr. Richards 
or Mr. Gilchrist enabled them to make steel with less phos- 
phorus than 0.2 per cent-, he did not doubt that their con- 
tribution to the science of iron — was very opportune 
and useful. As to the heavy loss 1 or 2 per cent. in 
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making steel from hematite pig, that was a matter which 
two or three figures would settle. Taking 2 per cent of 
iron costing 10s. or 15s. a ton less than hematite pig in the 
open market, the question was, would such an impediment 
to the introduction of the process be a bar to its use. He 
did not think such would be the case. With regard to the 
20 per cent. in the slag, so far as analyses were concerned, 
in no instance did the iron amount to that. As arule, it was 
not more than about half that, 12 or 13 per cent. He 
with the dictum that they had not to consider persons in the 
matter ; what they had to deal with were facts ; and in that 
way alone would he address himself to the question before 
the meeting. Admitting the correctness of what they had 
heard during the present meeting, they must be de 
indeed to the interests of their common trade if they did 
not congratulate the science of metallurgy on its progress 
during the past few months. He was at a loss to discover 
why — great amount of doubt should be attached to the 
truth of the process under consideration. One would fancy 
from what was said that separation of phosphorus from 
iron was previously demonstrated to be dens impossible, 
but that was not the case. Of the four metalloids, namely, 
carbon, silicon, phosphorus, and sulphur, not one of them 
refused to give way under proper treatment. It was known 
how easily carbon was completely separated from iron, 
so that no trace remained. This could be done in the 
oe we processs as well as in the Bessemer converter. 
phosphorus, during all this treatment, had refused 
to be separated either by the puddling or refining process, 
perhaps there might be some shadow of ground for the 
assertion that there were insurmountable difficulties at- 
tached to the separation ; but he knew of no difficulty insepa- 
rating 25 or 30 per cent. of the phosphorus ; and they might 
by careful puddling eliminate 90 per cent. or more. Why, 
then, should the entire separation be received with in- 
credulity by the world? Supposing a basic lining to be 
necessary—and they were bound to accept the assurances of 
Mr. Snelus and others that a basic lining did appear to be 
necessary —let them consider what it would be capable of 
us in the way which had been lain before them by 

r. Snelus. That Mr. Snelus during the course of his 
experiments had succeeded in eliminating phosphorus to the 
extent named, his well-known character would lead no one 
to doubt; but could the process described by him be carried 
on successfully and persistently ? Of that he (Mr. Bell) con- 
fessed he had very grave doubts, because it appeared to him 
that the function to be fulfilled by the lining of the Bessemer 
converter was entirely inconsistent with its operation as an 
eliminator of phosphorus, because the one once adherent 
continued to adhere to the sides of the converter, while the 
other meant its removal in order to be incorporated with 
the iron under treatment. That being the case, if the 
figures given by Mr. W. Richards were correct, the Besse- 
mer lining, in order to fulfil the second function, must 
quickly be destroyed, because what were they told by Mr. 
Richards? They were told that 20 per eent. of the weight 
of pig, a mixture of one-third of oxide of iron and two- 
thirds of lime, was added to the charge. Speaking roughly, 
he was pretty near the mark when he said that the lining 
-y — ordinary Bessemer converter might weigh over 6 or 

ms. 

Mr. Snztus: The bottom alone weighs 4 tons. 

Mr. BELL: We are merely dealing with that part which 
is to be worn off. If that be the case, it is a very easy 
thing to calculate the weight of lime which must be worn 
off in order to supply 20 per cent. to the iron under 
treatment. Now, the Bessemer converter holds 8 tons, 
which is 160 cwt., and 20 per cent. of that weight is some- 
thing like 14 tons, so that in order to fulfil the conditions, 
which he understood Mr. Richards assumed as essential to 
success, there must be worn off the lining of the converter 
at each operation to the extent of 20 per cent. of its entire 
weight. Therefore, the addition of the basic material to 
the charge is indispensable for success. His friend, Pro- 
fessor Williamson, had mentioned that he considered the 
lime absolutely necessary in order to take up the phos- 
phorus, or rather, perhaps, he should correct that by 
saying that he spoke of the lime under the conditions 
as being the absorbent of the phosphoric acid. He was 
not aware that in the figures there is anything to justify 
that supposition. It is well known that a base such as 
oxide of iron, is as good an absorbent of phosphoric 
acid as is lime. It therefore becomes a question weber 
oxide of iron or lime is a cheap material for the purpose in 
question. He had gone over the figures connected with the 

nalyses as they appeared in the paper of Messrs. Thomas and 
Gilchrist, and he found that there was a little irregularity 
—an amount of irregularity, however, not more, he must 
frankly admit, than might reasonably be expected in experi- 
ments of this kind. But there is a certain amount of 
irregularity in the results laid down, and he failed to see that 
it can be said absolutely that 20 per cent. of silicon is a 
fatal bar—he ought not to say a fatal bar—but that it inter- 
feres very seriously with the operation in question. Hehad 
taken out here eight samples. Nobody could doubt taat the 
presence of silica must interfere with the action of oxide of 
iron upon phosphorus. At the same time he admited that he 
believed it was absolutely indispensable that they should have 
a considerable quantity of oxide of iron present. It had been 
mentioned in the paper in one analysis where 36.8 per cent. 
of silica is present, that there is .1 per cent. of phosphorus 
still remaining in theiron. He would point out that in that 
instance 1.4 per cent. of metallic iron was in the form of oxide. 
He did not know that he need trouble the meeting with the 
figures, but he had satisfied himself that the non-existence of 
oxide of iron in the cinder, appeared to be as indispensable 
as the absence of above a certain uantity of silica. No- 
body could doubt that the presence of silicain a decomposition 
like that is a very important matter for consideration. It 
might be remembered that at the first or second paper he had 
the honour of submitting to the Institute, Professor William- 
son drew their attention to that circumstance. He men- 
tioned that the oxidisation of the silicon in the pig-iron 





must necessarily interfere with the action of the oxide of 
iron upon the phosphorus. Of course, no one who has con- 
sidered these matters could for one moment doubt that. One 
of the most ordinary modes of dealing with ordinary crown 
glass was by heating silica, not, as formerly, with soda or 
tash, but with sulphate of soda, in which case the silica 
rives off the other material and forms a silicate of soda. 
That consideration induced him in his experiments to 
the effect of calcareous ores ; because, of course, if he coul: 
expose to the action of the iron that which he wished to de- 
phosphorise the oxide of iron, common sense suggested the 
necessity of doing that. He mentioned that he could scarcely 
say whether Cleveland ironstone or oxide of iron performed 


ad | the operation more ey He had no doubt thata certain 
eve 


amount of silica in the Cleveland ore necessarily interfered 
with the result, but that did not prevent the Cleveland 
ironstone dephosphorising. He succeeded down to 0.3. There 
were some ironstones more calcareous and less silicious. 
These, of course, could be used. He then added lime, and 
undoubtedly he found a considerable advantage by the addi- 
tion of lime to the oxideof iron. All that he could say was 
that he entered upon these investigations with a hearty wish 
to do the best he could, and that best, whatever it may be, 
or at any rate, he had laid before the members of the Iron 
and Steel Institute, all the facts almost as soon as he knew 
them himself. He would just say one or two words with 
a to what he thought was misunderstood with regard 
tohimself. Probably if there has been any such misunder- 
standing, the fault laid rather with him than with those 
whom he addressed. What he did attempt to lay down and 
sought to establish was, to a certain extent, a law which re- 
ulated the separation of phosphorus from iron, and that 
aw, in his opinion, was determined, more or less, by differ- 
ence of temperatures. Now, he hoped he never said, and 
certainly, so far as he remembered, he never thought that it 
was impossible to separate phosphorus from iron at high 
temperatures. That he never pretended, and he was not 
aware of having said anything to justify that opinion. 
What he did mean to say was this, that his opinion was, 
and it was still his opinion, that different ees of 
temperature did modify the action of oxygen gas de- 
rived from oxide of iron upon the materials usually asso- 
ciated with pig iron, and he would say also carbon, 
silicon, and phosphorus. Silicon under all circumstances 
seemed to leave the iron so readily that it was almost 
unnecessary to refer to that. But what he attempted to 
explain was, that the relative velocity with which 
carbon was separated from pig iron by oxide of iron was 
materially impeded by diminution of temperature, whereas 
the separation of phosphorus peor! iron was very greatly 
expedited. They knew ina puddling furnace the relative 
ratios at which these two metalloids are separated from 
pig iron. By altering the temperature he succeeded in 
leaving in po A 4 per cent. phosphorus, while only 90 per 
cent. of the carbon had been removed, as long as_ he 
was seeking to obtain a fusible material, that is, iron 
containing carbon, to be fusible at a low tempera- 
ture. But the instant it was stated that this high 
temperature can be applied and steel produced at one 
heat, from that moment of course the law that he laid 
down, except so far as it might be a contribution to 
scientific knowledge, lost the interest that it had before. 
He was bound to admit that Messrs. Thomas and Gil- 
christ told them that if a cinder in a Bessemer converter 
contains as much as 30 per cent. of silica, it is almost im- 
possible to separate the phosphorus, but it would be 
found in the paper of Mr. Louis that in the puddling 
furnace an approach to 30 per cent. of silica is by no 
means an uncommon amount of that ingredient, and it 
would be found that the phosphorus was almost entirely 
separated. This phosphorus in the resulting bar iron 
is reduced to .06, which is as low as any analyses in 
the Bessemer steel, and, as is known, is impossible’ 
with the converter under the circumstances. He was 
entitled, therefore, to infer that taking the same silica 
ineach case with the resulting cinder, temperature does, 
in a case like that, ay on important role in the action. 
With regard to what he had done himself, he would just say 
that he concurred entirely in the opinion which fell from Pro- 
fessor Williamson, that mechanical contrivances were re- 
quired to supplement the chemistry of the separation of 
phosphorus. As long as they were enabled very expeditiously 
to incorporate the two substances given—so long anything 
but failure came to their labours. His last trials were con- 
ducted in a rotating furnace by the owners of the Eston 
Works at Middlesbrough, and he proceeded to approach 
it in the following way. The furnace was altered accord- 
ingly, that is along the bottom ; the furnace was one with a 
water jacket, the bottom was partly taken out, and a long 
bridge securely rivetted on to the bottom. The lining of 
oxide of iron was then p in the furnace in the ordinary 
way, and into the furnace was put a oars of pig iron 
with oxide of iron, and thus broke action, forming as it 
were a mash over which the iron fell during the rotation 
of the furnace, and in order to preserve the lapping holes 
perfectly free except of making a complete revolution. 
The furnace was made to oscillate under a complete revolu- 
tion of three-fourths or a half, and then the engine was 
reversed and the action repeated, and in that way using 
abont 30 per cent. of the weight of oxide in about six minutes 
they succeeded in reducing the phosphorus from 1.6 to .094. 
He gave the average of five trials ; the lowest one was 1.05, 
and the highest 1.097, and the average 1.094; and t 
separation was effected in about six minutes, with some- 
thing less than 5 per cent. on the whole. The oxide used 
was a mixture of a small quantity of mill cinder, to permit 
fusion, and the remainder of it was blue billy. é 
Mr. Parker remarked that there was one inconvenience 
in connexion with this process, and that was the lai 
amount of fluid cinder, which would be very much in the 
way of using the Bessemer process, supposing an ordinary 
percentage in the pigiron. When the paper said there 
was an addition of more than 2 cwt. per ton of basic 





material, that was rather a delusive way of putting it. 
Supposing they had 24 per cent. in the pig iron, that was a 
fair average to take (that meee pm cent. of silica). Now 
wer | the condition that slag only 15 per cent., they 
should have left 85 per cent. He thought 15 per cent. of 
bases would be very nearly 30 per cent. with basic material ; 
that is in the proportion of 6 cwt. per ton, instead of 2 owt. 
The fluid cinder would have to be dealt with, and it would 
be very much in the way. The most important point in 
connexion with the process was the effectual removal of 
the phosphorus. It seemed that when they got to the end 
of the blow they had removed the whole of the carbon and 
the silicon, but there was still about one-half of the phos- 
phorus to be dealt with, and that was to be remedied by 
three minutes’ overblowing. That was a serious draw- 
back, when they considered the large amount of ae 
which was to be dealt with in so short a space of time they 
might be either underdoing it or overdoing it. To settle 
this question they must have further details as to the pro- 
cess. He was rather surprised that only thirteen blows 
had been taken on a large scale. Before they were in a 
position to estimate they ought to have more experiments 
on a large scale, and nding for several days, with the 
amount of basic additions, with the ave percentage 
of loss, and with an estimate of phosphorus in po 4 blow 
consecutively, not in selected blows. However.much they 
might admire the great ingenuity of the process, still they 
were not in a position to judge, and had not sufficient data 
to judge of the commercial and chemical value of the pro- 


cess. 
Mr. Sreap observed that he had given considerable 
attention to the manufacture of bricks in conjunction with 
Messrs. Thomas and Gilchrist’s process, and perhaps it 
might not be out of place to give some little information of 
the difficulties which were overcome in the manufacture. 
He thought that there was very great credit due to Messrs. 
Thomas and Gilchrist for having first produced a brick 
which had been the means, once for all, for the first time, 
of obtaining such an excellent result as that which they 
had seen yesterday from the Bessemer converter. The 
limestone used for making the brick is described by 
Messrs. Thomas and Gilchrist, and contained about 7 per 
cent. for the best result of silica, and about 3}‘per cent. of 
alumina and oxide of iron. The rest was made up of 
carbonate of lime and magnesia. That on burning gave 
10 Fe cent. of silica, and about 4 to 5 per cent. of alumina 
and oxide of iron. Mr. Gilchrist showed the very satisfac- 
tory result which he had obtained on heating those bricks 
to an excessively high temperature in a platinum tube. 
The platinum surrounding the bricks was melted all round, 
but the brick was perfectly well defined, and the corners 
were not melted. Part of this brick was exposed to the intense 
temperature of an — drogen blowpipe flame, which 
would very readily melt the purest silica that they could 
obtain, but he could see that a very sharp-pointed edge of 
this was splintered, and the exposed part was not in the 
slightest degree softened. That, of course, would speak 
for itself. The bricks contracted very enormously in 
burning, and it was due to those who made the bricks to 
say that it = a basic lining so dense that they owed the 
success of the process to the density. The brick was really 
so dense that it would not absorb any appreciable amount 
of water. He had had several such bricks, and had taken 
them out and allowed them to stand for several weeks in 
the open air, and they did not disintegrate. If they were 
made up to a very fine powder, it was trae that the 
absor' moisture and slag, but there was not muc 
danger of the brick slaking, unless for a very long time 
exposed to the action of water, and then it took place from 
the outside inwards. Professor Williamson had told them 
that they ought to look for a neutral lining; and bauxite 
and alumina were mentioned as materials suitable for this 
purpose. The neutral lining would not be bauxite; for 
alumina, which they all knew was very readily fluxed by 
lime, formed aluminate of lime, which was extremely 
fusible. Another lime had been suggested, namely, a 
carbonised lining. Any person who tried the experiment 
of heating, to a very excessively high temperature, iron in 
a crucible, would know that it would not answer, for the 
iron so rapidly took up carbon that it would be almost 
impossible to keep such a mass in contact with it 
without continually recarbonising the metal. In a con- 
verter they would have to blow until the whole of the 
carbon would be burnt out. The carbon would be burnt 
from the metal, and the metal would be readily recarbonised, 
and so the process would continue until the whole of the 
lining isappeared. There was another point, it had 
been said that limestone would contract. It was true it 
would contract, but limestone containing a very small 
uantity of silica required an enormously high temperature. 
t was a very easy matter in the laboratory and in a 
crucible to trace in a fire where the tempered iron had 
reached the melting point to obtain such a result; but, 
dealing with the matter in a practical way they would find it 
a very difficult matter. Limestone of this composition con- 
tained abont the smallest amount of silica and alumina which 
could be used | ype wre eg and obtained in a dense form. 
If this silica and alumina were increased, then the material 
became so fusible as to be almost useless in the Bessemer 
process. There was another point that Mr. Richards 
mentioned yesterday, he gave a diagram showing the 
changes in the Bessemer converter. As it had been his 


his | own fortune to have made a very large number of analyses 


of several blows taken at different times, he might sa; 
that the changes that took place were very little modifi 
by circumstances suchas these. First of all, if the amount 
of fluid oxide or fluid basic cinder that was in a considerable 
uantity during the first part of the blow, they found that 
the phosphorus was removed very much more rapidly before 
the carbon disappeared—not altogether. (The speaker here 
referred to the diagram produced by Mr. Richards, see 
448). Judging from the result obtained by Mr. 
Bishards, they should naturally conclude that if the 
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sufficient—that is to say, that the s was sufficiently 
fluid and basic—the phosphorus might be removed before 
the flame dropped, and by the indication of the flame they 
could tell when the operation was concluded. He thought 
that that would eventually come. There was another point 
which had been mentioned, viz., that in consequence of 
the process requiring such a large amount of fluxes to 
purify the iron, the heat would be reduced, and there would 
of producing skulls during the operation. Mr. 
Thomas had mentioned in his paper that phosphorus very 
probably produced heat in its combustion. Now, there was 
no doubt that this was so, and that phosphorus would 
really give the amount of heat to melt the bases 
added. If it was found in practice that this was not so, 
it was a very easy matter to either melt the bases before 
being added to the converter, or to heat to a high tempera- 
ture, or, as had been proposed, to blow in eumised air 
into the blown metal, ‘There are several methods already 
brought to the front by which the difficulties might be got 
over. Now, as to the wearing of the lining—as to the per- 
manency of the lining in the converter, he could only say 
that in the iments at Middlesbrough and Eston 
Mr. Richards and Mr. Gilchrist had managed gradually to 
uce a converter bottom, which would stand three, four, 
ve, six, seven, and eight times, and in the last experiments 
they had made at they had found that the bottom 
stood no less than nine blows. Persons who knew what the 
Bessemer process was, and knew how long the gannister 
bottoms stood, on an ines about ten or eleven times, 
saw that the basic ial was a refractory one, and 
likely to answer. They had gone on up to nine, and it was 
probable after a little more practice they might get to 
nineteen or more. There was another point, and that was 
the waste in the converter. Theoretically judging from 
the analyses, calculating that there wis about 25 per cent. 
of slag to metal, and that 10 iw cent. of this iron in the 
was due to iron from the burniag, they would very 
ily see by simply calculating that nearly cent. of 
iron was burned even in this tion in which the metal 
was considerably overblown. it it was not overblowing, 
it was dephosphorising, which would not give it that over- 
the sense of the term when it was neces- 
hat is as to burning the iron—the iron was 
to any consi extent. It was burning in 
b ratio as the phosphorus when the carbon 
disappeared. About one per cent. of iron burnt one per 
cent, of phosphorus, and only about 1} per cent. was burnt. 
Theoretically if the whole of the iron were obtained from 
the slag he thought eventually it would be found that they 


on the pig-metal added. He thought it was a mistake to 
say that everybody knew, and had known, that phosphorus 
might be eliminated in a converter at a high temperature. 
It had been stated over and over again, and he had been 
led away to conclude, that at a high temperature it was 
not possible for the phosphorus to be removed from the 
Bessemer conyerter. That the phosphoric acid could not 
be really disassociated at the high temperature, was an 
opinion popularly held. If gentlemen knew that it could 
be done, why were not their views raised against those who 
said the contrary, and if everybody knew that it was not 
so, surely they must have had some one who would have 
come forward to contradict the erroneous statement. There 
was only one person who had stated meeting after meeting 
that he believed that phosphorns could be eliminated at a 
high temperature, and that was Mr. Snelus. He thought 
that very great credit was due to Messrs. Thomas and 
Gilchrist, and Mr. Snelus, for having proved to the world 
against scientific opinion, that this could be done, and the 
greatest thanks and praise from that society was due to 


those gentlemen. 
(To be continued.) 








Tue Nicaracua CaNAL.—A congress has been sitting 
in Paris under the presidency of M. de Lesseps, to decide 
between two rival French schemes for the construction of a 
canal to unite the Atlantic and Pacific oceans. One of these 
schemes, which ap somewhat plausible, is that of 
M. Blanchet, a pupil of M. de Lesseps, who proposes to g° 
further north than the Isthmus of ien to avoid the 
numerous difficulties of that route, by utilising the lake of 
Nicaragua. This plan bears some general resemblance to 
the American plan of Lull and Ménocal, though it still 
differs from it both in principle and in detail. M. Blanchet 
proposes to start from the Pacific at Port Brito ; then, after 
reaching the lake, to shoot right across for the San Juan 
River, follow the river for nearly its entire course, and 
reach the Atlantic by a short cutting to San Juan del 
Norte. Port Brito and San Juan del Norte would, there- 
fore, form the extremities of the Lull and Ménocal 

ropose pretty much the same course, but where M. 

lanchet differs from them and from all other projectors 
who have suggested this route is in his proposal to prolong 
the lake to the adjacent valleys on either side, and thus 
extend the area of lake communication between ocean and 
ocean—to do, in fact, what M. de Lesseps did at Suez with 
Lake Timsah and the Bitter Lakes. The main point in all 
these Ni n schemes is the existence of the lake. 
Here is a vast sheet of water stretching half way across 








done by nature. M. Blanchet goes further, and says that 
with comparatively small labour you may virtually prolong 
this lake far down the San Juan valley on the Atlantic side 
and the valley of the Rio Grande on the Pacific side. Then 
as you approach the low-lying lands at the outlet (the lake 
being of a higher level than the adjacent ocean) you regu- 
late the flow by a double series of locks on the Atlantic 
side, and a single series on the Pacific side. M. Blanchet 
requires 14 edie for Nicaragua, while those called for by 
the Selfridge plan for Darien number 22; those of the 
former, besides, lie together in ups, which makes them 
more easy of management. he narrowest part of M. 
Blanchet’s canal is 164 ft. wide, with a draught of nearly 
$1 ft., and for the greater part of its course it is properly 
speaking no canal at all, but a broad lake. The estimated 
cost of M. Blanchet’s canal is about 40,000,000 dols. 





RatLways AND STEAMERS.—On May Ist the pier at 
the foot of Grand-street, Jersey City, was vacated by the 
Cunard Company, who have transferred their landing to 
Charlton-street, New York. The work of demolition has 
commenced preparatory to the arrangement of facilities for 
the direct transhipment of freight between the railway 
lines and foreign steamers. The pier will be enlarged to a 
width of 130 ft. and length of 540 ft. with two Ye gem 
railway tracks, running down the centre, and a dock on 
either side 180 ft. in width. The old pier will be removed 
and the adjacent docks dredged to a depth of from 25 ft. to 
30 ft. at low water. A shed covered with corrugated iron 
will enclose the whole. At Harsimus Cove, Jersey City, 
there will be built a grain elevator of a capacity — 
1,500,000 bushels, with piers and bulkheads jacent 
adapted to the storage or transhipment of freight. The 
tracks in all cases will extend upon the piers. e latter 
will be of great width, and will be covered with substantial 
structures, two stories in height, of a capacity sufficient 
fora steamer, when either loading or disc ing, to move 
in the least from her position after she had been made fast. 
With the improved appliances, according to present calcu- 
lations, not more than three days will required for a 
steamer to discharge and reload. Under the arrangements 
now contemplated, any amount of freight can be housed to 
await the arrival of an expected vessel, so that freight cars 
can be at once returned for further service. Neither 
the vessel be detained by the shifting and handling of cars 
— she is laying at Ape ee, Saat and cars —_—- 
work together, though under different management, 
the least possible loss of time. According to the estimate 
made, the entire expenditure will be abont 400,0000. 
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AMERICAN IRON AND STEEL WORKS. 
By A. L, Hoiiey and Lenox Sirs, 

No. XXXVII.—Satispury IRoN AND THE WORKS OF 
THE BARNUM RICHARDSON COMPANY. 

‘Tue Salisbury iron ores, the fame of which dates 
back to colonial times, are principally obtained 
from three mines known as the Old Hill, Davis, 
and Chatfield ore beds, situated in the town of 
Salisbury, Litchfield County, Connecticut, U.S.A., 
on the eastern slope of the Tocconnuc range of 
mountains. 

Some historical facts concerning these deposits will 
be of interest to English as well as to American 
readers. The Old Hill bed is included in a tract of 
land of 100 acres, originally granted in October, 1731, 
and which was soon after surveyed and located by 
Ashley and Pell, the descendants of the former 
being still owners in the mine. For many years the 
ore was obtained easily and in abundance, and up to 
1840, the average yield was estimated to be about 
4500 tons per annum, which output has gradually 
increased to about 15,000 tons ennually. The greatest 
yield in any one year was about 20,000 tons. The 
proprietors of this mine were pew y renee under 
the style of ‘‘ The Salisbury Ore Bed Proprietors.” 

The Davis ore bed was mined as early as 1730 or 
1731, and was worked by Thomas b, who 
owned it before the town of Salisbury was organised 
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The first forge in this vicinity was erected at Lime 
Rock, in Salisbury, in 1734, by Thomas Lamb, who 
was succeeded by several owners, Among those 
who owned it longest and worked it most success- 
fully were Canfield and Robbins, who operated a 
forge and blast furnace on this site for many years, 
and also a forge and blast furnace on the Housa- 
tonic River, just below the Canaan Falls, using at 
both places the Salisbury ores. About the year 
1748 a forge was erected at Furnace Village, 
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for the pur of supplying his forge at Lime 
Rock. It og ua: constantly worked since 
first opened with an increasing production which is 
now estimated at about 15,000 tons per annum. 
The proprietors of this mine are now incorporated 
under e name of the ‘‘Forbes Ore Bed Com- 


The Chatfield ore bed was named after its original 
owner, and was opened shortly after the other 
mines, since which timeit has been steadily worked. 
The supply of ore is apparently inexhaustible. The 
present yield is about 12,009 tons per annum, 

The ores from these mines are all of the same 
several character. They are brown hematites yield- 
ing about 45 per cent of iron, and the mines are 
worked to an extent sufficient only to meet the 
requirements of the furnaces in the vicinity and not 
with a view to supplying the general market. 

The ore is raised by open mining, and is worked to 


a depth of from 75 ft. to 100 ft. The ores are 
crushed and washed by machinery before leaving 
the mines. 








which is now called Lakeville, and in 1762 John 
Haseltine, Samuel Forbes, and Ethan Allen (of 
Ticonderoga fame), purchased the property, and 
built a blast furnace, which is supposed to be the 
first blast furnace built in the state. This old 
furnace produced 2} tons of iron in twenty-four 
hours, using 3 tons of ore and 250 bushels of char- 
coal per ton of iron made. 

Fig. 1 is a sectional elevation through the lining 
and hearth of this old Lakeville furnace, sho i 
the form and size as nearly as possible from existing 
data. The lining was of slate, the hearth of “ fire- 
stone,” a silica rock from Haverstraw, on the Hud- 
son River, and the envelope consisted of white 
limestone obtained from the quarries, the Yee be- 
tween the lining and the envelope being with 
yellow clay. 

The blowing sepenine of this furnace, as used 
in 1776, consisted of a pair of leather bellows 
driven by a water-wheel; on the shaft were cams 
which engaged similar prieeions on a vertical 
lever, thus actuating the lever of the bellows, This 











- erty, in 1768, came into the ion of 
shen Smith, of Hartford, Conn., a loyalist, who 
returned to England when the war broke out, dur- 
ing which the property was not confiscated, but the 
State took possession of the works, and large quan- 
tities of cannon, shot, and shell were made for the 
General Government. The distinguished statesmen, 
John Jay and Gouverneur Morris, were frequently 
here superintending the casting and proving of the 
guns, and it was at this period that Salisbury iron 
became celebrated for the remarkable strength which 
still characterises it. After the war the navy was 
supplied to a consi derable extent with guns from this 
iron. The ship Constellation, commanded by-Com- 
modore Truxton, and the celebrated Constitution 
(Old Ironsides) were supplied with cannon made 
of Salisbury iron. 

In 1781, a forge on.Mount Riga, in Salisbury, was 
built, and was operated for many years after. The 
site was extremely favourable for charcoal and for 
water power. About 1785, Richard Smith, the 
ori owner, returned from England, and took 
possession of the furnaces and — but soon 
after sold them. The furnace continued to bethe only 
blast furnace in that section for a long time, and 
] numbers of kettles weighing nearly 
half a ton each, and pig iron for forges and foundries 
were produced by it. In 1810, Messrs. Holley and 
Coffing completed, at Mount Riga, a furnace and 


Fig. 3. 





ioe which had. been commenced in 1806 by parties 
unable to finish them, where pig iron, anchors, screws, 
and various forms of manufactured iron were made 
on an extensive and profitable scale. These works 
and those at Lakeville have since been abandoned. 
Two blast furnaces were built at the adjacent town 
of Canaan, Connecticut, in 1840 and 1847 respec- 
tively, for the purpose of manufacturing Salisbury 
D 


iron. 

The first foundry was built at Lime Rock about 
1830, and came into control of Milo Barnum, the 
founder of the Barnum Richardson Company, 
shortly after. The foundry business consisted in 
making clock and sash weights, plough castings, &c., 
and it gradually increased until 1840, when railway 
chairs, frogs, heel blocks, &c., were made for the 
railroad then building between S me | er and 
Albany, and called the Western Railr Company. 
These castings were transported by horse teams 
50 miles. The Salisbury iron, owing to its myo 
and chilling properties, was soon found valuable for 
making chilled car wheels. 

The Barnum Richardson Company, having bought 
two blast furnaces, was organised in 1864, they also 
purchased a foundry at Chicago. The works have 
since been increased by building, and the company 
has acquired further interest in mines and furnaces. 
A new wheel foundry was built in 1873 at Chicago. 
The two Chicago foundries have a capacity of 200 
wheels per day, and the Lime Rock works a capacity 
om wheels per day. They both use the Salisbury 


There were in the vicinity of Lime Rock four 
blast furnaces in operation in 1840, each using an 
average of 600 bushels of charcoal, and each pro- 
ducing 3 tons of pig iron per day. e Baroum 
Richardson Company now owns eight blast fur- 
naces, each using an average of 1200 bushels of char- 
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coal, and ucing ap average of 1] tons of iron | engine used in the Salisbury region. The blowing | following mileage of wheels made of Salisbury iron, 
each per day. The new furnace at East Canaan cylinders are operated by an overshot water-wheel. | which are, however, exceptional instances. 
made during its last blast an average of 80 tons of | The iron is graded as No. 1, 2, 3, 4, 44, 5, and 6. Miles. 
iron per week, which was at the time the best re- No. 1 is very soft, and little is made, as it does 4 wheels averaged 185,049 
corded campaign by a furnace of this size. The | not chill, and can only be used for cheap ordinary 2 55 9 220,528 
eight furnaces are all within a radius of eight miles | castings. No. 2 is the softest or lowest grade pro. ” ” boyd 
from Lime Rock, and are situated as follows: In | duced in any quantity. It will not chill, and is used laa ” 175°203 
Connecticut, three at East Canaan, one at Lime | for making malleable castings in air furnaces, and is 4 i a] 169,979 


Rock, one at Sharon Valley, one at Cornwall Bridge, 
one at Huntsville, and in New York, one at Millerton. 
The company has also a foundry at Jersey City, 
having a capacity of 150 wheels per _— 

The ore used in these furnaces is exclusively from 
the Old Hill, Davis, and Chatfield mines. The 
following analyses of these ores were made by 
Professor C. F. Chandler, of the School of Mines, 
New York, 


Davis Ore. 
Per cent. 
Sesquioxide of iron... one ate ‘a 
” mangarese eee ove ° 
Silica ... ; a ae wn ese 7.580 
Sulphur ok h cs eee 0.082 
Phosphoric acid _... oes dee od 0.032 
Lime, magnesia, alumina, water, &c. ... 15.210 
OF to: 
etallic iron 53.000 
o manganese 0.958 
Sulphur obs es 0.082 
Phosphorus ... begs he 0.014 
Chatfield Ore. 
Sesquioxide of iron... on ond 78.136 
99 manganese 0.826 
Silica ... id - 6.630 
Sulphar pa 0.048 
Phosphoric acid _... hae “a wo» 0.501 
Lime, magnesia, alumina, water, &c. 13.857 
uivalent to : 
etallic iron... 54.696 
» manganese... 0.576 
Sulphur ° eve 0.048 
Phosphorus ... 0.219 
Old Hilt. 
Sesquioxide of iron .. soe eee co 73.51 
5 manganese 0.96 
Silica ... ooo jet 10.48 
Sulphar 2 “a ese 0.07 
Phosphoric acid __... i eve 0.57 
Lime, esia, alumina, water, &c. 14.41 
—— : 
etallic iron 51.45 
* manganese ° 0.67 
Sulphur oes ian doe 0.07 
Phosphorus ... Bas ooo 0.25 


The ores before smelting are broken up in a 
Blake’s crusher, and washed in a Bradford ore 
washer, by which means they enter the furnace as 
free as possible from mechanical impurities. The 
fuel used is charcoal exclusively, which is obtained 
from timber produced on lands owned by the com- 
panies which control the furnaces. To insure a 
supply they own 100,000 acres of land held for the 
— of producing timber for making charcoal. 

The blast furnace No. 3 at East Canaan is shown 
in the engraving Fig. 2, which is a sectional eleva- 
tion through the hearth, fire and tuyere arches, 
lining, &c., and also through the hot blast stove. This 
furnace was built by the Barnum Richardson Com- 
pany in 1872, and is the most recently built furnace 
in the Salisbury region combining many improve- 
ments in construction. It is considerably larger than 
the earlier furnaces, and its record shows it to be 
an improvement over them. It made a continuous 


mixed with old wheels, and hard or high grades of 
iron for car wheels. No. 3 is a somewhat harder 
iron, and will chill slightly in the tread of a wheel, 
and is much used with harder iron in the manufac- 
ture of car wheels. No. 4is a still harder iron, and 
will chill about 4 in. deep in the tread of a wheel. 
This grade is used almost entirely for the manufac- 
ture of car wheels. No. 4$ is much used for 
malleable castings in cupola furnaces, and also for 
car wheels when mixed with lower grades or softer 
iron. It will chill about 3 in. deep. No. 5 mottled 
and No, 6 white iron are both very hard, and will 
chill to almost any desired depth. In fact No. 6 has 
the character of chilled iron all through. These 

des are used with softer iron for wheels and also 
or chilled rolls. 

The special service to which car wheels are sub- 

jected requires a combination of qualities possessed 

y but few irons, and even then to produce good 
wheels, the utmost skill in selecting and mixing the 
different gradesis required on the part of the founder, 
How successfully American manufacturers have 
contended with these difficulties is apparent from 
the extreme rarity of accidents from broken wheels 
notwithstanding the great weight of the rolling 
stock, and the long continuous runs made in severe 
frosty weather, for instance between New York and 
Chicago (1000 miles), by chilled wheels under 40-ton 
Pullman cars without accident. A chilled wheel 
must combine elasticity, toughness, and tensile 
strength to resist the manifold strains and shocks 
to which it is exposed, and the tread must be chilled 
sufficiently deep to resist wear. The chill must 
interpenetrate or interlace with the unchilled iron of 
the wheel. This essential characteristic of irons suit- 
able for making chilled wheels is shown in the frac- 
ture of the test piece which is examined as an indica- 
tion of the quality of each successful cast of wheels, 
and is known among wheel founders as “ sparkling” 
on account of the brilliant contrast between the 
colour of the chilled and that of the unchilled iron. 
In wheels in which the line between the chill and 
the iron composing the body of the wheel is strongly 
defined, and there is no interpenetration, the chill 
is liable to separate sooner or later from the wheel. 

The reason why some irons chill and others do not 
is as yet unexplained. The chilling is effected by 
causing the molten iron to. come suddenly in con- 
tact with cold iron, for which purpose a portion of 
the flask is made of a ring of iron smoothly turned 
to the shape of the tread of the wheel. The sudden 
cooling causes combination of the carbon in the iron 
of the tread, which becomes extremely hard, white, 
and crystalline. 

Fig. 4 shows a vertical séction of a flask enclos- 
ing a wheel of the Washburn pattern. The iron 
portion of the flask and that which causes the iron 
of the tread to chill is shown at AA. 

The ultimate difference in cost between chilled 
wheels and those with steel tyres is not yet absolutely 
determined, and is dependent upon further accurate 
statistical information on the subject which is being 





blast of 104 weeks with the results given below : 


prepared by several railroad managers in the United 








| . 3 a2 a | ue. 
‘|  |Sbg| a2 ER | By leks 
a ifs ze &3 ec & | Ce | Ci4 be iF | Average Ore per 
a3 a5 Bt | a4 lose | E', = : Ton of Iron. 
' | | o 
ee | a& | £88) £8 | gee) 58 ce 
| | tons | bush. tons ewt. qrs. Ib. 
Totals and averages for one 
ae ig eee 378 534,925; 1415 | 11,340; 105 I5perday, 108 | 2 5 1 26 
Totals and averages for 104 | 
weeks ... eee ose «| 29,836 /41,671,155 | 1396 | 895,080 80314 (7 o | Ib} bye 8 














In another campaign of 115 weeks the furnace 
made 9471} tons (of 2240 lb.) of iron, using 
49,203,035 lb. of ore, or 2 tons 6 cwt. 1 qr. 14 Ib. 
per ton of iron, and 1,007,790 bushels of charcoal, 
or 106} bushels per ton of iron. Average product 
= Pang 823 tons, and average product per day 

1} tons. e furnace was blown out because of 
the breaking of a shaft, and the hearth was good for 


& much longer blast. 
Fig. 3 represents the blowing engine at East 
Canaan, which is the most recent form of blowing 





States. The steel tyred wheel is nearer a true circle 
when first made than is a chilled wheel, although a 
series of experiments with wheels made by the Bar- 
num Richardson Company have proved that chilled 
wheels are cast within J,in. maximum variation 
from a true circle, 

The Barnum Richardson Company show from 


data in its ssion that the average service of 
its 33 in. wheels under ea, 9 cars is 50,000 
miles. The reports of the Lake Shore and 


Michigan Southern Railway Company show the 





The prejudice against the use of chilled wheels 
which has existed and still exists among railway 
managers elsewhere than in the United States, has 
to some extent been overcome; it is to be 
accounted for in part by the fact that efforts to 
manufacture chilled wheels in those countries have 
been attended with very inferior results due to the 
unfitness of theiron used, and to the inexperience ot 
the manufacturers. Lange quantities of wheels 
made of Salisbury iron have of late years been 
shipped to South America, and considerable quan- 
tities to New Zealand and elsewhere. 





CANADIAN RAILWAYS.—No. XX. 
Granp Trunk Ratway or Canapa.—lIV. 


PASSENGERS to Canada by the St. Lawrence route 
usually make the lights of Newfoundland on the 
fifth day after leaving Ireland. On the sixth they 
may expect to be in the Gulf of the St. Lawrence 
with land on both sides of them, though not per, 
haps in sight, but as a rule in smooth water, and by 
the seventh day they will have left the mails at 
Rimouski to be distributed in both directions by 
railway, and be sailing easily up the magnificent 
river, which gives its name to the route. At Quebec 
passengers leave the large steamer, which has more 
or less cargo to dispose of, and in a day or two after- 
wards she may be seen lying alongside the quay at 
Montreal as motionless as the dock wall itself. The 
harbour of Montreal, as it is improperly called, is 
in reality only a portion of the river opposite to the 
city, along the front of which a massive cut stone 
facework has been built, overa mile in length, form- 
ing the retaining wall of a street, lined with im- 
posing warehouses and stores, at a level above the 
usual spring freshet, and safe from the descending 
ice. A second wall, 160 ft. distant, and in front of 
this, also of cut stone, and in very heavy blocks, 
has been built in the river itself, to suit the usual 
summer height of the water, forminga wharf along 
the river, and giving accommodation to a large 
number of vessels, to the side of which, and of 
wooden jetties extending from it, they can be safely 
moored. In the summer season stone houses and 
offices are erected on this quay to facilitate the busi- 
ness, but they have to be removed before winter, 
or the spring ice would clear everything off this 
lower wharf, which is then submerged 10 ft. or 
15 ft. under a seething mass of foaming water and 
crashing icebergs. The Grand Trunk has a branch 
railway on to this wharf, which running alongside the 
vessels enables the produce of the west to be shipped 
with a minimum of handling, whilst floating steam 
elevators on the river side of the ship are quietly 
sucking up with their long pendulous trunks the grain 
and wheat from the barges and up-river steamers, 
and ‘‘spouting” it into the hatches of the ocean 
‘‘liner,” whose capacious “hold” requires some 
3000 tons before its appetite is satisfied. There are 
sometimes 12 or 15 ocean steamers, 200 sailing 
vessels, and half as many river steamers, steam 
barges, and floating elevators in the harbour at a 
time, and as the eye takes in the whole busy scene 
and observes the facilities for despatch, and the 
saving of labour, it is not surprising that at no place 
in the world can a vessel be loaded more expeditiously 
with a general cargo than at Montreal. The pas- 
senger terminus is by no means as complete as the 
freight arrangements, and ing over the first 
mile or two of the old Lachine Railway, through a 
low suburb, affording much too accurate an observa- 
tion of the interior and domestic arrangements of the 
plebeian houses, whose backs line both sides of the 
railway, the Grand Trunk proper is joined at 
the Tanneries, two miles out, curving round from 
the Victoria Bridge as it sweeps onward towards the 
west over the level island of Montreal. At Point St. 
Claire are the quarries from which the ma- 
terials for the great bridge were taken, the loose 
unused blocks still lying round conveying a much 
better idea of the immense size of the stones used in 
the piers and abutments than when seen in position 
in the bridge. The limestone lies in the quarry in 
uniform level beds, with seams at different distances 
along the face of the rock from 15 in. thick up to 





40 in,, regularly spaced and parallel like a huge pile 
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of boards of different thicknesses laid one above the 
other, Some of the quoins in the piers obtained from 
this quarry were 3 ft. in thickness, 15 ft. long, and 6 ft. 
wide, weighing 20 tons, and the contractors had 
machinery at both ends to handle these large blocks 
as easily as laying a brick. The advantage of this 
deposit is that whatever thickness a stone was got 
out, the whole course for the pier would come out 
exactly the same, and although no two seams might 
be precisely alike, there was no difficulty in obtain- 
ing any quantity of the one uniform thickness out of 
the same bed. 

At St, Anne’s, 21 miles from the city, we come to 
the extremity of the island of Montreal, and cross 
one branch of the Ottawa, to Isle Perrot, by aniron 
bridge, the centre span of which crossing the channel 
is tubular like the spans of the Victoria Bridge. 
St. Anne’s Bridge crosses the river exactly over the 
rapids which Tom Moore has immortalised in his 
celebrated Canadian boat song. The village of St. 
Anne’s is one of the oldest and most romantic of the 
‘¢ stations,” where the first Catholic missionaries had 
an oratory. The old chapel is still standing to the 
right of the railway and of the river in going from 
Montreal, and though now deserted (superseded by 
a larger and more modern structure) will always 
command the respect of the admirers of the ancient 
régime. It still retains something of the deep re- 
ligious veneration that attaches to a shrine which, 
in its day, has seen so much of that heartfelt 
natural worship, which comes unbidden into the 
roughest and most reckless bosom in the presence 
of real and imminent danger. The touch of nature 
that makes all men kin, warms towards the honest 
old ‘* vyoyageur,” who leaving here behind him, 
certainly for months and perhaps for ever, all traces 
of civilisation, he sought the ‘‘ saint of this greenisle,” 
the tutelary divinity of all Canadian voyageurs, for 
those ‘‘ cool heavens and favouring airs” so necessary 
for his comfort and safety in the leagues upon leagues 
before him of conflict with the Ottawa’s tide. How 
many brave souls here knelt for the last time at the 
altar of their God, how few were the crews that 
worshipped here on their upward journey who re- 
turned to pay their devotions at St. Anne’s, unthinned 
in numbers from the gory knife of the Indian, or the 
equally merciless falls and rapids of the great river. 
There is now a canal, with a single lock in it, on the 
village side of the Ottawa, which is also crossed by 
this same railway bridge, that enables upward bound 
vessels to avoid the current, but on their downward 
course the steamers generally run the rapids, pass- 
ing under the bridge just at the quickest portion of 
their course down the turbulent water. The height 
of this structure after some discussion was fixed at 
36 ft. above ordinary water, and this has in conse- 
quence been established as the standard throughout 
Canada for the minimum height of permanent bridges 
over navigable rivers. 

St. Anne’s Bridge carries the railway on to Isle 
Perrot, whence another iron structure crosses a 
second branch of the Ottawa, to the main land of 
Vaudreuil, which with Soulanges are the only 
counties belonging to the province of Quebec 
which is west or south of the Ottawa, this river 
elsewhere being the boundary between the two 
divisions of Upper and Lower Canada. From this 
point to Kingston, 145 miles, the course of the 
railway is by the side of the St. Lawrence over a 
flat level country of a not very inviting description, 
and the train speeds along over this dull uniformity 
with not much to interest the traveller, the St. 
Lawrence itself being generally hidden by the rising 
ground immediately on its bank, or a fringe of miser- 
able little spruces, whose stunted poverty shows 
how small is the depth of the soll over the flat 
limestone rock that underlies the whole district. 
At Coteau Landing, 37 miles from Montreal, a rail- 
way is slowly progressing to completion, which 
might have been a most useful member of the 
Grand Trunk system, and which had it been helped 
forward by this company at the right time would 
have probably superseded for years the formation 
of the rival system of roads now being completed on 
the north side of the Ottawa River between Quebec, 
Montreal, and the capital. This Coteau Railway 
would have been the shortest and best line be- 
tween Montreal and Ottawa, involving not a single 
important bridge to be built between those points 
and being the natural main stem of the Pacific Rail- 
way, making 325 miles of the present Grand Trunk 
from Rivigre du Loup to Coteau Landing part of 
the great national — and obviating any neces- 
sity for a second bridge over the St. Lawrence in 


addition to the Victoria at Montreal, The distance 








from the Junction to Ottawa would have been 80 
miles, being as nearly direct as possible, passing over 
an excellent country and involving no heavy or ex- 
pensive work. With the singular bad luck, however, 
which seems to attend English managed companies 
in Canada, the opportunity passed away, the rail- 
way on the north side of the Ottawa has been com- 
pleted, a most formidable rival has been called into 
existence, the Grand Trink will now form no portion 
of the Pacific system, and this very Coteau Railway 
may not improbably be developed into another most 
serious antagonist, that will partially paralyse 
another large section of the unfortunate Grand 
Trunk. The present project is to continue this 
line across the older road and the St. Lawrence 
River, to a junction with the Vermont Central Rail- 
way near Centreville, in the state of New York. 
The length of this new road from Ottawa city to the 
Vermont Central will be about 117 miles, and it 
would form a most excellent through route between 
all the Canadian systems and the American railways, 
be the means of communication from New 
York, Boston, and Portland to the Pacific and 
shorten by a very large percentage the distance 
from every Canadian city west of the junction 
to the whole of New England and the east, and 
even cut off some 30 or 35 miles of the length of 
the Grand Trunk itself between the point of inter- 
section at Coteau, and its terminus at Portland. 
The St. Lawrence is at this place divided by three 
islands into four channels, and the intervenio 
bridges are in comparatively shallow water, an 
by no means expensive. At the south side of the 
bridge is the rising town of Valleyfield, at the 
entrance of the Beauharnois Canal, where a number 
of cotton and other factories have been erected, 
driven by the St. Lawrence River, one channel of 
which has been dammed to maintain the proper 
level in the canal, and has thus created an enormous 
and never failing water power. From this point to 
Centreville on the Vermont Central is 32 miles, 
and the advantage of this route once pointed out 
and established and so much work done on the 
upper and longer section of the railway, it is only 
a matter of time when this important and energetic 
company will push to completion this desirable 
Canadian extension. 

The great obstacle to the success of the Grand 
Trunk, or any other railway in the older section of 
this country, is the frightful duplication of lines, 
which threatens the complete ruin of all these 
undertakings, unless some check can be imposed 
upon their increase, and the error that this com- 
pany seems especially to have fallen into has been 
the wholesale attempt to crush every other road in 
the country, whether neces: or not to the de- 
velopment of its resources, No railway ever had 
the hold over a territory that the Grand Trunk pos- 
sessed over Canada, and the main causes of its present 
depressed condition are the abuse of an absolute 
power that was not judiciously exercised, and a mis- 
takeninterference with the traffic of the United 
States railways. The extension of this road west of 
Toronto was a wanton and unnecessary invasion of 
the territory of the Great Western Railway, the 
long useless branches east of Richmond and Quebec 
were penalties exacted by the eastern section of 
Canada to balance this western line, thus saddling 
the cost of the aggression with an equal length of 
unremunerative road totheeast. These eastern and 
western sections, and the leased American ex- 
tensions of them, leading to an utter disregard of 
Canadian interests for the sake of diverting traffic 
from American railways, far bettersituated for its con- 
veyance, have not only alienated the national sym- 
pathy from the road, but have led to the creation of 
rival interests that it will not now be possible to disre- 
gard. If the Grand Trunk had been less aggressive 
in the first instance, and more conciliatory in its 
after career, it might have occupied the proud 
position of being the backbone of Canada, to which 
all other lines must have been of necessity merely 
subsidiary and subordinate. Instead of this by a 
mistaken policy it has lost the goodwill of the 
country, and is so surrounded by competing lines 
and inimical interests, that it probably will never 
again occupy the position that was once its own by 
indisputable right. 

Cornwall, 67 miles from Montreal, is at the head 
of the navigation of the Lake St. Francis, as 
Valleyfield is at the foot, and it is at the lower 
outlet of the Cornwall Canal, to which in fact it 
owes its prosperity rather than to therailway. This 
was the first of the great works of the internal 
navigation of Canada that was successfully com- 





pleted, and has hitherto been the largest of the 


series as to its lock accommodation. The river here 
falls 48 ft. in 11 miles, and this was the longest and 
worst of the rapids that had to be encountered 
between Montreal and Lake Ontario. The project 
of a canal was agitated as early as 1816, but it was 
not till 1833 that any practical steps were taken to 
carry it into effect, one of the conditions of the Act 
being that this canalshould be completed before any 
other works necessary for the St. Lawrence navigation 
should be undertaken. Thescaleadopted was a breadth 
of 100 ft. at the bottom of the canal, 150 ft. at the 
water level, and a depth of 10ft., the locks being 
200 ft. long, and 55ft. wide, with 9 ft. of water upon 
the sills, sufficiently large to take in any paddle- 
wheel steamer at that time upon Lake Ontario. On 
these liberal dimensions the canal was completed, 
and in the month of December, 1842, just before 
the close of navigation, the steamer Highlander 
passed through from Lake St. Francis to the river 
above. The canal is 114 miles long, with seven 
locks, overcoming a total rise of 48 ft., and the total 
cost of the works, which are very substantial and 
well finished, was 1,933,152 dols., or nearly 
400,0007. sterling. In going downwards the pas- 
senger.steamers run the rapids, making in some por. 
tions of their trip nearly 30 miles per hour, using 
the canals only in their upward passage, whilst the 
freight steamers use the canals necessarily both up 
and down. Since the confederation of the pro- 
vinces a new scale has been adopted for all the 
canals, and the new works now being constructed, 
both here and elsewhere, parallel to the existin 
line, will establish a navigation from the head o 
Lake Superior to the ocean with locks 270 ft. long 
and 45 ft. wide, with 14 ft. of water upon the sills, 
capable of ing a steamer of 1200 or 1400 tons 
capacity. In estimating the difficulties that this 
and other Canadian railways have to contend with, 
the existence within two or three years more of 
such a magnificent waterway as this, closely a 
to them, must not be overlooked. From Fond-du-Lac, 
atthe western extremity of Lake Superior, to the 
mouth of the St, Lawrenceat Belle Isle, is 2385 miles, 
or 150 miles more than from Belle Isle to Live . 
Of this distance 85 per ‘cent. is broad lake, inland 
sea, or ocean f, nearly 12 per cent, is calm, deep 
river, seldom less than two miles wide, never less 
than one, and the remaining 3 per cent, is ship canal 
of the large proportions indicated above. most 
instances, as at Cornwall, the new locks are so 
placed, parallel to the old ones, that 4 double line of 
vessels up and down can be simultaneously locked. 
Nor is this economical system of navigation adapted 
to the slow requirements of freight traffic alone, the 
pleasure and tourist traveller will always prefer the 
water, especially going down the river, and 85 per 
cent, of the rom is done when the river is open. 
The ease and comfort of a well-appointed steamer, 
especially in. the hot weather, always attract 
from the railway those who can afford to travel a 
little more .leisurely. The far better sleeping ac- 
commodation, the more comfortable meals, served 
as they are in these boats in the upper saloon, where 
the whole glorious panorama moves before you as 
ou sit at table, the delightful promenades afforded 
e these upper deck river steamers, the passin 
through such an earthly ise as the Thousani 
Islands, or on the deep waters of the lakes, or 
in the grand excitement of running the rapids, are all 
pleasures to yor 0 ~ —— offseton the hot, 
noisy, dusty, fatiguing railway, where comfort seems 
to be entirely Gresiooked, pre everything neglected 
but the hurry and confusion of a few hours of 
doubtful saving in the time of arrival at one’s desti- 
nation. At Prescott Junction, 112 miles from Mont- 
real, the St. Lawrence and Ottawa Railway crosses 
the Grand Trunk, being one means of access to the 
capital as the Brockville and Ottawa, which crosses 
13 miles further west, is another. From Brockville 
towards Kingston the Grand Trunk skirts, but 
without seeing its beauties, the celebrated Lake of 
the Thousand Islands, an expansion of the St, 
Lawrence, 35 miles long and 6 wide, the surface 
being studded with something over 1800 islands of 
all sizes, shapes, and forms of beauty. The river is 
here crossed by a broad belt of tive rock, a 
continuation of the barren highlands of New York 
and the Adirondack Mountains of Lake Champlain, 
which sweep forward ugh the interior of Canada 
to the southern shore of Lake Superior, and extend- 
ing in two lines from there, reach the Rocky Moun- 
tains of the west, following nearly the International 
boundary, whilst the northern arm forms the height 
of land between Lake Winnepeg and Hudson’s Bay. 
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GOODS LOCOMOTIVE FOR THE PARIS AND ORLEANS RAILWAY. 
CONSTRUCTED BY MESSRS. CLAPAREDE AND COMPANY, ENGINEERS, ST. DENIS. 
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In making its way through this rocky formation, the j———— 
St. Lawrence bas created a miracle of loveliness. 
At almost every revolution of the paddles, the scenery Fia.2 
changes like a huge kaleidoscope, a new set of wr: 
wooded islets come into view, and fresh vistas of 
marvellous beauty open to the enchanted gaze. It = 0! 
was here that Tom ean saw his most wonderful SS totes 
scenery in America, and inspired by the view, ad- 
dressed to Lady Charlotte Rawdon his noblest 
rhapsody descriptive of his journey down the great 
St. Lawrence, the Cataraqui of his Indian guides. — 

To trace the grand Ca ui, and glide 

Down the wife rapide of his lord], fide ; 

Through mossy woods, mid islets flowering fair, 

And blooming glades, where the first sinful pair 

For consolation might have weeping trod, 

When banished from the garden of their God. 

Oh! lady! these are miracles which man, 

Caged in the bounds of Europe’s pigmy span, 

Can scarcely dream of ; which his eye must see, 

To know how wonderfal this world can be. 























LOCOMOTIVES AT THE PARIS 
EXHIBITION.—No. XIX. 
FRANCE— oe meee 
Tue Paris and Orleans Railway Company, besides 
being the exhibitors of the express locomotive 
described in our last article, had their practice re- 
presented by two other engines shown by their 
respective makers, the one of these locomotives 
being a six-coupled tank engine by Messrs. Cail and 
Co., and the other an eight-coupled goods locomo- 
tive by Messrs. Claparéde and Co. Of Messrs. 
Cail’s tank engine (No. 1032) we need only sa 
here that it was of the outside cylinder type, with 
outside valve gear, inside frames, and all the axles 
under the barrel of the baler. The water was 
carried in wing tanks, and the principal dimensions 
of the engine were as follows: 







































































ft. in. 
Diameter of cylinders... eee 1 3.75 
Length of stroke... - — 1 6.1 
Distance between centres of cylinders 6 9.65 
iameter of wheels (all coupled) . 3 5.34 
Wheel base oe ove ree 8 64 | 
Mean diameter of barrel of boiler 3 83 ! } 
Number oftubes  .. .. 167 — 
Diameter of tubes outside eco od 0 1.68 } ; 
Length of tubes between tube-pintes 11 97° ss J : 
ngt plates... 1 ‘ /i : 
» firegrate eee exe eee 8 2.6 | De ee Rage Se: pins Pe. -@ pol. =) 
Width pA PL GLa ek mh f 
Height of crown of firebox above grate \} t : 
(front) ... ole =e ote sie, «x, 28 . ! 
Height of crown of firebox above grate : 
(back) ... on an a vi 3 3.4 | —“ 
Diameter of chimney inside at top : _ ; : 
” ” ” ™ . 
—e. ! | 
Heating surface: Firebor_... ‘ I 
Tubes (external) 863.7 
Total 916.7 
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FIREBOX (TEN-BRINK SYSTEM) OF GOODS LOCOMOTIVE; PARIS AND ORLEANS RAILWAY. 


CONSTRUCTED BY MESSRS. CLAPAREDE AND COMPANY, ENGINEERS, ST. DENIS. 



































: sq. ft. 
Firegrate area ooo a son 10 
Flue area through tubes (diregarding 
_ ferrules) ove ove ove one 2.0 
Least sectional area of chimne a 1.23 
Ratio of firegrate area to total heat- 
ing surface ... am Ry fe 1:91.7 
Ratio of firebox surface to tube sur- 
face ... ons ind oie ns 1:16.3 
Ratio of sectional area through tubes 
to firegrate area... bes =e 1:5 
Ratio of sectional area of chimney 
to firegrate area as doe 1:8.13 
Pressure of steam --- 1201b. per sq. in. 
Contents of tanks ... 440 gallons 
*3 coal bunkers 15 ewt. 
Weight of engine, empty oan 26.8 tons 
6 in working order : 
On leading wheels 11.34 ,, 
» driving ,, 10.115 ,, 
»» trailing ,, 10.735 ,, 
Total 32.19 ,, 


The eight-coupled engine constructed by Messrs. 
Claparéde and Co. was of a class which has been 
extensively used by the Paris and Orleans Company 
for working heavy goods traffic, and its general 
appearance is shown by the side elevation, which 
we publish on page 454. From this view, and the 
transverse section annexed, it will be seen that the 
engine has outside cylinders and outside valve gear, 
the latter being of the Gooch or stationary link type. 
In a powerful engine of this kind the sizes of crank- 
pin bearings required causes an excessive amount of 
overhang of the eccentrics and valve motion, as will 
be at once seen from the transverse section Fig. 2. 
The cylinders have the valve-chests on the top, as 
shown by our engravings, and their principal dimen- 
sions are as follows: 


Diameter of cylind * ea7 
of ¢ ers .. . 
pngth of stroke. sai we si 2 16 
ce apart from centre to centre 7 0.4 
Length of a wy as kt 
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Width of steam port me eee 
Area of each steam port 23.3 sq. in. 
99 exhaust port 41.85 ,, 
Ratio of area of steam ports to 
area of piston ... cod ‘ae 
Ratio of area of exhaust port to 
area of piston ... - ese 
Outside lap of valves 
Inside 9 0.02 
Throw of eccentrics 2.36 


The axles are, as will be seen from the side 
elevation, all under the barrel of the boiler, the 
total wheel base being 13 ft. 4.6in. The wheels 
are 4 ft. 1.6in. in diameter and the tractive force 
for each pound of effective pressure per square inch 


20.47? 25.6 _ 911.7 Ib, a 


0.98 


ooo 


on the pistons is thus 


very high power. The boiler pressure is eight 
atmospheres effective, or 118 lb. per square inch, 
so that with an effective mean pressure on the cy- 
linders equal to two-thirds the boiler pressure, the 


tractive force exerted would be awe xs = 
16,660 lb. On the other hand, the weight of the 
engine is 43.15 tons empty or 48.8 tons in working 
order so that there is ample adhesion to utilise this 
great tractive force. The weight of the engine in 
working order is distributed as follows: 


tons. 

On leading wheels ... eee 11.95 
»» second 99 one 12.40 
», Griving ,, 13.025 
o> trailing ,, a 11.425 
Total 43.15 


The centre of gravity of the weights resting on 
the springs is 2 ft. 8.48 in. in front of the centre of 
the driving axle. The work which the engine is 
estimated by its makers as able to perform is stated 
in the annexed Table ; 





TaBLE showing Loads taken by Eight-Coupled Goods 
Engines, constructed by Messrs. Claparéde and Co., for 

















the Paris and Orleans Railway. 
Weights of Trains Hauled. 
Mixed Passenger 
Trains at | Trains at Trains at 
Speeds of | Speeds of Speeds of 
Gradients. 
$3) si |98| 93/38) 3 
cm 3 : ‘ ° 
a5| fe | Se | Gm | Sa ek 
Ye os ke 
af) eh | eh|/ SE) Sh) 28 
tns.| tons. | tons. | tons. | tons. | tons 
1000 =! in 400 ../925 | 820 | 755 
5 
rr », 200 ...|730 | 660 | 600 
foo? sy 100 ...|460 | 420 | 870 
1 
iow" »» 66.6 |305 | 295 | 270 
000" »» 50 ...1215 | 205 | 185 
iovo=! »» 33.3 |140 | 140 | 1380 | 120 | 110 | 100 




















The principal dimensions of the axles and weights 
of the wheels are as follows: 





ft. in. 

Diameter of journals ; leading, second, 
and traili ; axles... ae me 0 7.28 
Diameter of journals ; driving axle 0 7.87 
Length of journals; allaxles .. =... 0 9.84 

Distance apart of journals from centre 
to centre... Pe we sal ai 3 7.7 

Diameter of leading, second, and trailing 
axles at centre ... e ooo oe 0 6.89 
Diameter of driving axle at centre .. 0 7.48 
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Weight of leading wheels with axle and ewt. 
new tyres ees eco ase ‘i 35.6 

Weight of second wheels with axle and 

Weight of driving wheels with axle and ae 


new tyres ooo me ote ak 
Weight of trailing wheels with axle and 
new t ees we ove om 35.6 

The boiler, like that of the express locomotive 
described in our last article, has the firebox con- 
structed on the Ten-Brink system, with a water 
partition in place of the firebrick arch used in this 
country. A part of the grate is steeply inclined, 
while in front of this inclined portion is a short 
length which can be readily dropped (for cleaning 
the fire) by means of a lever arrangement worked 
from the foot-plate. The firedoor is wider than 
usual—although not so wide as in the express engine 
previously described—and above it are two supple- 
mentary doors for the admission of air. The whole 
arrangement is so clearly shown by the views Figs. 4 
and 5, which we give on page 455, that further 
description will be unnecessary. The principal 
dimensions of the boiler are as follows: 


ft. in. 
Mean diameter of barrel... 4 11 
h of barrel ... ove ean « 16 6.4 
Thickness of barrel plates ee os 0 0.59 
Distance between water line (water 4 in. 
above top of firebox) and inside of 
—— ote hes be es een H A 
0 ose eee ese : 
ioe ’ ee ose ese 3 28 
Inclination of firegrate ... 27 deg. 
Height of centres of bottom row o! 
tubes above grate on eee ude 2 5.1 
Height of crown of firebox above grate ; 
front end aa wr ae ap 5 6 
Height of crown of firebox above grate ; 
back ta I ioe aad iia 3 6.7 
Number of tubes ... 242 
Length ~ lide eco « 26111 
Diameter ,, outside ... 0 1.97 
- >» inside wim 0 1.75 
Inside diameter of chimney - on 1 7.7 
Height of chimney above top row of 
tubes dod nes wis ae oad 6 8.5 
Length of smokebox 3 34 
Diameter - eco 5 8.5 
sq. ft. 
Heating surface: Firebox i 124. 
Tubes (outside) 2088 
Total ... 2212 
Firegrate area... eee das 18 
Flue area through tubes... ove 4.03 
o - at ferrules 3.27 
Area of air spaces through grate 9.0 
»» Opening of ashpan aa eee 2.46 
Sectional area of chimney ae pas 2.12 
Ratio of firebox heating surface to tube 
heating surface... ni hn we 1: 16.8 
Ratio of firegrate to total heating sur- 
face eee eco ope eee wie 1:116 
Ratio of flue area through tubes to fire- 
grate area vee woe eve ae 1: 4.5 
Ratio of flue area through tubes at fer- 
rules to firegrate area ... oes ose 1:5.5 
Ratio of sectional area of chimney to 
firegrate area ... ove ove os 1:8.5 
cubic feet. 
Water capacity of boiler with water 
4 in. above crown of firebox ... i 191 
Capacity of steam space: In boiler 81.9 
»» dome 15.9 
Total ... 97.8 
sq. in 
Maximum area of blast nozzle ... 35.14 
Minimum - 90 ite 13.1 
Sectional area of exhaust pipe ... 35.14 
”» ” steam pi eee eee 20.6 
Ratio of sectional area oF cabies pipe 
to area of piston eve a ons 1 : 9.36 
Ratio of sectional area of steam pipe to 
area of piston ... td eck we 1:17.4 


As will be seen from the dimensions above given, 
the boiler is of very large size, and is characterised 
by an exceedingly large proportion of tube surface, 
while the firegrate would in this country be con- 
sidered somewhat small for so powerful an engine 
unless burning very good coal. Judging, how- 
ever, from the fact that the type of engine is 
one which the Paris and Orlears Company have 
regularly adopted, and of which a number of en- 
gines have been built since 1876, the performance 
of the boiler may be presumed to be satisfactory. 

Of the remaining details of the engine but little 


need be said. The springs for the leading, second, | P****8 


and driving axles are placed directly over the axle- 
boxes, as shown in Fig. 2 on page 454, while in the 
case of the trailing axle they are situated higher up 
and outside the line of the frames, as shown in the 
side elevation, these trailing springs resting on the 
ends of a beam, which extends across the engine 





at this point. Compensating beams are introduced 
between the springs of the leading and second pairs 
of wheels, and between those of the driving and 
trailing wheels, while in the latter case there is also 
a kind of weigh-bar extending across the engine, and 
having arms coupled to the trailing spring links, so 
as to insure the compensating beams on the two 
sides of the engine moving together. 

The reversing gear is of the screw type, and the 
engine is fitted with the Le Chatelier counterpres- 
sure brake. The locomotive exhibited at Paris was 
unaccompanied by its tender, but the type of tender 
used with this class of engine has four wheels and 
carries 1540 gallons of water, while its capacity for 
coal is 1784 cubic feet. The weight of the tender is 
10.45 tons empty and 21.4 tons when in full work- 
ing order and carrying 4 tons of coal. 





LONDON AND ST. KATHARINE DOCKS. 
Victorta Dock EXTENSION. 

On Wednesday of last week a party of gentlemen 
numbering about 150 visited the above work by invita- 
tion from Messrs. Lucas and Aird, the contractors. 
Among the visitors were the chairman and directors 
of the London and St. Katharine'Docks Company ; Mr. 
C. Parkes, Chairman of the Great Eastern Railway ; 
Mr. A. Giles, M.P.; Mr. V. Richards, Q.C.; Viscount 
Gort; Colonel de Butts, R.E.; General Hyde, 
R.E.; Colonel Martindale, C.B.; Sir Alfred Hors- 
ford; Mr. Juland Danvers; Mr. W. F. Thornton, ; 
Mr. F. Bateman, President Inst. C.E.; Mr. F. Barlow ; 
Admiral Stopford; General Sir D. Lysons; Sir John 
Rose; Sir William Mends; Sir Henry Hunt; Sir E. 
Watkin, M.P.; Honourable Gerald Talbot; General 
Strachey; and Mr. A. M. Rendel, engineer of the 
Dock Company, from whose designs the extension is 
being carried out. The party were conveyed down by 
special steamer from Westminster and landed at the 
spacious new entrance at Galleon’s Reach, bslow Wool- 
wich, where they were received by Mr. Andros, the 
resident engineer, and by Mr. Colson, the contractors’ 
agent, by whom they were conducted over the works 
partly on foot and partly over the contractors’ rail- 
ways, which ramify in every direction for some 15 
miles over the works. The inspection lasted several 
hours, every portion of this enormous undertaking 
being visited, from the lock at one end to the railway 
tunnel under the dock at the other, and the party 
afterwards repaired to Greenwich, where they were 
hospitably entertained at the Trafalgar by Messrs, 
Lucas and Aird before returning to London. 

The Victoria Dock Extension, to which we have several 
times referred, is, despite the delay caused by the late 
severe winter, rapidly approaching completion, and it is 
fully expected will be opened for traffic before the 
end of the year, no effort being spared to accomplish 
this. The concrete walls, nearly four miles in length, 
surrounding the docks, are nearly finished, and but 
little excavation remains to be taken out. The mag- 
nificent lock, 550 ft. long between the gates, 80 ft. wide, 
and 750 ft. long over all, with a depth of 30 ft. on the 
outer sill, is nearly finished, nothing remaining to be done 
but the chambers for the hydraulic machinery. The 
three pairs of wrought-iron gates are being erected and 
rivetted up by the contractors, Messrs. Brassey and Co., 
of Birkenhead, and present a massive and imposing ap- 
pearance. The Manor Way passage is complete with the 
exception of the gates, the erection of which will shortly 
be commenced. The swing bridge, 80 ft. span, which 
will carry the Woolwich Manor Way across the Extension, 
has been constructed by Messrs. Westwood, Baillie, and 
Co., of Poplar, and is now finished, and all but ready to be 
swung across the passage. The engine-house, &c., for the 
hydraulic machinery—a very large and important con- 
tract in itselfi—with which the dock will be liberally fur- 
nished from end to end, is ina very forward state, the 
accumulator house and chimney stack already beginning 
to form features in the landscape. The tunnel carrying the 
Great Eastern Railway under the dock some 43 ft. below 
Trinity high water, is quite finished and it is expected 
that the railway traffic will be diverted through it in 
the course of a few days. The construction of this 
tunnel has been a work of no small magnitude. The tunnel 
itself is 600 yards in length, the portion where it passes 
directly under the railway passage connecting the new and 
old docks being in double archways similar in section to the 
Thames Tunnel. The open cuttings leading to the tun- 
nel at either end are constructed with concrete walls kept 
asunder by flying arches of concrete. The works at the 
railway passage above referred to arein a very advanced 
state and ready for the erection of a massive skew swing 


bridge, 180 ft. long by 48 ft, wide, carrying a double line | Pro 


of railway, and a carriage way in addition, across the 
e, 80 ft. wide, and at a height of 12 ft. above 
Trinity high water. 

The huge dry docks are being actively pushed for- 
ward, one being nearly finished, These docks, which 
are constructed wholly of concrete, are 410ft. and 500 ft. 
long respectively, with 22 ft. of water on the sills at 
Trinity high water. The pumps for emptying these 
docks are being made by Messrs. Watts. The caissons 





for the entrances are being built at Messrs. Westwoods 
Brothers, who have also undertaken to supply some 
2600 tons of wrought ironwork and 600 tons of cast iron 
for some 5000 ft. run of sheds to be constructed on the 
north quay of the Extension. A commencement has 
been made with these sheds, which are to stand on piled 
foundations which Messrs. Lucas and Aird are busily en- 
gaged upon, Large quantities of permanent way for laying 
some miles of railway round the docks are daily arriving 
on the ground, and everything is being done to further 
the work as rapidly as possible. As it advances so the 
public interest in it appears to increase, judging from 
the numerous visitors who flock down to Silvertown to 
inspect progress. Rarely, indeed, has the opportunity of 
witnessing the execution of such a colossal work in such 
a marvellously short period presented itself to the public, 
to whom, however, it may be of interest to learn 
what has been done on a work a mile and three- 
quarters in length in three years and a half. The exca- 
vations, extending over 100 acres, will amount to 
3,500,000 cubic yards, the concrete walls and dry docks 
to 450,000 cubic yards, the brickwork to 55,000 cubic 
yards, the stonework to 46,000 cubic feet, the timber to 
200,000 cubic feet, while the wrought iron used in the 
gates, caissons, sheds, bridges, and works generally, ex- 
clusive of all hydraulic machinery, amounts to over 4500 
tons. With these facts before him, the visitor will not 
be surprised to hear that 20 millions of bricks and 70,000 
tons of Portland cement have been brought on the 
ground, that 1700 men, 80 horses, 70 locomotive and 
other engines, with an aggregate of 500 horse power, 600 
earth wagons, and three steam navvies are daily em- 
ployed, besides almost every conceivable description of 
plant, tackle, tools, and machinery for completing the 
work as quickly and effectively as lies in the compass of 
human agency. 





NOTES FROM THE SOUTH-WEST. 

The Sirhowy Works.—Two furnaces are now turning 
out copious supplies of metal, and ina month hence there 
will be two more in blast. The lighting up seems to have 
put new life into the residents, not only in the vicinity of 
the works, but throughout Tredegar and Ebbw Vale. 
Most of the old hands have been reinstated. 


Wages in South Wales.—The Associated Coalowners of 
Monmouthshire and South Wales met at Cardiff on 
Thursday, and decided to insist on an all-round reduction 
of 10 per cent. in wages from the 1st of July next. 


Avonmouth.—The Bristol people are paras to fee 
that Avonmouth is taking a g t of the trade which 
ought to ascend the river, and on Monday the Docks Com- 
mittee of the Bristol Town Council, by eleven votes to six, 
a resolution ‘‘ that it is desirable, in the interests of 
the ratepayers of Bristol, that the city should purchase the 
Avonmouth Dock, provided it can do so on equitable 
terms.”” Growing out of this is a much’ ~~ scheme, 
reports of which will be in the hands of the Bristol Cor- 
poration in the course of a day or two,—a scheme for im- 
on the river Avon so as to float the largést ships from 
groad almost to the centre of the city. If this scheme 
were carried out it would probably include, not only the 
absorption My Bristol of the Avonmouth Docks, but of 
those on the Portishead side of the river as well. Mean- 
while, a new source of trade has been opened this week 
between Sharpness and New York. The vessels belonging 
to Mr. W. Y. Edwards, Cardiff and New York Steamship 
Line, are now running direct to Sharpness, the first of them 
reaching the latter place on Monday. 


Dowlais.—The men employed at the Dowlais Colliery 
struck work on Tuesday, in opposition to a proposed re- 
duction in wages, and a notice was subsequently posted 
in the iron works to the effect that it is necessary to 
stop a large portion of the works, and that, as the stoppage 
will probably be permanent in the present dearth of orders, 
all existing contracts will determine in a month. In the 
evening, however, the men on strike held a mass meeting 
and resolved to accept the reduction and return to work. 


Speed on the Great Western.—The Great Western 
Railway directors have decided to run a new fast train in 
each direction between London and Plymonth, on and after 
the 2nd of next month. The down train will leave Pad- 
dington at 3.0 p.m., and run to Swindon without stopping. 
It will reach th at 5.15 and arrive at Bristol, 5.36; 
Taunton, 6.32 ; Exeter, at 7.14; and Plymouth at 9.0, thus 

ing the entire journey—246 miles—in six hours, and 
showing an average rate of travel (stoppages considered) 
of something like 43 miles per hour. 

Swansea.—In‘tin-plates a fair business is doing at rather 
easier rates. The works are all going at more than full 
time at the reduced make, and there is a disposition in 
some quarters to utilise the reduced time of four days a 
week to the utmost possible limit. In steel, quotations 
show little change, and the demand keeps limited with an 
improving tendency. 

Cardif.—The merchants and brokers at this port have, 
during the past week, been fairly busy. There is an im- 
ving demand for coal, No. 3 Rhondda being especially 
sought after, but prices remain low. Tonnage is greatly 
in request, and for steamers to the Mediterranean and 
Black Sea ports there is much inquiry. The total out 
of coal cleared last week was 105,226 tons against 93,81 
tons in the previous week. : 

Gloucester Tramways.—Colonel Hutchinson, inspector 
ofthe Board of Trade, examined the new tramways on 
Saturday and approved them, but suggested some minor 
alterations. In the afternoon the carriages commenced to 


run for public traffic. The fare is 2d. any distance. 
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AN INDUCTION CURRENT BALANCE. 
On an Induction Currents Balance, and Experimental 
Researches made therewith.* 

By Prorrssor D. E. Huaues. 

IMMEDIATELY upon the announcement of ‘o's dis- 
covery of the influence of rotating plates of metal upon a 
magnetic needle (1824), and Faraday’s important discovery 
of voltaic and magneto-induction (1831), it became evident 
that the induced currents, circulating in a metallic mass, 
might be so acted upon either by voltaic or induced currents 
as to bring some new light to bear on the molecular con- 
struction of metallic bodies. i 5 

The question was particularly studied by Babbage, Sir 
John Herschel, and by M. Dové,t who constructed an in- 
duction balance, wherein two separate induction coils, each 
having its primary and secondary coils, were joined together 
in such a manner that the induced current in one coil was 
made to neutralise the induced current in the — coil, 
thus forming an induction balance, to which he gave the 
name of differential inductor. In those days physicists did 
not possess the exquisitely sensitive galvanometers and other 
means of research that we possess to-day, but sufficiently 
important results were obtained to prove that a vast field 
of research would be opened if a perfect induction balance 
could be found, together with a means of correctly esti- 
mating the results obtained. In experimenting with the 
microphone I had ample occasion to appreciate the exquisite 
sensitiveness of the telephone to minute induced currents. 
This led me tostudy the question of induction by aid of the 
telephone and microphone. The results of those researches 
have been already published.f : ‘ 

Continuing this line of inquiry, I thought I might again 
attempt to investigate the molecular construction of metals 
and alloys, and with this object I have obtained, after 
numerous comparative failures, a perfect induction balance 
whichis not only exquisitely sensitive and exact, but allows 
us to obtain direct comparative measures of the force or 
disturbances produced by the introduction of any metal or 
conductor. ‘The instrument (see engraving on the next 
page) which I have the honour to present to the Royal 
Society this evening, consists : 1st, of the new induction 
currents balance, 6, 7 ; 2nd, microphone 2 with a clock as 
a source of sound ; Srd, electric sonometer 4, or absolute 
sound measurer, a late invention of my own ;§ 4th, a re- 
ceiving telephone8, and three elements of Daniells’ battery1. 

In order to have a perfect induction currents balance 
suitable for physical research, all its coils as well as the 
size and amount of wire should be equal. The pri 
and secondary coils should be separate and not superposed. 
The exterior diameter of the coils presented this evening is 
5} centimetres, having an interior vacant circular space of 
3% centimetres ; the depth of this flat coil or spool is 7 milli- 
metres. 

Upon this box-wood spoel are wound 100 metres of 
No. 32 silk-covered copper wire. I used four of such coils, 
formed into two pairs, the secondary coil e being fixed per- 
manently, or by means of an adjustable slide, at a distance 
of 5 millimetres from its primary f; on the second similar 
pair gh there is a fine micrometer screw, allowing me to 
adjust the balance to the degree of perfection required. 

These two pair of coils should be placed at a distance not 
less than 1 metre from each other, so: that no disturbing 
cause should exist from their proximity. — 

The two primary coils are joined in series to the battery, 
the circuit also passing through the mierophone. 

In place of the telephone I have sometimes used a mag- 
netic pendulum, the swing or the arc described indicating 
and measuring the forces.|| Iam at present — upon 
a very sensitive voltameter which shall indicate and 
measure the force of —_ induced currents. The tele- 
phone, however, is well adapted as an indicator, but not as 
a measurer of the forces brought into action. For this 
reason I have joined to this instrument an instrument to 
which I have given the name of electric sonometer 4. This 
consists of three coils ¢ db similar to those already described, 
two of which cb are placed horizontally at a fixed distance 
of 40 centimetres apart, and the communication with the 
battery is so arranged that there are similar but opposing 

oles in each coil ; between these there is a coil d which can 
be moved on a marked sliding scale divided into millimetres ; 
in a line with these two opposing primary coils, the centre 
coil is the secondary one, and connected by means of a circuit 
changing key 5 with the telephene in place of the induction 
balance. If this secondary coil is near either primary coil, 
we hear loud tones, due to its proximity. The same effect 
takes place if the secondary coil is near the opposing coil, 
except that the induced current is now in a contrary direc- 
tion, as a similar pole of the primary acts now on the 
opposite side of the induction coil ; the consequence is, that 
as we withdraw it from one coil approaching the other, we 
must pass a line of absolute zero, where no current what- 
ever can be induced, owing to the absolute equal forces 
acting equally on both sides of the induction coil. This 
point is in the exact centre between the two coils, no 
matter how near or distant they may be. We thus possess 
a sonometer haying an absolute zero of sound; each 
degree that it is moved is accompanied by its relative degree 
of increase; and this measure may be expressed in the 
degrees of the millimetres passed through, or by the square 
of the distances in accordance with the curve of electro- 
magnetic action. 

lf we place in the coils of the induction balance a piece 
of metal, say copper, bismuth, or iron, we at once produce 
a disturbance of the balance, and it will give out sounds 
more or less intense on the telephone according to the mass, 
or if of similar sizes, according to the molecular structure 
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of the metal. The volume and intensity of sound is invari- 


ably the same for a similar metal. by means of the 
switching key the telephone is instantly transferred to the 


sonometer, and if its coil be at zero, we should hear sounds 
when the key is up or in connexion with the induction ba- 
lance, and no sounds or silence when the key is down or in 
connexion with the sonometer. If the sonometer coil was 
moved through several degrees, or through more than the 
required amount, we should find that the sounds increase 
when the key is depressed ; but when the coil is moved to 
a degree where there is absolute equality, if key is yes 
down, then the degree on scale should give true value of the 
disturbance produced in the induction balance ; and this is 
so exact that if we put, say a silver coin whose value is 
115 deg., no other degree will produce equality. Once 
knowing, therefore, the value of any metal or alloy, it is 
not necessary to know in advance what the metal is, for if its 
equality is 115 deg., itis silver coin; if 52, iron; if 40, lead ; 
if 10, bismuth; and as there is a very wide limit between 
each metal, the reading of the value of each is very rapid, 
a few seconds sufficing to give the exact sound value of any 
metal or alloy. 

During the course of these experiments with this instru- 
ment I noticed that my own hearing powers varied very 
much with state of health, weather, &c., that different 
individuals had wide differences of hearing, and that nearly 
in all cases one ear was more sensitive than the other ; thus 
whilst my degree of hearing was 10 deg., another might be 
60 deg. in one ear and 15 deg. in the other.* 

Dr. Richardson, F.R.S., who upon my invitation investi- 
gated this subject, became so impressed with the value of 
the instrument as an absolute measure of our hearing 
powers and its capabilities of throwing much light upon its 
relation with health, that he has undertaken a series of 
researches which will extend over some time, and which I 
think from some facts already gained will be of great value 
to the medical profession. These experiments are now in 
his very able hands, and he will in due time announce the 
results to the Royal Society. 

Ifan observer’s hearing is limited to 10 deg., how can we 
hear results below this line? Ishould have stated that 
when used to measure the hearing power, we determine on 
a constant standard. of force such as one element Daniell, 
but if we increase the number of elements we in the same 
ratio increase the inductive disturbance, and thus bya 
large increase of force bring within our range results 
feeble to be heard without its aid, the sonometer constantly, 
however, giving the same degree for equality as the increased 
force is also used on this instrument. Thus in our measure- 
ments we can entirely neglect the amount of battery, as its 
comparative results remain a constant. 

As a rule three Daniell elements will be found quite 
sufficient, and even this weak force is so exquisitely sensi- 
tive that it will find out the smallest fraction of difference 
in weight or stracture of metals. Thus two silver coins 
such as a shilling, both quite new, and both apparently of 
the same weight, will be found to possess a difference of 
weight which the instrument at once indicates. 

The following experiments will show its exceeding sensi- 
tiveness and its wild field of usefulness as an instrument of 
research. 

1. If we introduce into one pair of the induction coils 
any conducting body, such as silver, copper, iron, &c., 
there are set up in these bodies electric currents which 
react both upon the primary and secondary coils, producing 
extra currents whose force will be proportional to the 
mass, and to its specific conducting powers. A wmili- 
oe agp of copper on a fine iron wire, finer than the human 

air, can be loudly heard and appreciated by direct measure- 
ment, and its exact value ascertained. We can thus 
weigh toan almost infinitesimal degree the mass of the 
metal under examination; for instance, if we take two 
English shilling pieces fresh from the Mint, and if they 
are absolutely identical in form, weight, and waterial, they 
will be completely balanced by placing one each in the two 
separate coils, provided that for these experiments there is 
an adjustable resting place in each pair of coils, so that 
each coin may lie exactly in the centre of the vacant space 
between the primary and secondary coils. If, however, these 
shillings are in the slightest degree worn, or have a dif- 
ferent temperature, we at once perceive this difference, 
and if desired, measure it by the sonometer, or, by lifting 
the supposed heaviest coin at a slight distance from the 
fixed centre line, the amount of degrees that the heaviest 
coin is withdrawn will show its relative mass or weight as 
compared with the lightest. I have thus been able to 
appreciate the difference caused by simply rubbing the 
shilling between the fingers, or the difference of tempera- 
ture by simply breathing near the coils, and in order to 
reduce this sensibility within reasonable limits, I have only 
in the following experiments 100 metres of copper 

wire to each coil and three cells of battery. 

2. The comparative disturbing value of discs of different 
metals, all of the same size and form of an English shilling, 
and measured in millimetre degrees, by the sonometer, is 
the following : 


Silver (chemically pure) 125 | Iron (chemically pure 45 
Gold 5 ¥ 117 ms (antimony alloy) 40 
Silver (coin) 115 | Le ove 9, . 38 
Aluminium 112 | Antimony 35 
Copper ... 100 | Mercury Po oo ES 
Zine 80 | Sulphur (ironalloy) ... 20 
Bronze ... 76 | Bismuth See oo 10 
Tia) 3% dis 74 | Zine (antimony alloy) 6 
Iron (ordinary) 52 | Spongy gold (pure) 3 
German silver... 50 | Carbon (gas) ... 2 





These numbers do not agree entirely with any lists of 
electrical conductivity I have yet met with; the numbers 
are, however, invariably given by the sonometer, and the di- 





* To this portion of my instrament when used as a 
measure of our hearing powers, we have given the name of 
audiometer. 





vergence may be due to some peculiarity of structure of the 
metals when formed into discs. Further investigations 
with this instrument will, no doubt, give more correct 
values than I have been able to obtain with my limited 
means of research. 

_3. It will be seen from the above, that the instrument 
gives very different values for different metals or alloys, 
consequently, we cannot obtain a balance by employing two 
discs of different metals, and the instrument is so sensitive 
to any variation in mass or matter, that it instantly detects 
the difference ry clear loud tones on the telephone. If I 
place two gold sovereigns of equal weight and value, 
one in each coil, there is complete silence, indicating 
identity or equality between them ; but if one of them is a 
false sovereign, or even gold of a different alloy, the fact is 
instantly detected by the i ce being disturbed. 
The i ent thus becomes a rapid and perfect coin de- 
tector, and can assay any alloy, giving instantly its elec- 
trical value. The exceeding sensitiveness of this electrical 
test I shall demonstrate hi experiment this evening. Again, 
as regards coins, it resolves an almost magical problem. 
Thus, if a person puts one or several coins into one pair of 
coils, the amount or nominal value being unknown to my- 
self, I have only to introduce into the opposite coils, 
different coins successively, as I should weights in a scale, 
and when perfect balance is announced by the silence, the 
amount in one box will not only be the same nominal value 
but of the same kind of coin. 

4. We find by direct experiment with this instrument, that 
the results are due to electric carrents, induced 
we © primary coil, and that it is by the reaction of these 
that the balance is destroyed, for, if we take an insulated 
spiral disc or helix of copper wire, with its terminal wires 
open, there is no disturbance of the balance whatever, not- 
withstanding that we have introduced a comparatively 
large amount of copper wire: but on closing the circuit, 
the balance is at once very powerfully disturbed. 

If the spiral is a flat one, resembling a disc of metal, and 
circuit closed, we find that loud tones result when the spiral 
is placed flat, or when its wire is parallel to those on coils ; 
bat if it is held at right les to these wires, no sound 
whatever is heard, and the ce remains perfect. The 
same thing occurs with discs of all non- etic metals, 
and a disc of metal placed ndicular to the coils exerts 
no influence whatever. ‘The contrary result takes place 
with a spiral of iron wire or dise of iron, the induced current 
circulating in the spiral is at its maximum when the spiral 
lies flat or parallel with the coils, giving no induced current 
whatever when at right angles, but the disturbances of the 
induction balance is more than fourfold when perpendicular 
to the wires of the coils, than when parallel with the same. 
That this result is simply due to the property of magnetic 
bodies of conduction of magnetism, we s see in some 
“oe experiments. 

That the currents in non-magnetic metals travel in a 
circle corresponding to that of the primary coil, may be 
seen with spongy gold. In its first extremely divided state 
it falls below our zero of hearing, on slightly shaking the 
bottle we have 2 deg. as its value, on pressing it its value 
rapidly increases with the pressure, until when formed into 
a solid disc its value becomes 117 deg. 

5. The instrument proves, that a very remarkable dif- 
ference exists in bars of iron of the same exact form and 
size, but of different provenance or treated in a different 
manner ; in point of fact, no two bars, cut off the same 
ro4, and treated alike, are exactly of the same value, or 
induce a complete balance. 

Mr. Stroh, the eminent instrument maker, has kindly 
furnished me with numerous samples, varying in value in 
degrees of the sonometer from 100 to 160. 

hemically pure iron was found to be the best, but still 
very slightly superior to ordi iron, which had been 
drawn into a wire of the thickness. The fibrous 
condition thus developed being highly favourable (if 
softened by heat) for the conduction of magnetism. From 
numerous examples I select a few indicative valnes : 
Softened. Tempered. 


Chemically pureiron ... 160 1 

Forged soft iron ... 150 125 
Wire-drawn iron ... _ 156 120 
Cast steel ... 120 100 


6. As yet the instrument has given no indications of 
molecular change produced by etism in non-magnetic 
bodies, but the great change which takes place in all mag- 
netic bodies, except hard-tempered cast steel, indicates that 
a molecular change of structure, analogous to that of tem- 
pering, takes place upon iron, steel, and nickel. 

If we place a disc of iron in one of the coils, we find that 
the balance is destroyed, and that the iron has weakened 
the induction by the absorption of work done in inducing 
the cire currents. This éan be perfectly balanced by 
placing a small coin or disc of silver or copper in opposite 
coils ; but if an iron wire or rod is placed perpendicular to 
.the coils, then increase of inductive force takes place in 
those coils by the conduction of induced magnetism from 

rimary to secondary, and the iron can no longer be 

ced by silver, copper, or any non-magnetic metal. 

The coils must be either removed further apart, so as to 

reduce the increased force, or balanced by an equivalent 
amount of iron or magnetic conduction in opposite coils. 

An interesting case of both reduction and inerease of 
force in the same pair of coils occurs if we place a dise of 
iron, not in the centre of coils, but in the vacant pene be- 
tween the coils. We thus reduce the force by 150 deg. 
If, in addition to this, we place iron wires perpendicular 
and in the centre, there is increase of force, and if.this 
increase is so proportional as to be 150 deg., we imme- 
diately restore the balance, and we have here in the same 
coil two separate pieces of iron, each disturbing the balance 
and giving out loud tones, but producing no effect what- 
ever, when both are introduced at the same time, complete 


result 
known, 





the . 
7. These coils 9 what has already been long 
viz., that hard steel has a far less conducting power for 
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pegediion than soft iron, although the hard steel has a | 
far higher retaining power. This instrument demonstrates 
a point, which I have not yet seen remarked, that mag- 
netism does not in itself change the conducting powers, but 
that it prod a molecular change of structure in iron, 
analogous to that of tempering ; for if we balance two soft 
iron rods against each other, the balance being made per- 
fect by the addition of fine iron wires on the weakest side, 
we find that on strongly magnetising this bar, by drawing 
it across a strong compound magnet, and on replacing it in 
its coil, it has lost 30 per cent. of its conducting power ; or 
if, instead of magnetising, we make this iron red hot, and 
plunge it in cold water, the loss of conducting power will 
very similar—25 deg. to 30 deg. If these experiments 
are repeated upon various degrees of iron approaching steel 
in character, we find that as it already possesses hardness 
or temper, it is less and less affected by magnetism, until 
we arrive at hard cast steel, where magnetism no longer 
— any change in its conducting powers. From this 
draw the conclusion that the effect of magnetism is very 
similar to that of temper, and shall show under the effects 
of strain and torsion that magnetism produces this temper 
or strain perpendicular to the lines of magnetic force. 

8. The instrument shows that a remarkable change takes 
place in the magnetic conducting power of iron and steel 
on subjecting the wire under examination to a longitudinal 
etrain ; for if we pass an iron wire through the centre of 
both coils, half a millimetre diameter and 20 centimetres or 
more in length, so arranged by » winding key that we can 
epply a strain to this wire, we find a magnetic conducting 

ue, unstrained, of 100, but.on applying a slight strain 
its value rapidly increases, being more than double at its 
breaking point. If during this strain we strike the wire, 











we hear its musical tone, and no matter how much we may 
wind or unwind it, provided we do not pass its limits of 
elasticity and similar wire is used, that the same musical 
tone will invariably give the same magnetic value. Thus 
the note A, or 435 complete vibrations per second, gave 
always the etic value of 160, or 60 per cent. increase 
of power over the unstrained wire. Jf whilst this wire is 
strained, giving the value 160, we magnetise it by drawing 
over it a strong compound magnet, the note remains the 
same, showing no differerce of tension, but its magnetic 
value has fallen 80 deg. , being now 80 instead of 160 ; and this 
wire can never again be brought by strain up to its previous 
high conducting powers. ‘ow, as we have seen that | 

tism produces no change in hard tempered steel, 


magnetist 
but that it does so in soft iron very analogous to that of 
the Rbves ‘by. bringing them ail parallel to the line of 
y bringing m a to the line o' 
ogee + yet Fy tT prema Pyne | 
power, w! magnetism i estroy ts 
oF the lnagitelinal mochanieal clestn, 
the conclusion that magnetism 


strain, we can only draw 
produces a strain analogous 











to temper, but contrary to that of the longitudinal mecha- 
nical strain; in other words, that the magnetic strain is 
produced perpendicularly to its lines of force. 

This view is sustained by the effects of torsion ; for if, in 

lace of straining the wire, it is twisted, instead of increas- 
ing, it rapidly decreases;in magnetic conductive value, each 
turn or twist Seeosssing its power of conduction in a remark- 
able constant line of decrease. At 80 turns of this wire 
there was a decrease of 65 per cent. ; at 85 turns the wire 
broke, and on testing it to see if magnetism had any de- 
creasing effect on it, I found that it produced no chan; 
whatever ; but this twisted soft iron wire had now remark- 
able permanent retaining powers of magnetism, being 
superior to tempered cast steel. 

in, if we take three similar pieces of soft iron 

wire, leave the first for comparison in its natural con- 
dition, strain the second by a longitudinal strain until it is 
broken, and twist the third by a torsion-key until it also is 
broken ; we find on magnetising equally these three wires, 
and allowing ten minutes’ repose, that the first or untouched 
wire has aretaining power of magnetism of 100, the second 
only of 80, and the third, or twisted wire, of 300. I hope 
by the light thus given soon to be able to produce a magnet 
whose force shall greatly in excess of what we have 
hitherto possessed ; our difficulty at present being that in 
order to temper steel, we must heat it to redness, and this 
allows the molecules to rearrange themselves contrary to 
the object we have in view. 

9. There is a marked difference of the rapidity of action 
between all metals, silver having an intense —— of 
action. The induced currents from hard steel or from 
iron strongly magnetised are much more rapid than those 
from pure soft iron ; the tones are at once recognised, the 
iron giving out a dull, heavy, smothered tone, whilst 
hard steel has tones exceedingly sharp. If we desire 
to balance iron, we can only balance it by a solid mass 
equal to the iron to be No amount of fine 
wires of iron can balance this mass, as the time of discharge 
of these wires is much quicker than that of a larger mass 


of iron. Hard steel, however, can be easily balanced not 
only by steel but by fine iron wires, and the d of the 
fineness of these wires required to produce a ce gives 


| a very fair estimate of the proportionate time of discharge. 
The rapidity of discharge, has no direct relation with its 


electrical conductivity, for copper is much slower than 
zinc, and they are both superior toiron. . 

10. The instrument shows a marked difference in all 
metals, if subjected to different temperatures. The value 
is reduced in non-magnetic metals, and this we should 
expect from the known influence of temperature on the 
electrical conductivity ; but in the case of iron, steel, and 


nickel (as it been remarked by many), the 
contrary takes place, namely, a far higher degree of 
magnetic conductivity. A bar of soft iron, whose value at 





























the temperature of the room, 20 deg. C., was 160, became 
on heating it to 200 deg. C. 300, that is to say, its value 
was nearly doubled. A bar of pure nickel, whose value at 
20 deg. was 150, became on heating it to 200 deg., 320; 
thus, in the case of nickel, its value for magnetic conduc- 
tivity was more than doubled, and at this heat it surpassed 
the chemically pure iron at the same heat, giving a mag- 
netic value of 320 against 300 for the iron, but at the 
normal temperature of 20 deg. the iron had more magnetic 
power of conduction than nickel. Heating nickel by 
simply splunging it into boiling water increased its force 
from 150 to 250, plunging this same bar into ordinary cold 
water reduced its value to 130; thus the mere difference 
of the normal temperature of the air in the room and water 
which had been in this room some hours produced 20 deg. 
of difference. In fuct, I found that the radiant heat from 
the hand would raise the magnetic value several degrees, 
and thus nickel may be regarded as a magnetic thermometer 
far more sensitive than the ordinary mercurial Centigrade. 

The instrument also measures the electrical resistance of 
wires or fluids. In order to make it do this, we have only 
to place the resistance to be measured across the two wires 
of one induction coil and on the other known resistance 
units. In this way we can produce a perfect balance, for 
itthen becomes an induction bridge, the results and modes 
S hae of which are somewhat similar to Wheatstone’s 

ridge. 

It measures also the electrostatic capacity of Leyden jars 
or condensers, and is sufficiently sensitive to appreciate and 
measure a surface of tinfoil not larger than 4 in. square, 
the condenser being simply ng between the wires of one 
pair of coils, and the disturbance produced being measured 
on the sonometer. 

I could cite many more interesting experiments in other 
branches of physical research for which this instrament 
offers a wide field of observation ; but my object this even- 
ing is neither to broach new theories nor to correlate at 

resent the results obtained with views already advanced 
y Ampére and others. 

My only desire has been and is to show the wide field of 
research the instrument opens to physical inquirers. I 
trust that in more able hands it may serve to elucidate 
many physical phenomena. 





VicTorR1an Raitways.—Two additional sections have 
been added to the Victorian railway network. These are the 
lines from the Springs to Wahgunyah, about sixteen miles ; 
and from Murtoa to Horsham, about eighteen miles. The 
former will tap the Murray some distance to the eastward 
of Wodonga, while the Horsham line will be another link 
in the intended through line to South Australia. There 
was no ceremony on the occasion of the Ey he the 

ing lines, but the Governor and several of his Ministers 
visited Horsham on the occasion. 
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Amongst the exhibits contributed to the Paris Exhibi- 
tion last year by the Northern Railway of France, many 
of our readers will have no doubt noticed the apparatus 
of which we this week give a two-page engraving together 
with other views annexed. This apparatus, which was 
constructed at the workshops of the Northern Railway 
Company, under the direction of M. Edward Delebecque, 
engineer-in-chief of matériel et de la traction, is intended 
for use in replacing vehicles which have been derailed 
in accidents, &c., and it forms a decided advance upon the 
appliances with which the so-called “ accident vans” are 
usually fitted for such purposes, The apparatus, we may 
add, has been made the subject of an interesting paper con- 
tributed by M. Ferdinand Mathias, the engineer of the 
locomotive department at Lille, to our excellent contem- 
porary the Révue des Chemins de Fer, and from this memoire 
and from other information to which we are indebted to M. 
Mathias, we draw the substance of the present notice. 

In France, as well as England, the lifting and traversing 





Fra. 40. 


apparatus provided in railway accident vans has, until 
lately, consisted almost entirely of screwjacks, such as 
are shown in Figs. 1 and 2 annexed, and the use of which 
is too well known to require description. The employ- 
ment of ordinary jacks, when the ground is suft or when 
a large distance has to be traversed laterally, is attended 
with many inconveniences end much loss of time, while 
the ordinary method of procedure also involves much 
more manual labour than is required with the apparatus 
we now illustrate. This apparatus, as supplied to an 
accident van, consists of four lifting screws with supports 
of different forms for taking a “lift” on derailed vehicles, 
two girders for lifting and traversing, two geared jacks 
for effecting the lateral traverse, and two slides on which 
an engine or carriage can be moved, as we shall explain 
presently. 

The lifting screws, shown by Figs. 3 to 11 of our two- 
page engraving, consist each of a strong conical column of 
wrought-iron plate bolted toa large base of malleable cast 
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iron, which is in its turn rivetted toa wrought-iron base 
plate. The column and base are in our engravings shown 
provided with handles, but these are not now fitted, it 
being found that the apparatus, notwithstanding that it 
is materially heavier than the usual screwjacks, can 
readily be handled without them. The lifting screw is 
8.15 in. in diameter and 0.79 in. pitch, and it works 
in a foot bearing carried by the base and an upper bear- 
ing carried by the head of the column, The head of the 
column is bored out to the exterior diameter of the screw, 
so that: the latter can be readily withdrawn or put in 
place; a gun-metal bush fitted to the head of the column 
gives the necessary bearing. Above the top bearing there 
is fixed on the screw a wheel of 22 teeth, which is geared 
into by a pinion of six teeth carried by a short vertical 
shaft, this shaft having also fixed on it a bevel wheel of 
16 teeth geared into by a bevel pinion of 7 teeth cast or 
forged on the shaft to which the crank handle is fitted. 
On this last-mentioned shaft there is also fixed a wheel 
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with 18 teeth geared into by a pinion of 6 teeth forged 
in one piece with a second shaft also fitted for receiving 
a crank handle, this handle being placed on one or the 
other of the shafts mentioned according to the amount 
of purchase required. The whole arrangement of the 
gear of which we have been speaking is very clearly 
shown by Figs. 10 and 11. It will also be noticed from 
Fig. 10 that the top of the screw is likewise provided with 
@ square on which a handle can be placed, this being con- 
venient for turning the screw rapidly. 

To the lifting screw is fitted a strong gun-metal nut 
(see Figs. 3, 4, 8, and 9) having lateral projections, which 
are utilised for carrying the load to be lifted, as we shall 
explain presently. To prevent this nut from turning with 
the screw it is fitted with a kind of locking plate, having 
horns which take a bearing against the front of the column. 
This locking plate is connected to the nut by a pin which 
can be placed in one or the other of several holes formed 
in the flange of the nut, and by this means it is possible 
to arrange that the lateral projections on the nut may 
stand at the desired angle with the face of the column. 
Thus in Fig. 8 the locking plate is shown so connected 
that a line drawn through the projections on the nut is 
parallel with the face of the column, while in Fig. 9 the 
locking plate is so arranged that the line just mentioned 
forms an angle of 45 deg. with the column face. 

The lifting screw has a total. height of 3 ft. 9.3 in., 
while the nut has a useful traverse of 2ft. 5.5 in., the 
top surface of the lugs on the nut being 8.3 in. above the 
bottom bearing surface of the column when the nut is in 
its lowest position. 

It is evident from the arrangement of the lifting screw, 
that it cannot, like an ordinary screwjack, be applied 
directly to the object to be raised, and we have now to 
describe the appliances employed to obtain a “lift” on a 
derailed vehicle. These appliances necessarily vary 
with the nature of the case to be dealt with. Two ap- 
pliances of this kind, or ‘‘ nose-pieces” as they are called, 
are shown by Figs. 12 to 18 of our two-page engraving. 
The “nose,” shown by Figs. 12 to 16, is adapted for use 
in connexion with rolling stock the headstocks or buffer 
beams of which have been prepared to receive it, and tho 
mode of its application will be readily understood from 
an inspection of Figs. 32 and 33, without detailed ex- 
planation. The form of “nose” shown by Figs. 17 and 
18, on the other hand, is adapted for use in cases where 
the buffer beams have not been prepared for securing the 
other “ nose.” 

Figs. 19 to 24 of our two-page engraving show the lift- 
ing girders used with the lifting screws, already described, 
Fig. 31, page 459, showing the mode of their application. 
The girders are, as will be seen, of box form, and built up 
of plates and angle irons, the depth being reduced at the 
ends as shown. In the top flange of each girder is 
formed an opening 2 ft. long by 2}in. wide, the loss of 
strength due to the opening being made up by the ad- 
dition of flat bars along its sides. These bars form guides 
on which slides a gun-metal slipper having an arm, 
which passes down through the opening, and engages 
with a traversing screw, as shown in Figs. 21 and 23. 
On the top of the slipper is a cast-iron bearing piece 
grooved on the upper side,as shown. The traversing 
screw carries at one end a bevel wheel, this gearing into 
a similar wheel on a short cross-shaft, on the ends of 
which crank handles can be placed. The arrangement is 
shown clearly by Fig. 22. These girders are adapted 
for a load of 22 tons, and the slipper has a traverse of 
17.3 in. 

Another portion of the apparatus we are describing is 
shown by Figs. 24 to 30 of our two-page engraving, this 
consisting of a slide with movable abutments, on which the 
wheels of an engine or carriage can be slid by the aid of the 
traversing jack, shown by Figs. 26 and 27 and represented 
by dotted lines in Fig. 23. The mode of employing these 
slides is also shown by Fig. 31, page 459. Slides formed of 
a pair of rails fixed at a short distance apart were introduced 
some time ago on the Paris and Orleans Railway by M. 
Forquenot, but those now illustrated as employed on the 
Northern Railway embody an improvement of detail, 
namely, the provision of movable abutments against 
which the traversing jacks can act. The construction of 
these abutments and the mode of fixing them will be 
readily understood from our engravings. 

Altogether the arrangements we have described form 
an excellent set of apparatus for dealing with derailed 
rolling stock, and one which possesses many important 
advantages over the appliances in general use for that 
purpose. The manner in which the apparatus can be 
used will be readily understood by all who have had to 
deal with railway accidents, bat to explain this more 
fully and also to give an idea of the efficiency of the ap- 
paratus, we publish on page 459 a series of diagrams 
* illustrating its employment in the case of an accident on 
the staging of the pier at Calais on the 11th of June last. 
In this case a derailed tank locomotive No. 3812, had 
to be dealt with, the full lines in Fig. 34 of the series of 
‘ diagrams showing the position of the engine at 10.30 a.m., 
* while the dotted lines show the position into which it 
was brought by 12.30 noon, the operation of restoring to 
the rails having only occupied two hours. 

The series of operations in this case was as follows: 
The first hour, namely, from 10.30 a.m. to 11.30a.m., 
was occupied in getting the lifting screws and girders, 
&c., into place, Figs, 35 and 36 showing the arrangement at 





the leading and hind ends of the engine respectively. In 
the case of the front end, the planking of the staging was 
replaced by rails laid flat and close together, and upon 
these rails the pair of lifting screws connected by the 
girder were placed. At the hind end a somewhat different 
arrangement was adopted, the lifting screws in this case 
being mounted on the ends of one of the slides (formed of 
a pair of rails) which we have already described. 

The next operation consisted in thesimultaneous lifting 
of the two ends of the engine, this occupying 17 minutes, 
namely, from 11.30 a.m. to 11.47 a.m., by which latter 
time the engine had been brought into the position 
shown by Figs. 37 and 38. Atthe leading end the engine 
was then supported by an ordinary jack under the centre 
of the buffer beam, as shown in Fig. 39, until the girder 
was lowered, packing introduced, and a second lift taken 
(without shifting the lifting screws) as indicated in the 
same figure. These operations and the subsequent lower- 
ing of the leading wheels on to a slide similar to that 
employed at the trailing end occupied until 12.2 noon. 
Next the engine was pushed over on the slides by jacks 
acting horizontally, as shown in Fig. 40, this traversing 
being performed in two stages and occupying 13 minutes, 
namely, from 12.2 to 12.15, while finally the removal of 
the slides, and the successive lowering of the two ends 
upon the rails occupied 15 minutes, the whole operation 
being thus completed at 12.30 noon. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday was a dies 
non amongst the iron merchants, as it was held as the 
Queen’s birthday. When business was resumed on the 
following morning the tone of the market was dull, but it 
afterwards recove' i . The closing price, however, 
was 4d. per ton under that of Wednesday, and 4}d. under 
that of the previous Friday. Business was done durin 
the forenoon at 42s. 34d. to 42s. 4d. cash, and at 42s. 6}d. 
one month, the market closing rather buyers at those 
prices. The only quotation in the afternoon was 42s. 4d. 
cash, and at the close there were sellers asking 42s. 4}d. 
cash and 42s. 74d. one month, and buyers offering 42s. 4d. 
and 42s. 7d. cash and one month respectively. The warrant 
market opened quiet on Monday at last week’s closing 
rates, but the Relies could not maintain those prices, and 
quotations got down to the lowest fi yet touched. 
There were transactions during the forenoon at from 
42s. 4d. to 42s. 34d. cash, and from 42s. 7d. to 42s. 6d. one 
month ; and business was done in the afternoon at 42s. 3d. 
to 42s. 2d. cash, and at 42s. 6d. to 42s. 5d. one month, the 
market closing with sellers at 42s. 3d. cash and 42s. 6d. one 
month, and buyers offering 42s. 14d. cash and 42s. 4$d. one 





prices declined to the extent of 2d. per ton. Some lots 
changed hands during the forenoon at 42s. 14d. down to 
42s. 1d. cash, and at 42s. 4d. one month, and in the after- 
noon at 42s. cash and 42s. 3d. one month, the market 
closing with sellers at 42s. 1d. cash and 42s. 3d. one month, 
and buyers 42s. and 42s. 2d. respectively. There was a 
very flat market to-day. During the forenoon business 
was done at 41s. 11d. cash, and at 42s. 14d. one month, the 
market closing rather buyers at those prices, and sellers 
asking a shade more. In the afternoon there were buyers 
at 41s. 10}d. cash, and sellers very near. Since last report 
the tone of the market has been dull and heavy, with only 
a very small amount of business doing; and, as usually 
happens when prices are low, buyers are a mg ng more 
than ordinary caution in their operations. There is, how- 
ever, very little to encourage holders. The termination of 
the wages dispute in the Durham mining districts has re- 
moved the ae element that had of late imparted to it m4 
little strength which the Glasgow pig-iron market possessed, 
and the imposition of protective duties in Germany closes, 
to a great extent, one of the best markets for Scotch and 
Cleveland pig iron. Only a very dull demand is showing 
itself for shipping iron. Prices of special brands are in 
several instances quoted officially at 6d. or 1s. per ton lower 
than last week, and others can be had at lower than the 
list quotations in second hands. A large quantity of iron 
has again been sent into the public warrant stores, and the 
total stock with Messrs. Connal and Co. up till last ene A 
evening was 263,678 tons, showing an increase for the wee 
of 2684 tons. One blast furnace been blown in again at 
Ardeer Iron Works, Ayrshire, and the total number now 
in actual operation is 88, as against 89 at the same time 
last year. Last week’s shipments of pig iron from all 
Scotch ports amounted to 11,415 tons, as compared with 
10,742 tons in the corresponding week of last year. 


The New Guion Liner.—On Friday last, the Arizona, 
the largest mercantile vessel ever built on the Clyde, and 
with the exception of the Great Eastern, the mer- 
cantile vessel afloat, had her trial trip down the Firth of 
Clyde. She has been built by Messrs. John Elder and Co., 
for the Guion Line, and if she comes up to the expectations 
formed of her, from her build and her engine power, she 
will doubtless be only the first of a number of such vessels 
that the — will yet be called upon by her owners to 
supply. The Arizona went round to Liverpool the same 
night, and she is to set out on her maiden voyage to New 
York next Saturday. 


Royal Scottish Society of Arts—A meeting of this 
Society was held last Monday evening, Dr. R. M. nD, 
President, in the chair. Part of the evening was occupied 
with the continuation of a communication from Mr. 8. B. 
Wilkins, superintendent of the Edinburgh Fire Brigade, 
on “‘ Fire Escapes, and the Rescue of Life from Fire.’ 


month. Yesterday’s warrant market was likewise dull, and a 
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when the valedi address for the session was given by 
the President, Mr. R. C. Reid. He referred to the 
ceedings of the Society during the past session, which 
exhibited a marked improvement in the attendance of 
members, and the readiness with which papers had been 
brought forward for discussion. The Society being now 
about to amalgamate with the Royal Scottish Society of 
Arts, its 2 since its formation in 1870 was briefly 
touched on. It was stated to have been formed by a few 
young engineers, who felt the want of a society where 
gentlemen connected with the profession could meet and 
exc ideas with a view to mutual benefit. The terms 
of J tion with the Society of Arts provided for the 
formation of an engineering section of that Society for the 
consideration of the more technical questions ; also of a 
new class of associates for the reception of the younger 
members, who should only be uired to pa: the 
usual subscription. It was hoped that this cpaleneaiion, 
if carried out, would form a prelude to the union of all the 
scientific societies in the city. 

Forth Bridge Works.—The erection of the railway bridge 
across the Firth of Forth is in progress, but it Seomene 
very slowly. Already a massive column of brickwork is 
beginning to show itself on the west end of the island of 
Inchgarvie, where the central pier of the great structure 
will be a Large quantities of material lie at North 
Queensferry railway station ready for shipment to the 
island. At Burntisland workmen are engaged in construct- 
the railway which is to be used in connexion with the 
bridge. It is expected that the works at South Queens- 
ferry will shortly be proceeded with. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
good attendance on ’Change at Middlesbrough, but again 
the amount of business was exceedingly small. The recent 
failures seem to have given a further check to the expected 
returning confidence, and buyers are holding off. Messrs. 
Connal and Co., the warrant storekeepers of Middles- 
brough and Glasgow, have during the week decreased their 
stock fully 1600 tons, and they now hold 80,680 tons. 
They still continue deliver ex-store. Their Glasgow 
stock stands at 264,378 tons. The market yesterday was 
decidedly flatter, and No. 3 Cleveland pig could be bought 
for 35s. per ton, although some makers were quoting 36s. 
and 36s. 6d. per ton. It is matter for surprise that the 
demand for pig iron is so small when it is taken into con- 
sideration that so large a number of blast furnaces have 
been damped down during the strike of the Durham pitmen. 
Certainly the stocks of makers have been reduced to some 
extent, but there has been nothing like the reduction that 
was anticipated. The simple fact is that the failures have 
estroyed any chance of anything like confidence for the 
next month or two. Certain lists of creditors have been 
published, and it is known in commercial circles that there 
are firms who may not be able to hold out any longer 
against the sastensled depression. But if June and July 
were over the weak ones may manage to keep their works 
in operation after that. Meanwhile the financial abilities 
of clever and plodding people engaged in the Cleveland iron 
trade are taxed to the utmost. 


The Finished Iron Trade.—There is considerable activity 
in railway chairs. Last week 2000 tons were ship at 
Middlesbrough for India, and this week one of the largest 
vessels that ever entered the dock at the iron town is 
taking in a large number of chairs for India. Messrs. 
Gilkes, Wilson, Pease, and Co., of Middlesbrough, have re- 
ceived an order for 2000 tons of tramway sleepers for 
Manchester tramways. There is only a poor demand for 
finished iron. Ship plates are quoted 51. 2s. 6d. per ton 
less 2} per cent., and common bars are quoted 51. per ton. 


Engineers and Shipbuilders.—On the northern rivers 
there is still a good deal of work in hand. There is not 
so much inquiry, however, as could be wished. 


The Outlook in Cleveland.—The aspect of affairs in 
Cleveland is gloomy. The protrac depression has 
bronght nearly everybody down to the lowest point, and the 
continued bad trade together with the effects of the recent 
strikes in the coal trade, and the heavy failures, has placed 
many firms in such a position that the least financial dis- 
turbance may be followed by serious consequences. Every 
effort will be made to tide over the next few months, after 
which it is — that trade will improve. With regard to 
Messrs. Lloyd and Co.’s failure it is not expected that any 
attempt will be made to keep these works in operation. As 
to Hopkins, Gilkes, and Co.’s concerns the creditors -_ 

e 


san e that they will get a handsome dividend. 
engine works of this company will not be allowed to stop, 
and it is hoped when the whole affairs of Hopkins, ms. 


and Co., Limited, are wound up a new company W: 
formed for the purpose of taking over the splendid site by 
the river side, and erecting steel works. 





Tue DisTRIBUTION oF Loaps on LocomoTivE AXLEs. 
—In >. Birckel’s paper on the pecan: 2 d re on oe 
axles of tank engines, published on page of our 
number, in order to = ete the data in the cular 
case illustrated, it should have been stated that the values 
of the different loads are su to be as follows : 
W=36,700 kilos. 
W\=30,200 ,, 

=14,600 }, 


the others becoming : 








Edinburgh and Leith Engineers’ iety.—The closing 
meeting of this Society was held last Wi night, 


=10,000 , 
2: 9,900 ~ 
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GAS ENGINES. 

AT a congress in Brussels, in 1877, of the chief 
engineers of the French and Belgian associations 
for inspecting steam boilers, it was the opinion of 
the meeting that steam engines are not the motors 
for small industries. The reasons given for this 
opinion were that small boilers are difficult to ex- 
amine, their repairs are very costly, and their life is 
comparatively short. It was agreed that the small 
motor of the future is to be found in electric, hot 
air, compressed air, hydraulic, or gas engines, The 
last mentioned was justly regarded as that which 
has met with the greatest success. 

It is only natural that the stringent laws which 
regulate the application and working of steam boilers 
on the Continent, should have the effect of increas- 
ing the demand for any practicable form of motor 
that does not come under harsh Government inspec- 
tion with its severe tests and penalties, but we were 
scarcely prepared to find boiler engineers going, we 
might almost say, out of their way to advocate the 
use of gas engines, as it is obviously against their 
interest, in some measure at least, to do so. 

Notwithstanding the favourable opinion of gas 
engines entertained by steam boiler engineers on 
“. Continent, there still exists a very strong pre- 
Judice against gas engines amongst engineers in 
general on this side of the Channel. This prejudice 
arose from the failure of the first gas engines intro- 
duced from France some time ago. These engines 
were wrong in principle. It was overloo by 
their inventors that the sudden but unsustained 
pressure consequent upon the explosion of a strong 
mixture of coal gas and air exerted against a piston, 


was not so suitable as the sustained pressure of 
steam for obtaining a steady motion of a crank and 
flywheel. To this oversight, as well as to a con- 
siderable amount of complication, necessity for 
and ex- 
first gas 


skilled attendance, trouble from 


heating, 
pense of working, the failure these 


of 





engines was mainly due. There are still about a 
score of these engines working in this country, but 
most of those set to work have been abandoned or 
converted into steam engines, a change which their 
construction readily admitted. 

The defect in principle has been entirely removed 
in the gas engines of the present day, of which we 
have given a description from time to time as they 
made their ap ce,* 

Nearly all the drawbacks attendant upon the use 
of steam, especially for small powers, are due to the 
risk, attention, and anxiety inseparably connected 
with the use of the boiler, and it must have occurred 
to many steam users what a blessing it would be if 
the steam engine could be used without a boiler. 
Now, it is just this desideratum that a good gas 
engine is designed to meet, and the success which 
has attended the introduction of at least one type of 
gas engine, renders it easy to predict with certainty 
that a large new field will be opened out for the 
employment of motive power, that many small in- 
dustries will be greatly developed and extended and 
new industries created, now that a cheap motive 
power can be employed without the risk and trouble 
of having a steam boiler on the premises. For in- 
stance, the advantage of being able to start a gas 
engine at full power by lighting a jet and turning 
the flywheel, instead of having to wait till steam is 
raised, renders it of great value as a fire engine in 
country mansions and other isolated buildings, where 
it can also be used daily for pumping, lifting, laundry 
work, and ventilating. The gas engine appears to 
offer to architects a way out of the difficulty they 
have hitherto found in efficiently ventilating build- 
ings for want of a suitable motor. In crowded 
rooms fresh air can be drawn in from the most suit- 
able side of the building according to the season, 
time of day, and locality, by means of a fan, and 
distributed and diff where required without 
producing dangerous or unpleasant Tocal draughts, 
which are only too often felt with the present 
primitive, not to say barbarous, modes of ventilation 
still in vogue. The little attention given to proper 
ventilation in costly buildings and the want of 
success hitherto in overcoming the mechanical diffi- 
culties in the way are not very creditable to our 
architects and engineers. 

The destruction by fire of several buildings re- 

cently has been ascribed to the presence of a steam 
boiler on the premises. The danger from fire by 
storing or removing the hot ashes is greatly in- 
creased when the boiler is placed on any s 
above the ground floor. So great is this danger 
that the insurance rates are often so high as to 
preclude the use of steam boilers by the tenants in 
the higher floors of a building, and often leads to 
the exclusion of steam power altogether on the part 
of the owner. This prohibition of the use of steam 
power has proved to be a ¢ tax on many small 
industries, and in the working of cranes and hoists 
in warehouses in London and other places where 
the cost of working hydraulic engines direct from the 
main is too great to admit of their use. The want 
of a suitable motor to work in the upper floors no 
longer exists, as gas engines, working up to 12 horse 
power, can be applied without any more risk or 
trouble than accompanies the use of a steam engine 
without a boiler. 
With respect to the comparative economy of 
working small steam engines and gas engines, this 
depends chiefly 2 the relative prices of steam 
and of coal gas. ‘Taking the price of coals per ton, 
and that of gas per one thousand cubic feet in some 
towns in the north where cannel gas is used, the 
relative prices are two to one, whilst in London 
they are as five to one, so that if the cost of work- 
ing were the same for gas and steam in Manchester, 
the cost of working in London would be over 
50 per cent. in favour of the gas engine, a slightly 
smaller quantity by volume of gas being required 
for > given amount of work when rich cannel gas is 
use 

The Otto gas engine is said to require not more 
than 23ft. of gas per indicated horse power per 


hour, At London prices this is equivalent to about | tage 


one penny her hour. A steam engine, working at 
the same cost with coal at 18s, per ton, would take 
13} 1b. per horse power per hour, This appears at 
first sight a very extravagant rate of consumption 
even for a steam engine, say under 8 horse 
power. But as the superior economy of the 

engine has been repeatedly proved where it 

worked side by side with a steam engine, it may be 








* See ENGINEERING, vol. xx., pp. 514, 515; vol. xxiii. 
p. 127; vol. xxvi., pp. 150 and O31 + . 


as well to inquire into the cause of the extravagant 
cost of working in many small steam engines. 
These are used for many De where the re- 
sistance is very irregular, the power required vary- 
ing, perhaps, from one to t horse power, Ina 
very great number of steam engines and 
boilers over, say, four or five years old, the amount 
of steam lost by leakage at joints, taps, glands, 
slide valves, and piston rings, forms a large propor- 
tion of the quantity of steam generated, and the 
further great quantity of heat lost through the 
chimney, and by radiation from the furnace, boiler, 
and pipes, bears a not inconsiderable proportion of 
that utilised. As this waste is a pretty constant 

uantity, whether the engine is giving off one or 
eight horse power, it follows that the amount of 
fuel used is not at all proportionate to the power 
developed. When the engine is indicating two 
horse power, almost as much fuel may be used as 
when it is indicating six horse. With a leaky safety 
valve and steam stop valve it sometimes requires a 
considerable quantity of coal to raise steam and 
a it up a few hours at the working pressure even 
with the engine at rest, 

We grant this state of things is disgraceful, but 
we are speaking of things as we have too often 
found them, and not as they ought to be. There is 
little hope for improvement in this matter with 
many small steam users. As long as they have a 
boiler which furnishes them with a means of making 
up for the waste of steam and heat by wasting more 
coal, they prefer doing so to being at the expense 
of having their boiler fittings and engines put into 
good order. There are thousands of small boilers 
and engines at work, upon each of which the judi- 
cious outlay of a few shillings annually in necessary 
repairs would yield a return of as many povnds, 

the case of a steam engine and boiler in fair 
order, and cm intermittent work, there is always 
a considerable loss in getting up or maintaining 
steam. With the best forms of gas engines the case 
is very different. When the engine is in fair order, 
the quantity of gas.used is always in proportion to 
the power exerted, A certain volume of gas is 
drawn from the meter just when it is required, 
Should the engine not be in good order, and there 
is an escape of the expanding gases past the piston 
rings, there will be a waste and loss of power, and 
more gas will be required, but this loss soon reaches 
its limit, An engine, say, of the Otto ype, cannot 
use more gas than the quantity corresponding to its 
maximum power, Such an engine, working up to 
within 25 percent. of its greatest power, cannot waste 
more than 25 per cent, of the greatest amount of 
gas it is designed to use. When the piston rings 
require renewal, the defect is made manifest by the 
escape of the burnt gases, and in order to regain the 
power which the engine loses in consequence, the 
rings must be renewed, and so economy is merci- 
fully forced upon the user, In a steam engine, on 
the other hand, the waste of steam in escaping past 
the piston is easily made up by burning more coal, 
and this waste is only limited by the quantity of air 
that can be made to pass through the firebars. The 
above consideration will serve to show why it is 
that in practice gas engines are often found to work 
at one-third the cost of small steam engines they 
have replaced. 

Besides the economy of fuel there is also a great 
saving in attendance where a gas engine is used, as 
there is no stoking and maintenance of pressure and 
water-level requiring special attention. When oiled 
and started the engine can be locked up and left 
to itself for hours like a steam engine. ‘The handi- 
ness of the gas engine was strikingly illustrated in 
the Royal Albert Hall, at the recent exhibition of 
electrical light apparatus. In the course of the 
lecture, the engine in the body of the hall upon a 
given signal was started from a state of rest, the 

t slipped on to the pulley and the light uced 

ine might be left for 
a week or more and the same repeated without 
any preparation. 
as engines may be often used with great advan- 
as auxiliaries to large steam engines, In 
many works a steam engine of over 50 horse power 
is run all om pair a long line of shafting in 
order to work a small machine ie not more 
than a couple of horse % oss in coal, 
attendance, and wear and tear is often very great 
when this work is often pe open By using small 
steam engines the evil is 5 pestelly, yee » as 
the fireman has to be in attendance. To meet such 
cases, gas engines have been applied with ad- 


all in a few seco: 





great 
vantage, as the man who attends to the machine 
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can start the engine and give it the little attention 
it requires, and the cost of working is reduced to a 

It is, however, in connexion with small industries 
that gas engines will be most lar employed in 
the future. Where steam is req for heating, 
boiling, and other purposes, the steam boiler will 
always hold its ground, but for many minor indus- 
tries we may say that the days of onal steam boilers 
are numbered. 





THE AMALGAMATED ENGINEERS. 

In the present condition of the labour market any 
authoritative statement having reference to the 
wide-spread depression in trade, specific or other- 
wise, or dealing with its effects, cannot but be wel- 
come. Among the many publications which, during 
the past two years, have discoursed on this theme, 
few can compare in point of authority with the 
annual reports of trade unions, in so far as they have 
touched upon the several questions involved in the 
discussion. But apart from this they have a value 
of their own, economical and social, for they may in 
truth be called the “ Blue Books of Labour.” 

The twenty-eighth annual report of the Amalga- 
mated Society of Engineers, justissued, isa voluminous 
one, consisting of 382 large octavo pages, besides 
23 pages of introductory matter, including tables 
and summaries from 1851 to the end of 1878. 
Branch reports alone occupy 258 pages; in these, 
full details of the income and expenditure of each 
branch are separately set forth, and these again are 
tabulated so as to present a bird's-eye view of the 
whole, no fewer than 20 pages being required in order 
thus to give the numerous items under their proper 
heads. The list of the names of distressed members 
who have received grants from the benevolent fund, 
together with the particulars relating thereto, cover 
25 pages; the names of deceased members and 
wives fill 37 pages, and the list of admissions and 
exclusions 25 p 

The Engineers’ Society was established in Janu- 
ary, 1851; before that date there were several sec- 
tional societies, such as the fitters, smiths, pattern 
makers, and the like; these at that time were all 
merged into one union, and called the “‘ Amalga- 
mated Society of Engineers, Machinists, Mill- 
wrights, Smi and Pattern-Makers.” A person 
seeking admission into the society must have worked 
at the trade for five years before the age of twenty- 
one, and be able to command the current wages of 
the district where he is working when proposed as 
a candidate. The scale of entrance fees ranges from 
15s. for those under twenty-five years of age, to 3/. 
for those not exceeding forty _— of age, above 
which age no one is permitted to join. e con- 
tributions are fixed at 1s. per week, but in case the 
funds are reduced below 3/. per member, this sum 
may “be increased by such sum per week as will 
sustain the funds at that amount.” 

The benefits provided for in the rules are: Sick- 
ness, 10s, per week for twenty-six weeks, and 5s. 
per week afterwards so long as the illness con- 
tinues; Funeral benefit, death of member, 12/., 
member's wife, 5/.; Accident benefit, 100/.; Super- 
annuation from 7s. to 10s. per week, according to 
his term of membership ; Out-of-work pay, 10s, per 
week for fourteen weeks, 7s. for thirty weeks, and 
a further sum of 6s. per week so long as he con- 
tinues out of employment ; Emigration benefit, 6/. ; 
and strike pay 10s. per week with extra by levies. 

At the end of last year there were 399 branches, 
thus distributed: England and Wales, 291; Scot- 
land, 41; Ireland, 14; British Colonies, 20; United 
States, 31; and foreign branches, 3. The number 
of members in benefit at the same date was 45,408, 
an increase of 337 during the year, after deducting 
deaths and exclusions, This number represents 
about one-third of all those engaged in the several 
handicrafts into which the trade is divided. Judg- 
ing from the total number of admissions and exclu- 
sions, taking several years as the basis of computa- 
tion, a large majority of those working at the trade 
must have been members of the society at some 
period of their lives. 

The net income of the society for 1878, exclusive 
of remittances from one branch to the other, or to 
the general council, was 123,881/. 13s. 4d. This 
large amount was made up thus: 


2 s. d. 
Contributions, fines, and levies .. 113,485 10 6% 


Proposition money and entrance 
fees eee deo a ooo 2,658 3 5 
and keys, and shop lista. ©1165 15 2} 
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Cash returned, overcharges, 4.0 4 
benefits overdrawn, &. _... 883 18 3 
Remittances previous to 1878, 

errors and s' uses ... ea 371 3 4 
Bank interest, lodges and central 

funds, and property sold_ . 6,297 13 64 
Balances from closed branches 24 90 





123,881 13 4 

The total expenditure for the year amounted to 

147,476/. 5s. The principal heads under which this 
enormous sum was expended are as follows: 





Donation, or “ out-of-work 2 a. 4d, 
benefit,” from whatevercause 75,552 9 10 
Sick benefit, stewards, and 
medical certificates~ ... ae 24,054 15 3 
Superannuation to aged 
infirm members ove ee 15,706 5 3 
Accident benefits — total or partial 
disablement... ene ee 1,500 0 0 
Faneral allowance, members 
and their wives ane one 7,874 17 0 
Grants from the benevolent fand 
to distressed members ooo 4,089 6 6 
Loss of tools by fire... 20 00 
£128,797 13 10 
The above amounts may be regarded as payments 


for purely benevolent purposes, although 3520/. 6s. 3d. 
of the first item, or a portion of it, may have been 
expended in local and trivial disputes, under the head 
of contingent benefit ; but this is not regarded as 
strike pay in the ordinary sense of that term, inas- 
much as it has reference to individual members dis- 
charged under circumstances which entitle them to 
special benefit. 

The average number of members out of work, and 
receiving donation benefit during the whole year, 
was nearly 3000; the disbursements under this head 
were 19,649/. 17s. 44d. in excess of the sum paid in 
1877 ; the total amount so paid in two years, 1877-8, 
was 130,023/. 

The cost of management in a society of such 
gigantic proportions as the engineers must necessarily 
be great. The following summ 
cost in connexion with the whole of the branches, 
district offices, and central office in London : 


+ a oe * 
Printing and stationery wo 98,863 18 1 
Postage, parcels, telegrams, 
mn — PA eco te 719 5 & 
rchase ir of property, 
branches, woe goad general office 252 16 5 
Rent, lodge rooms, and central 
office, coal, gas, rates and 
_ taxes, dc we ove ees 1,690 3 4 
. a — me aust 
¢ Baar 
offices ... kon on sa 8,068 3 It 
Branch treasurers, and audi 
tors, local and cen as 1,492 7 1 
Other branch officers and sub- 
committees ... ‘ ‘iin 1,689 0 4} 
Central council, district, and 
local committee mee’ ose 1,352 5 10 
Delegations, and loss of time 492 0 8 
ae a 436 15 11 
Law costs, promissory notes, 
and stamped agreements 50 15 5 
Making a total of 15,102 12 7 


A small portion of this amount is returned in the 
shape of payments for reports, rules, &c., so that 
the cost of management is somewhat under 12} per 
cent, of the income, 

Among the miscellaneous items of expenditure are 
to be found proposition money, entrance fees, and 
contributions returned, and fines remitted, 
161/. 11s. 3d.; branch removals, 7/. 13s. 4d. ; depre- 
ciation of currency in foreign branches, 54/. 19s. 1d. ; 
unacknowledged remittances, 508/. 9s.; and grant 
to the Parliamen Committee, 35/. 

Under the head of “ ts to our own and other 
trades” will be found the sum of 2625/. 9s. This 
represents the amount spent in strikes during the 
= year. Out of this 500/. was voted to the 

orthumberland miners, so that only 2125/. 9s. was 
actually spent in labour disputes in 1878 by this 
the wealthiest of all the trade unions. The report 
gives 2722/. 148. 6d. as having been voted in support 
of trades disputes, 

The general office accounts, although included in 
the foregoing totals, are separately given. The total 
income was 5389/. 17s. 8d., of this amount the 
American branches contributed as their share for 
this year 1525/., the remainder was supplied by 
nine metropolitan branches, and a few others. The 
expenditure includes the cost of 258 council meet- 
ings, 481/. 1s. 6d.; salaries, general secretary, two 
assistant and office assistance, 552/. 10s. ; 
rent, rates, arid taxes, gas, coal, &c., 160/. 16s. 6d.; 


gives the total |4 


and a few small items of no ial interest. The 
bulk of the expenditure was incurred in printing, 
stationery, postage, &c., as before given under the 
head of general management. 

The balance in hand at the end of the year was 
251,675/. 8s. 63d. ; the arrears, 12,1597. 5s. 6$d.; total 
worth of the society, exclusive of branch and other 
property, 263,834/. 14s. ld. The expenditure for 
the year exceeded the income by 23,594/. 11s. 8d. ; 
in 1877 the balance was on the other side to the 
extent of 123/. 4s. 5d. 

The gross amounts paid away as benefits during 
the past 28 years are thus summarised : 





Donation (out of £ s.d. 

work) benefit 789,588 being 29 13 54 per member 
ie tion .. 58°07 a a 3 ve 

a) uation ... y * * 
Accidents .. . se «2. 1-8 os 

ooo -. 118,888. ,, 3191 oe 

Benevolent grants... 37,024 ,, 1 11} ” 
Assistance to our own 

and other trades... 22,892 ,, 16 63 ms 
Grand to t 


tal...  ... 1,517,486 ,, 53109 

The death-roll for 1878 was a heavy one, it 
included 569 members, and 340 wives; the chief 
fatal disease was consumption. The total number 
assisted out of the benevolent fund was 1223. In 
addition to the weekly contributions each member 
was levied to the extent of 5s. 9d. during the year. 
Speaking of the strain upon the society’s funds, the 
report says: ‘“‘We venture to say that, in the earliest 
days of trades unionism, neither its most sanguine 
friends, nor its bitterest foes, ever atiticipated that 
it would become such a force in the land that one 
society should be able to stand such a drain on its 
resources in asingle year as we have done, and live.” 

With reference to foreign competition the report 
remarks: ‘‘ Over the whole year our trade with 
foreign countries was actually a great improvement 
upon 1877, as may be gathered from the Board of 
rade returns.” The following figures are then 
uoted: Exportation of steam engines, 1876, value, 
1,939,1177.; 1877, 2,018,864/.; 1878, 2,416,804/. 
Other descriptions of millwork and machinery, 1876, 
3,332,192/.; 1877, 2,685,1407.; 1878, 2,656,853/. ; 
the totals were, 1876, 5,271,309/.; 1877, 4,704,004. ; 
1878, 5,073,6577. Commenting on these figures 
the report says: “Here it will be seen that in the 
value of steam engines exported abroad during 1878 
there was an increase of 397,940/. over 1877, and 
477,6872. over 1876. In general machinery there 
was, in 1878, an increase in value over 1877 of 
369,653/., though as compared with 1876 there was 
a decrease of 197,652/.” The assertion that England 
is being beaten by foreign competition is treated as 
a ‘* bogie,” quite unworthy of serious argument, and 
is left to be answered by the figures given from the 
Board of Trade returns. 

The report as a whole is full of interest not only 
to those who belong to the union, but to all engaged 
in economical studies; it is well put together, the 
facts and figures are methodically arranged, and the 
details are tabulated in such a manner that a careful 
inquirer will experience little trouble in compre- 
hending their meaning, and understanding the con- 
clusions to which they point. 





THE LATE MR. W. FROUDE, F.R.S. 

It is with a feeling of sincere regret that we have 
to chronicle this week the death of Mr. Froude, 
whose name has become, as it were, a household 
word among all who are interested in the higher 
branches of naval architecture, and indeed to all 
who are concerned in the development of the phy- 
sical sciences. 

Mr. Froude’s grand conception of the true theory 
of the rolling of ships among waves, and his investi- 
gations connected therewith, would suffice to place 
their author in the front rank of all eminent men in 
this country and abroad who have studied the be- 
haviour of ships, or the theory of floating bodies. 
But in connexion with the subjects of screw propul- 
sion, and the resistance of floating bodies, Mr. 
Froude has achieved equally great results, and we are 
speaking with strict moderation when we say that no 
man who has ever lived has done so much to elucidate 
the principles which underlie the behaviour of ships, 
both as to their rolling motion and their speed, as 
Mr, Froude has done within the last twenty years. 
His great achievements in these directions demand 
notice at far ter length than we can devote to 
them this w and we must therefore reserve our 
remarks thereon for a future impressi Mr. 





on. 5 
Froude’s health has been known to be failing for 
some time, and much anxiety has been felt among his 
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numerous friends. He met within the last year with 
a sad bereavement in the death of his wife, which 
severely affected him, and from which he showed 
great difficulty in recovering. In the hope that 
change of scene might prove beneficial, he was in- 
vited by Commodore Richards to accompany him to 
the Cape of Good Hope in H.MS. Boanices on the 
occasion of the latter going out to take up his com- 
mand at that station, and Mr. Froude’s friends pre- 
vailed on him to accept the invitation. The change 
appeared to have done him much good, and he had 
recovered ina great measure his wonted cheerfulness 
and animation, when he was seized by an attack of 
dysentery, which after a few days took a serious 
form, and proved fatal on the 4th inst. 

Mr. Froude’s contributions to science have for the 
most part appeared in the Transactions of the Insti- 
tution of Naval Architects, but the proceedings of 
the British Association and of the Mechanical Engi- 
neers have also been enriched by the fruits of his 
marvellous powers of research ; and much that he 
has done has yet to be published, which is now em- 
bodied in reports made by him to the Admiralty, in 
reference to the experimental investigations he was 
conducting for the Government at his home, Chel- 
ston Cross, near Torquay, Mr. W. Froude was the 
son of the late Archdeacon Froude, of Darlington, 
near Totnes, and brother to the well-known historian 
of the same name. He was educated at West- 
minster School, and graduated M.A. at Oxford, 
where he took a first-class in mathematics. He 
was also an LL.D. of Glasgow University, and a 
Fellow of the Royal Society. In 1876 the Gold 
Medal of the Royal Society was bestowed upon him 
for his scientific researches, relating to the rolling 
and propulsion of ships, and for his experimental 
investigations in the same fields of thought. He was 
also an Associate Member of Council of the Lnsti- 
tution of Naval Architects, and had won the esteem 
and even affection of the members of that Institu- 
tion, at whose meetings he took an active part, by 
the kind and generous tone he invariably adopted 
towards those who differed from his conclusions or 
had failed to follow his reasoning, and by the gentle 
and unassuming manner in which he unravelled 
some of the most subtle and intricate problems and 
enunciated discoveries, often startling in their novelty 
and simplicity. 

Mr. Froude was trained as a civil engineer, under 
Mr. H. R. Palmer, a member of the Institute of 
Civil Engineers, and afterwards was for eight years 
the resident engineer on the Bristol and Exeter 
Railway. He then became a member of the late 
Mr. I. K. Brunel’s staff, and as such began that 
series of investigations into the behaviour of ships 
which was to bring forth such an abundance of light 
and knowledge on subjects previously shrouded in 
almost impenetrable mystery. Mr. Froude retired 
from regular professional work in 1846, and has for 
many years devoted his life to the solution of 
problems relating to the rolling of ships among 
waves, to the resistance of ships, and other ques- 
tions affecting their propulsion and behaviour, In 
this he has succeeded beyond the most sanguine 
hopes of his friends. If he had not reached the end 
of his labours he had at least got within sight of the 
completion of a series of investigations that for 
— of research, delicacy of manipulation, and 

ertility of resource have scarcely if ever been equalled. 

Mr. Froude’s death will be felt as a teh You to 
science, and in the mechanical professions it will 
be received by deep and universal regret. 








THE INSTITUTION CONVERSAZIONE, 
1879. 

On Monday evening, the 26th inst., Mr. J. F. 
Bateman, F.R.S., the President of the Institution of 
Civil Engineers, received at a conversazione, held at 
the engineering galleries of the South Kensington 
Museum, a large number of gentlemen among whom 
were many distinguished in the respective domains 
of literature, science, and art. On this occasion, as 
on the last, the invitations were not extended to 
ladies, but the galleries in which the soireé was held 
are so filled with cases containing objects illustra- 
tive of the science of engineering, and more 
especially of that branch of the profession which is 
devoted to naval architecture, t there was but 
small circulating space for the guests, and a very 
slight increase to their number would have caused 
the place to have been inconveniently crowded. 

One of the special features of the soirée was that 
the galleries were Pyne by the electric light, almost 

of gas, the systems of Siemens, 


to the exclusion 





Gramme, Werdermann, Wilde, Higgins, and Jabloch- 
koff being represented. The central hall was lighted 
by three Siemens lamps suspended from the ceiling, 
and surmounted by gilt reflectors, the current for 
which was convey - conducting cables the whole 
length of the Horticultural Gardens, a distance of 
1800 ft.—the machines being fixed in the engine- 
room of the Albert Hall; and a fourth cable of the 
same length was laid for demonstrating the trans- 
mission of power to a distance by means of electricity. 
This was accomplished by connecting one of the 
Siemens dynamo-electric machines in the Albert 
Hall with a similar machine in the central hall of 
the engineering galleries, this second machine be- 
coming an electro-magnetic engine, being driven by 
the current generated by the first machine at the 
other end of the cable. To the second machine 
was applied a Prony brake for indicating the amount 
of power which was being transmitted. 

e small ship-model room was lighted by two 
Serrin lamps suspended from the ceiling, each being 
furnished with a nearly flat silvered reflector placed in 
a horizontal position below the arc so as to project its 
rays exclusively on to the white ceiling, from which 
it was distributed and dispersed as reflected light. 
Had these mirrors been made of the true figure and 
surface an exceedingly beautiful method of illumi- 
nation would have been demonstrated, but the sur- 
faces of the mirrors were soimperfect, and their figure 
so ill-adapted for the purpose to which they were ap- 
plied that the ceiling was mottled all over with caustic 
curves and interference shadows, whereby a large 
amount of the available light was lost, but with all 
the defects of the reflectors the room was illumi- 
nated with a soft, white, fairly steady light which 
well illuminated the ship-models displayed beneath. 
These lamps were fed by two “A” size Gramme ma- 
chines, each of which is calculated to give a light 
of 6000 normal sperm candles at a speed of 900 
revolutions per minute ; these were exhibited by the 
British Electric Light Company, who are the owners 
of M. Gramme’s electric light patents for this country, 
The machines were driven byan ‘‘ Otto Silent” gas en- 

ine of8 horse power exhibited by Messrs. Crossley 

rothers, which did its work with that steadiness and 
regularity of motion for which these engines, have 
justly earned so great a reputation, and which, added 
to the fact that they can be started or stopped at 
a@ moment’s notice with no expenditure of time or 
fuel in “ getting up steam,” render them so ex- 
ceptionally well suited for the production of the 
electric light. 

Tothe same engine was also connected a small 
electro-plating Gramme machine, which was placedin 
circuit with five Werdermann lamps, supported on 
lamp-posts, and surrounded by clear glass globes. 
The long gallery in which Mr. Bateman received his 
guests was lighted throughout by Wilde’s electric 
candles, supported on ornamental posts, and sur- 
rounded by opal globes, which gave a remarkably 
steady light. These lights were fed by two of 
Mr. Wil e’s dynamo-electric machines, which we 
shall describe on an early occasion. The room in 
which tea and coffee were served was lighted by 
Higgins’s lights, the source of electricity being a 
powerful voltaic eS The Higgins lamp is 
electrically identical with Mr. Werdermann’s, while, 
mechanically, it isthe same as M. Ducretet’s modifi- 
cation of Reynier’s lamp. As in the Werdermann 
lamp, a fine carbon pencil is maintained with a gentle 
but uniform pressure against a large disc of carbon 
placed above it, the light proceeding partly from 
the incandesence of the point of the fine carbon 
pencil, and omg A from a brush-shaped arc sur- 
rounding it. In Mr. Werdermann’s arrangement the 
carbon pencil is drawn inst the carbon disc by 
means of a fine cord passing over ee and at- 
tached to a weight, while in Mr. Higgins’s lamp it 
rises under the influence of the hydraulic pressure of 
a column of mercury into which it is plunged. By 
the latter arrangement a very uniform pressure is 
maintained between the two carbon electrodes, and 
an exceedingly good electrical contact is insured by 
the mercury surrounding the carbon on all sides. 
This is the plan adopted also by M. Ducretet in his 
new Reynier lamp. The end gallery, or machine 
model room, was lighted by six Jablochkoff candles 
in their usual fittings, and supplied by a six-light 
Gramme dividing machine, driven by a portable 
engine outside the building. 

ides the electric lights in actual operation 
there was an interesting collection of machines, 
lamps, and appliances connected with this new branch 
of the profession, among which may be mentioned 
Schuckert’s er ma which is a modification of 


Gramme’s, with rather different magnet poles, the 
Pyramid lamp, a special form of Rapieff’s ‘ Times” 
a Krupp’s lamp contributed by Captain W. B. 
Brain, a set of M. Rapieff’s electric lamps contributed 
by the inventor, and a De Mereanne-Harding lamp, 
for use with the Lontin machine, contributed by Mr. 
W. B. Godfrey. Specimens of the early lamps, 
as used at Dungeness lighthouse, were contributed 
by the Corporation of the Trinity House, who also 
showed side by side with these early instruments of 
Professor Holmes, the most perfected form of lamp 
yet made, namely, the Jarge Siemens lamp, as used 
at the lighthouses at the Lizard promontory. M. 
André exhibited a curious form of incandescent lamp 
which appears to resemble four Reynier lamps placed 
side by side, their carbon discs being replaced by 
similar discs of copper. The Electric Generator 
and Light Company contributed an incandescent 
lamp with current regulator, the latter being very 
much the same as one of Mr. Edison's arrangements 
for actuating an automatic shunt in the event of the 
fusion of an incandescent spiral of platinum wire. 
Of other current regulators, both that of Dr. 
Siemens and that of M, Hospitallier, were repre- 
sented, but as we intend to describe these instru- 
ments in a short time we cannot devote much of 
our space to them on the present occasion. 

Messrs. Siemens Brothers exhibited specimens 
of their very beautiful electric lamps, including a 
second example of the large lighthouse lamp as used 
at the Lizard , a set of manufactured carbon pencils 
from jin. in diameter downwards, also Dr. Obach’s 
galvanometer for measuring electric currents of great 
strength. We shall shortly publish an illustrated 
description of this interesting instrument, The 
same eminent firm contributed projectors for 
directing the light in any particular direction, and 
various other objects connected with electric light- 
ing. The Baron de Meritens exhibited one of his own 
magneto-electric machines, and among the other 
machines shown in this series were the dividing 
Gramme machine, the ordinary Gramme machine, 
Schuckert’s machine and several others, 

Mr. Peter Brotherhood exhibited an interesting 
and convenient electric lighting apparatus consistin 
of one of his three-cylinder engines, of a speci 
type which we shall shortly illustrate, having coupled 
to its main shaft two Siemens machines fixed on to 
the same bedplate symmetrically one on each side 
of the engine. During part of the evening this was 
driven by the current from one of the Siemens 
generators in the Albert Hall, in order to illustrate 
the electrical transmission of mechanical power. 

In the machine model room Mr, E, A. Cowper 
exhibited his much-admired writing telegraph, which 
formed one of the principal attractions of the even- 
ing.* Mr. Cowper also exhibited a rough home-made 
little electro-magnetic motor, the special point of in- 
terest of which consisted in the fact that the rotating 
electro-magnet was constructed of thin laminz of 
iron, by which more rapid magnetisation and demag- 
netisation was insured. This arrangement is very 
generally adopted at the present time, but this was 
made by Mr, Cowper before the influence of thin 
laminz upon the rapidity of magnetisation became 
a recognised fact of science. 

Mr. E. B. Bright exhibited models to illustrate 
his system for the establishment of fire alarms 
throughout large establishments, and for connecting 
various parts of a city with a central office by which 
alarms of fire can be instantly transmitted to the 
fire-engine establishments. 

Mr. Conrad W. Cooke exhibited the actual in- 
struments employed on the London, Chatham, and 
Dover Railway for working Sykes’ system of electric 
lock and block signals, as well as mcdels illustrative 
of the —_ As we briefly described this system 
last week,t and intend shortly to describe it in detail 
we need not devote more of our space to it now, 

One of the most interesting objects exhibited on 
Monday evening was an instrument for indicating 
on a dial the exact level of water in reservoirs at a 
distance. This was exhibited by Mr. W.H. Preece, 
C.E., on behalf of the General Post Office, and by Mr. 
Rofe, for whom it was constructed in the manufac- 
turing department of the Post Office. This instru- 
ment, which we shall in an early issue illustrate and 
describe, was in communication by means of the 
telegraph lines with a reservoir at Nottingham, and 
all through the evening a dial fixed against the wall 
at South Kensington was indicating the level of the 
water in the Nottingham reservoir. The transmit- 
ting instrument, which is the essential feature of the 


* See ENGINEERING, page 180 ante. 








+ See ENGINEERING, page 440 ante. 
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apparatus, is very simple and a masterpiece of con- 
struction and finish. A large hollow agpet float, 
about 2 ft. in diameter, is so attached to the appa- 
ratus that a rise of one inch is represented by one 
revolution of a small loaded spur-wheel, which makes 
a double contact for each revolution. Each time 
contact is made an impulse is transmitted through 
the wire to the receiving station, thus indicating, 
by a step-by-step motion, each rise or fall which 
amounts to half an inch. One of the most ingenious 
contrivances connected with this beautiful appa- 
ratus is that for communicating both backward 
and forward motions to the dial. This is effected 
by an automatic shunt, which is thrown over 
against one contact piece when the wheel is turning 
in one direction through the rising of the float, and 
is brought against another contact piece, when the 
motion of both is reversed, thas allowing either a 
right-handed ratchet motion to be thrown into 
gear at the receiving station, or a left-handed 
ratchet, according as the shunt is against one 
screw or the other. This very beautiful apparatus 
attracted very considerable attention at the soirée. 

Messrs. Bartrum and Powell exhibited a speci- 
men of their ‘‘ Comet” pump, of which we intend 
soon to give an illustrated description. Mr. Twed- 
dell exhibited wooden models of his hydraulic rivet- 
ting apparatus, most of which have already been 
illustrated in our pages. The models included. 
however, anew and excellent mode of mounting the 
rivetter for bridgework, and of this we shall pro- 
bably have something to say on a future occasion. 

Sir W. G. Armstrong contributed examples of 
mountain guns for mule transport, which have an 
especial interest of their own at the present time, 
at the close of one semi-civilised campaign and at 
the commencement of another, which will tax all 
the country’s resources for the safe and efficient 
transport of war material through a difficult country. 
These guns are constructed to throw a projectile 
weighing 7} lb, with an initial velocity of 1450 ft. 
with a charge of 14 1b. of powder, They are made 
in two pieces, each of which weighs 200 lb., and is 
fitted to a mule saddle. The gun carriage is 
similarly divided into two portions each of 200 Ib. 
weight, so that four mulesare able to transport, over 
mountains and through districts in which there are 
no roads, a gun and carriage weighing 800 lb., which 
can fire a projectile of 7} 1b, Sir William Arm- 
strong also exhibited a model of Mr. Rendel’s sys- 
tem of mounting barbette guns, and of a weldless 
steel chain for suspension bridges. 

Mr. James Deas exhibited interesting models of 
the concrete cylinders and method of construction 
adopted by him in the construction of the Queen’s 
Dock, Glasgow, as well as in the Stobcross Docks, 
which were described in these columns some months 
ago.* 

Mr, John Dixon showed two beautifully made 
models, one of the Cleopatra vessel and the other 
of the very simple and successful method by which 
the Egyptian obelisk was swung over and erected 
on the ‘Thames Embankment.t 

One of the most interesting objects at the soirée 
was the apparatus designed by Professor Kennedy 
and Mr. ih H. Willis for measuring minute exten- 
sions in bars by an optical method, and which is in 
use at the engineering laboratory of University 
College, London. The general principle of this 
system, which we intend shortly to describe in 
detail, consists in so connecting two plane mirrors 
to two points on the bar to be tested that the 
smallest variation of length of that portion of the 
bar included between their points of attachment 
produces an angular displacement of the plane of 
one or both of the mirrors, this displacement being 
rendered apparent in an observing telescope by the 
movement across the field of vision of the images 
of two horizontal scales fixed several feet above 
the mirrors, and which are so placed with regard to 
them that their images are formed side by side in 
the focus of the eye-piece, By ‘his\simple method 
very minute increments or decrements of the 
distance between the clamps to which the mirrors 
are connected is not only instantly detected but is 
accurately measured, Professor Kennedy and Mr. 
Willis exhibited also several specimens of tested 
bars, including some prepared by the students in the 
laboratory of University College. 

Mr. Livesey exhibited his new wrought-iron 
sleeper, the characteristic feature of which consists 
in securing the rail by a corrugated iron key fitting 


i 
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glass on astrip of paper, the amount of sunshine 


tween the hour lines marked on the paper strip. The 
second instrument was a very simple mercurial self- 
recording barometer, in which a float resting on the 
lower surface of the mercury in a syphon barometer 
is caused to move a glass pen up and down in front 
of a continuously moving paper band passing over 
two drums rotating on vertical axes at a uniform 
speed by means of aclock. 


exhibited. In this a longitudinal and continuous 
groove is formed on each side of the head and flange 
of the rail close to the web. The joint is formed by 
means of two wedges, the upper sides of which fit 
against the head and flange of the rail, and into the 
grooves mentioned ; the contact faces of the wedges 
are roughened so as to hold against each other. 
When driven home these wedges form a tight joint, 
and no holes in the rails, nor bolts are required. 
This system has been laid down in many places for a 
considerable time, and appears to have given very 
satisfactory results, 


form of speed indicator for engines, machinery, or 
locomotives, to which he has given the name ‘ The 
Showspeed.” 
of a revolving shaft by the vertical position of a 
column of mercury upon which floats an ivory index. 
The scale is graduated to numbers of revolutions per 
minute, or to miles per hour, according to the pur- 
pose for which it is intended. The acting of the 
instrument depends upon the rising and fallin 
column of mercury in connexion with a rapidly re- 
volving chamber containing the same metal which 
by the action of the variation of centrifugal force at 
various 8 


models floating in water of their double-power float- 
ing dock, showing the method by which the dock 


and Co., of Renfrew, exhibited two highly-finished 
models of one of their improved hopper dredgers, 
of which eight are actually in use at the present 
time. These dredgers are capable of dredging to 
depths of 30 ft. and cancarry 1500 tons, and their 
speed of steaming is seven knots an hour. The 
second model, which exhibited great beauty of 
workmanship, was of their elevating ferry steamer, 
the characteristic feature of which consists in a 
movable deck or platform, which can be raised or 


quay or pier alongside which the vessel is moored, 
at all positions of the tide, thus rendering the use of 


slips unnecessary, 
tioned two handsome ornamental cups of Bessemer 


steel, shown by Mr. Daniel Adamson, and which to 
a casual observer would be taken to be presentation 


into an elastic jaw which prevents the key coming 
out or working loose, This arrangement can be 
adapted to a cross sleeper with a very simple plan 
for adjusting the gauge. Mr. Livesey showed also 
an example of a wrought-iron cross sleeper road for 
light railways, sugar plantations, &c. On these 
sleepers there are no loose or detached pieces, 
The clips which secure the rail are pressed up out 
of the sleeper plate when cold (by a new method 
patented by Mr. Livesey); this makes a very sub- 
stantial and cheap permanent way. He also ex- 
hibited his well-known tramway rail and iron 
sleepers, which we have already illustrated and 
described in this journal.* With the same exhibits 
was a model of a new description of permanent way 
for street tramways, designed by Messrs. Livesey and 
Cameron, which consists of a rail ‘‘ dovetail” in sec- 
tion on the underside. This rail is firmly held by two 
deep angle plates bolted together one on each side 
and which may be made either of cast or wrought 
iron. The wide angle at the bottom gives a large bear- 
ing surface and supports the pavement on each side. 
The space between the walls of the angle plates is 
filledin with concrete. In order to adapt these rails 
to curves those in cast iron are made in short 
lengths: of 2 ft. or 3 ft., while those in wrought 
iron have V-shaped notches cut at intervals in their 
bottom flanges, which allow the rail and side plating 
to be bent to any curve. 

Dr. Airy exhibited two interesting recording me- 
teorological instruments, the first for registering the 
duration of sunshine, consisting of a sphere of glass 
mounted in such a manner as to act as a burning- 


being recorded by the charred spots and lines be- 


The Acaster system of permanent way was also 


Mr. J. M. Napier exhibited a very convenient 


This instrument indicates the speed 


of a 


eds determines the level of the mercury 


n the tube above. 
Messrs. Clark and Standfield exhibited working 


s capable of docking itself, and Messrs. W. Simons 


owered so as to be level with the platform of the 


Among other objects of interest may be men- 


cups of silver, so finely were they finished. Speci- 
mens Of mild steel cylinders crushed to show the 
strength of the material, were also shown by Mr. 
Bessemer. Testing machines for tensional strength 
of paper, wire, and cement, respectively, were ex- 
hibited by Mr. Carrington, whose earlier form of 
apparatus has already been described in ENGinErER- 
ING, the Normandy rock drill was exhibited by Mr. 


E. Edwards, and a model of the Mallory screw pro- 
peller by Mr. Perry F. Nursey,* while a small 
cycloidal Be peller was exhibited by Lieutenant 
Armit, R.N. Models of Brockelbank’s automatic 


railway couplings were exhibited by the inventor, 
and a model of the original design for the Conway 
tubular bridge, was contributed by Mr. George 
Robert Stephenson, the late President. 

It is impossible, within the limits of a notice of this 
sort, to do anything like justice to any of the objects 
exhibited, or even to mention more than a small 
proportion, for there were on this occasion no less 
than one hundred and fifty contributors, and that 
figure represents not more than one-half the number 
of contributions, but we have said enough to show 
that the guests of the President and Council of the 
Institution of Civil Engineers had on Monday 
evening plenty to look at, and that a very interesting 
and enjoyable conversazione was added to what 
has already become a long list. 








GAS WASHERS AND SCRUBBERS. 
By R. H. Patrerson. 
Wyruin the last few years a marked improvement 
has ‘commenced in the purification of coal-gas; 
and itis to be hoped that further progress in this 
direction will soon be attained. Undoubtedly the 
grand impulse to this in poe was given by Par. 
liamentary legislation; and ere long it will be ad- 
mitted by the gas companies themselves that the 
legislative penalties upon gas impurities which they 
(naturally enough) so vehemently opposed have 
conferred upon them a positive benefit. Thereby 
the companies haye been compelled to direct their 
efforts to the better purifying of the gas, rendering 
it more ae to their customers ; while at the 
same time they have come, or are coming, to see 
that the new processes and apparatus thus ren- 
dered necessary will be actually profitable to them- 
selves, In gas-making, as in all branches of manu- 
facture, the best kinds of apparatus or of processes, 
even although these be (which is not necessarily the 
the case) more costly at first, are the most econo- 
mical in the end, 
As regards new forms of apparatus, it is in the 
washers and scrubbers that the greatest progress is 
at present observable. The mental activity in this 
department is evidenced by the number of new kinds 
of washers and scrubbers recently patented and 
otherwise brought under the notice of the gas world 
—viz., Anderson’s, Livesey’s, Kirkham’s, and others, 
We are sorry to think how long it will be before 
these appliances—some of them admirable—will 
come into general use. The vis inertia is very strong 
in the gas companies, The younger school of gas 
engineers are quite ready, many of them are most 
anxious, to try any new process or apparatus which 
promises to be an improvement. But there is this 
great difficulty in their way, that their works are 
already fitted up with the old apparatus; and so long 
as they can “get along” by means of the present 
plant, directors are nstanniie, and to some extent 
reasonably, reluctant to displace it. Hence, as 
— the new kind of washers and scrubbers, it 
will be long before they come into general use, 
although the superiority of some of them is manifest 
even at sight. We are glad to know that, where 
extensions of plant are necessary in the metro- 
politan gas works, one or other of the new kinds of 
apparatus are being adopted. 
The kind of scrubber at present most generally 
used, viz., the “* Tower scrubber” filled with coke, 
has had its day. As perfected by Mr, Mann it was 
a vast improvement upon any of the old kinds of 
washer—in some of which (still to be met with in 
provincial towns) the gas bubbles ay 
through the water in globes as big as a man’s head, 
and in all of which there was the fatal defect that the 
gas was washed with the same liquor, instead of being 
made to through clean water last of all. This 
latter point was the one which gave the distinguish- 
ing superiority to the scrubber over the washer. 
In the scrubber, in all its forms, the water enters at 
the top and trickles down, so that the gas in pass- 








* See ENGINEERING, vol. xxii., page 432. 





+ See ENGINEERING, vol, xxvi., page 209. 





* See ENGINEERING, page 322 ante. 


* See ENGINEERING, vol. xxvi-, page 90. 
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ing upward always comes in contact with clean 
water at the outlet, whereby, if the scrubber or series 
of scrubbers be of sufficient size for the gas make, 
the ammonia can be .wholly extracted, The other 
advantages claimed for, and partially possessed by 
the scrubber over the old washers were, first, that 
it gave less ‘‘ back pressure,” and, second, that the 
purification was effected by means of a smaller 
quantity of water (owing to the water being finely 
distributed over the coke, so as to present a maxi- 
mum of wet absorbing surface to the gas) whereby 
the ammoniacal liquor was obtained of greater 
strength. But the latter of these advantages was 
not a necessary concomitant of the scrubber, but 
arose merely from the very defective form of the 
old washers. It is needless to say that any form 
either of washer or scrubber can be employed so as 
to raise the liquor to the required strength, merely 
by retaining the liquor for a longer time in one 
of the washers, or by returning it into one of 
the scrubbers while using the other vessels of the 
series in the ordinary manner. 

No better modification of the tower scrubber yet 
exists than that known as ‘‘ Mann’s,” and Mr. 
Mann was the first gas-manager who gave intelligent 
care to improve the scrubber. It is also the fact that 
the ammonia purification as carried on by him at 
the Blackfriars Works used to be, beyond all com- 
parison, the best in London. From the very outset of 
the daily official testings, the gas from the Blackfriars 
Works was absolutely free from ammonia. There 
used to be about a grain or half a grain of ammonia 
in the gas as it left the scrubbers, but this small 
residuum was absorbed by the moisture in the 
subsequent oxide of iron purifiers, The Blackfriars 
works have for some years past been abandoned, and 
are now demolished —their place knows themnomore; 
but to this day there is not a single London gas- 
works—certainly not one of those subjected to the 
official testings —where the ammonia purification is so 
perfect as it was at these old works, so ably managed 
by Mr. Mann. Even at the large new Beckton Works, 
where the scrubbing power is on a much larger scale 
than at the Blackfriars Works, the ammonia purifi- 
cation has been inferior in its results, not from de- 
ficiency of apparatus, but from an inferior system 
of employing it. 

These perfect results obtained at the Blackfriars 
Works—at a time, too, when gas managers in general 
regarded it as impracticable to remove the last traces 
of ammonia—naturally created a high impression as 
to the excellence of the Mann scrubber. Neverthe- 
less, the perfection of the ammonia purification at 
the Blackfriars Works was by no means due solely, 
or even chiefly, to the kind of apparatus there em- 
ployed, but mainly to the clever and intelligent 
manner in which the apparatus was worked by Mr. 
Mann. It is true—and he deserves to have the fact 
recorded—that Mr. Mann was the first to give able 
and thoughtful attention to the internal arrange- 
ments of the coke scrubber. He gave successful 
attention to both of the two important parts of the 
apparatus,—namely, both to the distribution of the 
water supply, and to the arrangement of the coke. 
His brush-wheel at the top distributes the water as 
perfectly as it can be done ; and he arranged the coke 
in three compartments, with two intervening open 
spaces wherein the gas could redistribute itself and 
ascend equably through each tier of coke, thereby 
lessening the danger of the gas ‘‘ blowing” a passage, 
or two or three separate passages, for itself from 
bottom to top, as the gas always tends to do after 
the coke scrubber has been in action for such time 
that the interstices in the coke begin to be clogged 
with tar. 

‘The distributing brush-wheel in Mann’s scrubber 
also serves as a cover to the apparatus, partially 
protecting the upper part of the vessel (where the 
most difficult portion of the work is done, viz., the 
extraction of the last grains of ammonia) from the 
sun-heat in summer, which by warming the water 
impairs the purification of the gas. On several 
occasions at Beckton, in the summer of 1871, the 
temperature of the gas in the uppermost part of the 
first scrubber has been foun os the writer to be 
raised by the sun-heat to 110 and 112 deg, Fabr. 

But all this of itself would not have sufficed to 
achieve the above-mentioned results, but for the 
mode of working employed by Mr. Mann. He made 
a nice adjustment oF the two factors of the case, 


namely, the quantity of gas which had to be puri- 
fied, and the number and size of his scrubbers ; and 
instead of sending the whole of his gas through 
each of the four scrubbers in succession, he split his 
each of which passed ‘eeough 


gas into four streams, 





a separate scrubber. And his total gas-make and 
the size of his scrubbers were such that each of his 
four gas streams was thoroughly purified in passing 
through its single scrubber ; while the ammoniacal 
0 so formed was so strong (fully “ 14 oz.’’) that 
when mixed with the weak liquor are 5 or 
6 oz.) from the condensers, the whole of the liquor 
possessed the requisite commercial strength of 
** 10 oz.,” that is, requiring 10 oz. of sulphuric acid 
to neutralise the NH, in a gallon of the liquor. 
When scrubbers are employed solely for the pur- 
pose of extracting the ammonia (but not when they 
are employed also for decarbonating the gas, as by 
one of the writer’s new processes of purification), this 
manner of working them is certainly the best ; firstly, 
because when the gas is passed in separate streams 
each through a single scrubber, the back pressure is 
proportionately less than when the gas is passed in 
a single stream through the whole of the scrubbers ; 
and, secondly, because in this way the special 
advantage of the scrubber (viz., that the gas can be 
brought in contact with clean water in the upper 
part of the vessel) is turned to account in each 
vessel ; whereas if the gas be passed through the 
whole series of scrubbers, this special advantage of 
the apparatus is lost as regards all the vessels save 
the last one. 

But if the tower scrubber be looked at with a 
fresh eye, its defects will be at once apparent, 
This vessel, frequently 40 ft. and sometimes even 
60 ft. high and 12 ft. or 15 ft. in diameter, is filled 
with coke, bricks, or such-like materials, which 
have no effect in purifying the gas. The special 
object of washers and scrubbers, at least as now 
employed, is to extract the ammonia; for which 
purpose all that is needed is to bring the gas in 
contact with water, which substance, from its re- 
markable affinity for NH,, is by far the best and 
most economical means for extracting this impurity. 
But the Tower scrubber is filled with coke or 
bricks ; and from experiments made by Mr. Mann, 
it appears that the coke occupies fully two-thirds 
of the vessel—a great waste of spice, only ex- 
plainable by the process of ‘‘ development” through 
which the scrubber has passed. 

The origin of the scrubber, we have been told 
on high authority, is “involved in obscurity.” 
Its real history, however, was this: In old 
times the work of gas purification was carried 
on in a haphazard and most imperfect manner. 
The first object of gas manufacturers was simply 
to get rid of the tar—which was done (so far 
as it was done) by cooling the gas, at first by 
washing the gas with water, which was the 
origin of washers; but by-and-by it was found 
that the tar could be largely removed by passing 
the gas through ‘ breeze,” coke, and such-like 
substances, and this was the origin of “ scrubbing.” 
But by-and-by, during the last quarter of a 
century, it was found that the ammonia could be 
extracted by water, instead of (as previously) by 
chemicals ; and thus, while in some gas works the 
washer was retained and employed for this new 
purpose (in addition to its old use in removing the 
tar by cooling or condensation), in other gas works 
it appeared a happy thought to employ water in the 
coke scrubbers, so as to absorb ammonia while also 
‘scrubbing out” the tar. This was the origin of the 
present or wet scrubber. In fact, the scrubber was 
not designed rye or even primarily, for the 
extraction of the ammonia; but, by passing water 
through it, the old dry scrubber was made more or 
less efficient for this new purpose. At the same 
time, however, the coke scrubber was thereby ren- 
dered less efficient for its original purpose, viz., the 
extraction of tar ; for the tar does not settle on a wet 
surface to the extent which it does upon dry coke. 

Thus the wet coke scrubber has been in its origin, 
and still is even at its best, a makeshift. Like the 
old washers, its original use was chiefly to get rid 
of the tar ; and when ammonia purification by means 
of water, was recognised as a necessary and valuable 
process in gas manufacture, the tower scrubber 
was employed, or was meant to be employed, 

rimarily and chiefly to extract the ammonia, 

ence, we repeat, it is a makeshift, destined to give 
place to a better form or forms of apparatus. It 
seeks to combine two different objects which impede 
and conflict with one another, To extract the tar, the 
scrubber is filled with materials (coke, bricks, &c.), 
which are inert and useless for the extraction of the 
ammonia, producing a loss of space, or waste of 
apparatus, which is increased enormously in the 
course of working, owing to the interstices, the 
designed for the contact between the water and the 








gas becoming greatly narrowed and almost choked 
up by the deposits of tar. 

It was Mr, G, Anderson who first pointed out the 
inherent defects of the scrubber ; andj at the same 
time he struck the key-note of improvement, direct- 
ing invention into the best course, and in which it 
has since so rapidly eo Indeed Mr, Ander- 
son’s name deserves to be mentioned in almost every 
field of progress in gas manufacture, Possessing 


a vigorous intellect, and still in the prime of life, 
he does not allow habit or the itions of the 


past to obscure the rea] facts of the case. He is one 
of those men who like to know “‘ the reason why ;” 
and his knowledge of the broad principles of physical 
science enables him to see in what direction im- 
provement in gas manufacture is to be looked for as 
a practical question, 

_ In a paper which he read before the British Asso- 
ciation of Gas Managers in 1874 (which obtained 
the prize for that year), Mr. Anderson called atten- 
tion to the great importance of doing the work of 
washing or scrubbing efficiently, and maintained 
that, if properly constructed, the washer was a 
much superior apparatus to the tower-scrubber, 
which for many years previously had been (and, as 
washers were then constructed, very rightly) the 
favourite apparatus, and in London the only one 
employed. Atthat time, and indeed for some years 
before, Mr. Anderson had been making improve- 
ments in the washer; and since then, in 1876, he 
has devised a remarkably good apparatus of this 
kind which we shall deal with first among the new 
washers and scrubbers to be passed in’ review. 





CARBURETTED AIR. 
P Bh tacos 3 mages OF metry gerne 
IR,— ave ly api in your on 
carburetted air. The cost of this Santanting aaa is 
there given as 340 per cent. dearer than coal gas, which is 
at variance with experiments I made some three years 
since when I first 'ighted my house with air gas. 

I found that with gasoline at 2s. 2d. gallon its cost 
was equal to coal gas at 7s. or 8s. 1500 cubic feet, but if 
the air were allowed to become Fally charged with the 
vapour there was a very great waste—the most economical 
result being obtained when the air was only 
with the vapour, taking up probably little more than half 
the line required to saturate it. in, a burner that 
will do for coal gas is almost useless for air gas; I find I 
obtain the best results with a Silber argand burner with 
large holes, and a slide at the bottom to regulate the supply 
of air to the flame. 


Farnham, May 24, 1879. 


Joun Henry KNIGHT. 





THE PERKINS SYSTEM OF ENGINES. 
To THE Eprror oF ENGINEERING. 

S1r,—My attention was yesterday called to the report 
of the recent trial on the Clyde of the new steam yacht 
Wanderer, which is fitted with the latest example of Mr. 
Perkins’s engines working with steam of 400lb. per square 
inch, and in the report the public are informed that such 
important economical results were obtained on the trial, 
that the whole of the present system of marine engineer- 
ing will thereby be revolutionised. 

am therefore induced to ask you to allow me to put be- 
fore your numerous readers the question: What are the 
advantages of Mr. Perkins’s system? for I confess that 
after a careful study of the results obtained on the trial of 
the steam yacht Wanderer, I am unable to discover any 
economy in these results, beyond that easily obtained by 
ordinary compound engines working at the more moderate 
pressures of steam, usual at the present time. 

The steam yacht Wanderer is 175ft. long, 29ft. beam, 
draught 12 ft. 9in. forward, 14 ft. aft, the engines worki 
with steam of 400lb. pressure per square inch indicate 
800 horse power, and the weight of coal consumed was 
14 lb. per indicated horse power per hour ; the vessel was 
propelled at a speed of Thirteen miles per hour. The 
ccmaengeen of coal on the trial was therefore 1000 lb. per 

our. 

Now I have no hesitation in asserting that a set of com- 
ound engines of the ordi construction at the present 
ime, working with steam of 701b. pressure per square inch, 

and indicating 500 horse power on a consumption of 1000 Ib. 
of coal hour (the same amount as with Mr. Perkins’s 
engines), would certainly propel the steam yacht Wanderer 
at the same speed, or thirteen miles per hour. 

Where, then, I am led to ask, are the important eco- 
nomical results spoken of in the report if 1000 lb. of coal 
are required with steam of 400 1b. to produce only the same 
results as 1000 1b. of coal with steam at 70 Ib. 

It is thus manifest that it is not sufficient to divide the 
indicated horse power into the weight of coal consumed per 
hour to arrive at an accurate conclusion of the economical 
results obtained ; but that in this instance, as in all others, 
the amount of work done, or the useful effect produced, 


must also be considered. 
To my mind it a rs from the data given of the trial of 
the steam ht Woaluren: where 800 indicated horse 


power produced only a speed of thirteen miles per hour 
whereas they should have been capable of producing a 
of about m miles hour with com: 


wi 
engines ; that the use of steam of 400lb. pressure must 
produce excessive friction of the working parts of the en- 
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ines in contact with the steam, thereby seriously diminish- 


ing the effective power of the , or the useful effect 
available for the ion of the vessel; and to this must 
be added the furt drawback of increased wear and tear 


due to the excessive friction. 

Possibly in the future these defects may be greatly re- 
duced ; but at present, from the data under consideration, 
I see nothing to justify the necessity of a revolution in ma- 
rine engineering ; or it may prove, like most revolutions, 

dangerous proceeding without any beneficial conse- 


a P 
quences. : 
I am, Sir, yours, &c., 
Wn. Bury. 


5, New London-street, London, E.C., May 27, 1879. 


SEDLEY’S BRIDGE. 
To THz Epiror or ENGINEERING. 

we ap recent — ou Hy wey cy Fey 
sketchy and immature design for a ‘‘ Tower ge,” bya 
Mr. Sealey. I should like to know on what grounds Mr. 
Sedley bases his claim to have special proprietary rights in 
the cantilever and central girder system of construction. 
He must be a <ouy old gentleman if he can sustain 
his claim, because, so ago as the beginning of this 
century, Turner, in the history of his embassy to Thibet, 
illustrates and describes a bridge on this principle which 
had even then been in existence 140 years. I quote from 
his work: ‘‘ The bridge at Wandipore is of singular light- 
ness in its ap ce. The span, which occupies two- 
thirds of the th of the river, measures 112 ft.: it 
consists of three parts, two sides, and a centre, nearly 
equal to each A quadruple row of timbers, their 
ends being set in the masonry of the piers, support the 
sides, the centre part is laid from one side to the other.”’ 

Having reference to the materials employed, this bridge 
is infinitel more scientifi designed than anything pro- 
posed in Mr. Sedley’s original specification. The cantilever 
portion in the engraving looks like the half of a railway 
wagon spring, the ‘‘ quadruple row of timbers’ being ar- 
ranged in ‘* leaves,’’ the bottom leaf projecting about 10 ft., 
the second 20 ft., the third 30 ft., and the fourth 40 ft., 
and the whole are Jjoggled together to get tke full benefit of 
the depth of the cantilevers—which are four in number in 
the width of the bri The central girder is just made 
up of a few light resting on the ends of the canti- 
levers. 

In a work published in 1811, at New York, the author, 
Mr. Pope, remarks that ‘‘the construction of the above 
bridge differs widely from al! others cited, and that it does 
indubitably possess from sundry causes a considerable 
8 h for a plan so simple tofurnish.’’ The system was, 
therefore, known and appreciated in the Old and New 
Worlds as early as 1811. 

Mr. E. W. Young, who, I believe, at one time claimed 
the cantilever construction pure and simple without the 
central girder as his child, was, it may be safely assamed— 
unless Mr. Young is very different to what his name would 
imply—similarly anticipated, because the said Mr. Pope 
exhibited a model to a scale of } in. to the foot of his pro- 
posed cantilever bridge to cross the East River by a span 
of 1800 ft. at the point where Roebling’s bridge of 1600 ft. 
span is now being constructed. The model cantilever 50 ft. 
long was tested with a weight of 10 tons on the end, and 
the whole thing was thoroughly advertised in the New 
York papers. The engineers of the St. Louis and the 
Douro bridges, who take some credit for erecting their 
big arched ribs without scaffolding, must similarly haul 
down their colours to Mr. Pope, for the latter warbles 
thusly with reference to his East River Bridge : 


** Each semi arc is built from off the top, 
Without the help of scaffold, pier, or prop ; 
By skids and cranes each part is lowered down, 
And on the timber’s end grain rests so sound. 
Sure all the bridges that we’ve ever built, 
Reposed their weight on centre, pier or stilt ; 
Not so the Bridge the Author has to boast, 
His is sure to save such needless cost, 
A on each side is lowered down, 
And shifted from the fulcrum to the crown,”’ &c. 


Yours obediently, 
Lnvene-Asunenan. 


SrupENTs OF THE INSTITUTION oF CrIvIL ENGI- 
NEERS.—The fourthannual dinner of the Students of the 
Institution of Civil Engineers took place at St. James’s 
Hall, London, on Friday evening, May 23rd, Mr. J. F. 
Bateman, F.R.S., President of the Institution of Civil Engi- 
neers, in the chair. Mr. Forrest, secre » Was also 

resent together with many old stadents. In the course of 
fis remarks the President stated that the Institution of 
Civil i was one of the oldest scientific societies in 
the country, the number of its members now being nearly 
3000, so that it was impossible to describe the limits to 
which this body might hereafter attain. He said the pro- 
fession of a civil engineer was a scientific and an arduous 
one, but the members of the Insiitution were gratified by 
the promises of in many of the students. The 
older members had few advan for | 








tages. learning their pro- 

fession compared with those which students now possess, 
and had chiefly acquired their knowledge through that 
and energy which characterises Englishmen. 

He said that the object of a student of the Institution should 
be the application of those principles which he had learnt 
at or college ; he did not believe in theoretical engi- 


neers, neither did he believe in practical engineers without 
scientific principles, but in the happy combination of both. 
He said that as long as the country was prosperous there 
would be ty of work for i to do, and he con- 
cluded by hoping that the S ts of the Institution of 
Civil i would maintain the honour of their 


country and the glory of this engineering age. 


EAVE’S DEADWEIGHT SAFETY VALVE. 
WE subjoin an engraving of Eave’s deadweight safety 
valve, which was exhibited by the makers, Sir John 
Brown and Co., at the conversazione of the Institution of 
Civil Engineers last Monday. The valve is formed of a 
true sphere made sufficiently large in diameter to be 
capable of being moved round by the attendant, so as to 
present a fresh face to the seating, and which can be so 
moved a number of times without any one face intersect- 
ing another, thus enabling him to start again with a 
tight valve each time the ball is moved. The cage or 
frame for carrying the weights is suspended by means of 
a concave centre-piece lined with soft metal, which, while 
—— the ball from injury, allows the weights to 
ang perfectly free and plamb. This concave centre- 
piece is also carried low enougk, and in such a manner as 
to form a projection or lip for the escaping steam to play 
against. A cup being formed at the top of the stand- 


diy, 


| Vln. 


ZY 


as 
a 


: 


SN 


Wl, 
M9 


7 


SSS 


fi 


B 
MMOH 


ZZ 





NN 
\ 








pipe immediately underneath the ball, the escaping steam 
plays upon the lower hemisphere of the ball, and also 
against the projection or lip before mentioned, thus 
creating a lip opening sufficiently great to allow the 
steam to escape as fast as the boiler can generate it, and 
this with an exceedingly small increase of pressure. 

The valve has no parts about it to cause friction, and 
hence it is extremely sensitive, and it is impossible for it 
to get fast; it- also possesses the advantage of closing 
within a few ounces of the pressure at which it com- 
mences blowing. A lever is provided for lifting the 
weights, so as to enable the attendant to blow the steam 
out of the boiler quickly should necessity compel him to 
do so. This lever being detached during the ordinary 
working of the valve, one is sufficient for any number of 
valves of the same size. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Miners’ Wages in South Yorkshire.—Mr. Thomas 
Ellison, judge of the Sheffield County Court, has given his 
award in the arbitration P ings respecting the wages 
of colliers in South Yorkshire, and East Derbyshire will 
likewise be affected by the decision. Some time ago the 


12} per cent. on steam coal and 7} per cent. on Silkstone, 
and as the men refused the concession a lock-out in the 


ferred to arbitration, Mr. Ellison being umpire; Mr. 
Baxter and Mr. A. Chambers (Messrs. Newton and 
Chambers) arbitrators on behalf of the masters ; Mr. Lloyd 
Jones and Mr. Stansfield (secretary of the South Stafford- 
shire Union) arbitrators on behalf of the men. There have 
been two sittings before the umpire, and in certain portions 
of the proceedings allusions of a very nal c ter 
were e on each side. Mr. Ellison’s award is a very 
lengthy one, but he concludes by saying, ‘‘ Having taken 
into consideration the matters referred to, having 
ota the documents laid before me, and having fully 

eard the parties on both sides, I have come to the con- 
clusion that the demand made by the owners to reduce the 
wages of the miners is not made out, and I therefore award 
and determine that there should be no present reduction in 
the wages of the miners within the area of this arbitration.”’ 
“‘ This award is not intended and should not be construed to 
restrict or in any way interfere with the right of the 
owners to close at their discretion all or any of the collieries 
within the said area.’”” We are informed on good authority 
that since the above award was given a large number of 
the coalowners in this district have determined to close 
their pits and force a reduction. There is a probabilit; 
of this being done in the form of a combined actien, an 
then a general lock-out would ensue. Silkstone coal is only 
fetching 5s. a ton on the pit banks, and the miners’ wages 
are at the rate of 6s. a day for hewers and an average of 
5s. ld. per day for all hands employed in the pit. 


Proposed New Line of Railway into Hull.—A number 








of wealthy and influential capitalists of Hull and the dis- 


coalowners demanded a reduction of wages to the extent of | Pre 


district was threatened. Ultimately the question was re-| Fy 


trict are associating and making preliminary arrangements 
for the purpose of establishing a new line of railway into 
that town. The North-Eastern and Manchester, Sheffield, 
and Lincolnshire Railway Companies are the only ones 
which at nt have lines running into Hull, and a new 
company in opposition to them is contemplated. It is pro- 
posed that the new line should start at the east of the 
town, and additional docks are to be constructed there in 
connexion with it. Taking a course due east, and after- 
wards south-west, the line will cover a large district not 
se touched by existing railways, and will be carried on to 

ey An opposition to the scheme will undoubtedly 
be conducted by the North-Eastern Company, but it is 
held that there is a necessity for the construction of the 
new line if the coal, iron, and heavy trades in the district 
it traverses are to be fully developed. 

The Frith University.—Prince Leopold has signified his 
willingness to open the Frith University, Sheffield, in 
October next. It is a building erected by Mr. Mark 
Frith at a cost of 20,000/., and endowed by him with 5000/. 
more. The university will be devoted to the education of 
clever boys who have passed through the elementary schools, 
and students who have passed through the extension course. 
It will enable the latter to obtain their degrees, as it 
is affiliated to Oxford and Cambridge. Lecturers from the 
university will attend it. The university is one of a block of 
buildings that have been devoted to three separate purposes, 
but in reality the buildings forma continuous line of archi- 
tecture from Bow-street to Fargate, and they will be the 
most imposing pile in the town. The three buildings are 
the central school for higher education, the new offices of 
the Sheffield School Board and the Frith University. The 
buildings are of iron, and the entire ironwork used is of 
Belgian manufacture, which has been delivered at 20 per 
cent. less money than is charged by local manufacturers of 
the same material. 


The Engineering Trades of South Yorkshire.—The 
amount of depression which at present exists in the engi- 
neering trades of South Yorkshire, has never previously 
been experienced, and business is reported to have fallen off 
fully 50 per cent. during the past year. Some balance- 
sheets recently issued prove these estimates to be correct. 
The competition of the south houses is also very damaging. 
The boilermakers are receiving 2s. a week more wages here 
than in Lancashire. 








AMERICAN BripeGe Buritp1na.—In a late address on the 
public works of the United States, M. Malezieux, of Paris, 
complimented American ‘engineers upon their skill in 
building bridges of large span, and observed that other 
nations —_ borrow many useful hints from. them in 
regard to the use of compressed air in laying foundations. 


THe INSTITUTION oF CiviL ENG@INEERS.—At the 
twenty-fifth and 5 ogg eg re of this Society on 
Tuesday, the 27th of May, . Bateman, F.R.SS., L. and 
E., President, in the chair, it was announced that the 
Council, acting the provisions of the bye-laws, had recently 
transferred Messrs. Walter Raleigh Browne, M.A., 
Albert Brown Ghewy, José Manuel Farfan de los Godos, 
Richard Reader Harris, William Benjamin Leggatt, Ed- 
ward John Theodore Manby, George Wilson Stevenson, 
Charles Robert Western, and Charles Henry Wilkes, from 
the class of iat bers, and had admitted 
the following candidates as students of the Institution, 
viz.: Messrs. Percy Baylis, Charles Walter Carrington, 
Francis Alfred Cooper, Percival Fowler, Charles James 
Henry, George Montague May, John Thomas Morkill, 
William Milner Nelson, John Seabury O’Dwyer, George 
Gilbert White, De Kay Winans, and Robert Wade Wright. 
The last ballot of the session resulted in the election of 
twenty-seven candidates, of whom four were members, 
viz.: Messrs. David Wilkinson Campbell, Chief Locomo- 
tive Superintendent of the East Indiar Railway ; Charles 
Swaine Fahey, Ex. Eng. P.W.D., India; Alexander 
Blackie William Kennedy, Professor of Engineering in 
University College, London; and Benjamin Sykes, 
ston ; nineteen were associate members, viz.: Messrs. 
George Rudolph Bodmer, Stud. Inst. C.E., Erith ; Wilfrid 
Swanwick Boult, Birkenhead ; Frederick Latham Brown, 
Eng., P.W.D., India; Augustus John Darling 
Cameron, Westminster; James Crosbie, Engineer of the 
Bolivar Railway, Venezuela; Alfred Joseph Goldsmith, 
Assistant Engineer of Harbours and Rivers, Brisbane ; 
Joseph Richard Haines, Stoke-on-Trent ; Thomas Harnett 
Harrisson, Liverpool; Stephen Horsley, P.W.D., Travan- 
core; James oux Hudson, Bennet’s Hill; Arthur 
Cameron Hurtzig, Stud. Inst. C.E., Hull Docks ; Alexan- 
der MacGregor, Stud. Inst. C.E., late Resident Engineer 
of the Southern of Ireland Railway; Edmund Albert 
Parsick, Assist. Eng. P.W.D., Calcutta; John James 
Potts, Egremont Ferry; Alfred Eley Preston, Stud. Inst. 
C.E., Camborne; Thomas Anton Skilliter, Knutsford ; 
Henry Robert Smith, Resident Engineer, Portsmouth 
Waterworks; Alexander Wallace, Canadian Pacific Rail- 
way, Ottawa; and Samuel Robert Wilkes, B.A., Stud. 
Inst. C.E., Westminster ; and four were associates, viz., 
Messrs. Templeton Hawkins, LL.D., Spring- 
veg Geo Ernest Moberly, Clapham Common ; 

ames Messin, Bente and Robert Warner, Cripplegate. 
In closing the meeting the President stated that during 
the session just terminated 68 associates had been trans- 
ferred to the class of bers, 60 bers and 180 asso- 
ciates, of whom 40 were previously students had been 
elected, and 153 students had been admitted. Since the 
same date last year there had been a net increase of 
84 members, 59 associates, 74 students, and 1 honorary 
member. These several classes now numbered 1156, 1829, 
598, and 17 respectively, together 3600, as against 3382 
twelve months ago, being an increase at the rate of 64 per 
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structed the first of this class of telephone. For his trans-| signalling key in the ordinary manner, but the passing 
ARTICULATING TELEPHON ES. 3 mitter he employed a conical tube, smaller end of which pom | interrupted at each vibration of the fork, when 
On Edison’s Electro-Chemical or Loud-Speaking was closed to a aullents membrane (see Fig. 1). inst the | it breaks contact with the light spring before mentioned. 
Telephone.* centre of this rested the extremity of a lig —— The receiving instrument consists of a soft iron fork, the 
By Conrap W. Cooke. at about the middle of its length, and perfectly free to vibrate. prongs of which are surrounded (but free to vibrate) by 
Tue first public announcement in this country of the end of this lever was kept in contact, when the bins wound with i wire. Close to the 


successful transmission of articulate speech to a distance, 
by means of electricity, was made by Sir William Thomson 
in his opening address to the Mathematical and Physical 
Section of the British Association, at the meeting which 
was held in the city of Glasgow in the year 1876. In that 
address occur the following memorable words, which 
will ever be associated with the early history of telephonic 


clence : 
ee I heard the words, ‘ To be, or not to be. . . there’s the 
rub,’ through an electric telegraph wire. . 


. This my own 





ears heard, spoken to me with unmistakable distinctness, by 
the thin, circular disc armature of just such another little 
electro-magnet as this which I hold in my hand. The 
words were shouted with a clear and loud voice by | col- 
league-judge, Professor Watson, at the far end of the 
telegraph wire, holding his mouth close to a stretched 
membrane, such as you see before you here, carrying a 
little piece of soft iron, which was thus made to per- 
form, in the neighbourhood of an electro-magnet in circuit 
with the line, motions proportional to the sonorific motions 
of the air. This, the greatest, by far, of all the marvels 
of the electric telegraph, is due toa young countryman of 
our own, Mr. Graham Bell, of Edinburgh, and Montreal, 
and Boston, now becoming a naturalised citizen of the 
United States. Who can but admire the hardihood of in- 
vention which devised such very slight means to realise the 
mathematical conception that, if electricity is to convey all 
the delicacies of quality which distinguish articulate 
speech, the strength of its current must vary onney, 
and as nearly as may be, in simple proportion to the 
pes of a particle of air engaged in constituting the 
sound.” 

_ With these words was introduced to this country an inven- 
tion, which within two years was destined to find an’enormous 
and world-wide application, and which was the first of that 
marvellous series of developments in physi science 
which have lately succeeded one another so rapidly, that it 
is well-nigh impossible to keep count of their number or 
to estimate the scientific value of their results. 

Long before ‘‘the hardihood of invention,’’? however, 
had deemed it possible to transmit articulate speech to a 
distance, investigators had turned their attention to the 
means of transmitting musical notes electrically, as a 
practical and useful mode of telegraphing signals. Four 
names stand out prominently in connexion with this 
branch of science—those of Reis, Varley, La Cour, and 
Elisha Gray. All of these experimenters followed the 
same principle by different ways. In all their systems a 
sounding body yielding a note was employed, the vibration 
of which serves to make and b contact, giving to a 
current of electricity an intermittent character, the number 
of interruptions varying of course with the note sounded 
at the transmitting end ; and the armature of an electro- 
magnet at the receiving station adjusted to respond to 
those impulses was arranged to communicate to the air 
the number of vibrations transmitted, and to reconvert 
them into sound, 

Reis’s Telephone.—In the year 1860, Philipp Reis, con- 








* Paper read before the Society of Arts. 





The upper 
a was not at work, with a stud connected with 


one electrode of the battery, and when the membrane was | T' 


thrown into vibration by sounding a musical note into the 
mouthpiece, its motion was communicated to the lever, and 
by its means contact was made and broken at each vibra- 
tion. The receiving instrament consisted of an electro- 
magnet, joined up in the circuit of the line from the trans- 
mitting station, and placed on a sounding box. An arma- 
ture, ——_ above it a broad, thin plate, faced the poles 
of the magnet, and was lightly suspended on a light frame. 


= | station, tuned so as to be affected o: 





When the instrument 
current transmitted by the vibrating contact breaker at the 


was operated, the intermittent 


transmitting end traversed the coils of the electro-magnet 
at the receiving end, and the armature with the plate 
attached was thereby set into corresponding vibration, and 
a repeated the note which was sounded into the traus- 
mitter. 

In the following year, that is to say, in the year 1861, 
Reis produced his second instrument, an illustration of 
which is shown in Fig. 2. From this illustration, it will 
be seen that the instrument is in two s—a trans- 
mitter, which is figured at the left of fi » and 
a receiving instrument R, shown on the right. The 
transmitter consists essentially of a membrane S stretched 
over a circular hole at the top of a cubical box A, 
in front of which, and opening into it, is a mouth- 
piece The membrane vibrating in unison with the 
impulses it receives from musical sounds played near it, 
transforms those impulses into a series of electrical currents 
by a simple make-and-break arrangement g, and these 
currents acting on the receiving instrument, which may be 
hundreds of miles distant, reproduce the corresponding 
notes, so that a tune played at one station can be distinctly 
heard at the other. 

Reis’s receiving instrament is founded upon the well- 
known phenomenon discovered by Page in the year 1837, 
that a distinct sound accompanies the demagnetisation of 
an iron bar placed in an electro-magnetic helix. It consists 
of a soft iron bar about the size of a knitting needle, sur- 
rounded by a helix of wire,{which forms part of a voltaic 
circuit with the transmitting instrument ; and, for intensi- 
fying the effect, both instruments are provided with sound- 
in rds or resonators. 

en notes are sounded into the mouthpiece, the 
membrane is thrown into vibration, and a platinum plate, 
attached to its centre, makes and breaks contact with a 
contact screw, and in so doing completes and interrupts an 
electric current which traverses the receiving instrument, 
the bar of which becomes magnetised and demagnetised at 
each complete vibration. By this means, the note sounded 
into the transmitter is reproduced by the receiver, the 
action of the two instruments being isochrenous. 

The amplitude of vibration of the membrane is too small 
to be seen, except by one person at a time. I have here, 
however, a means devised by Mr. Henry Edmunds, by 
which, I think, the various speeds of vibration due to 
different notes may be made apparent to everybody in the 
room. By placing this Reis transmitter in the primary 
current of an induction coil, I obtain a flash of light 
through the tube e time that the current is interrupted, 
and by causing the tube to rotate at a high velocity, a 
different figure will be produced for each note sounded into 
the transmitter. 

[This experiment was shown, and each of the different 
notes sounded into the transmitter produced a different 
luminous .] 

Varley’s Telephone.—One of the earliest of the musical 
telephones was that devised by Mr. Cromwell Varley, in 
the year 1870. In that apparatus a tuning-fork or vibrat- 
ing reed, in conjunction with an electrical condenser, was 
caused to transmit vibratory currents of electricity to a 
distant station, and there to reproduce musical soun It 
may be remembered that, a few months ago, & Wg 
on Mr. Varley’s principle was exhibited in London, being 
established between the Queen’s Theatre and another place 
of entertainment about two miles off. ; 

La Cour’s Telephone.—La Cour followed close upon 
Varley. His first experiments were at ‘ 
in June, 1874, at first on a short line, and afterwards over 
a le: of about 250 miles. His apparatus was extremely 
simple. Like Varley, he employed a -fork to repro- 
duce the interruption inthe current. This fork was placed 
horizontally, with its jecti h a wooden 


stand, and co’ with the 
i A light spring, ing with a 


the transmi line pass throug 
the coils around the fork, and thence th h the other 
pair of electro- . By this arrangement the 
of the fork acquire polarity opposite to that of the 
magnets, and are thrown into vibration at a rate d i 
upon the number of interruptions in the transmi cur- 
rent ; and a note, the counterpart cf that transmitted, is 
the result. 

py 2 Sb yin el re ein Coy repens ot Po 
more one, in w a tuning-fork or vi 
reed combined both functions of sound producer and con- 
tact breaker, as in Varley’s and La Cour’s instruments. 
When once adjusted, it only transmits to the receiving in- 
strament the number of pulsations of current per second 
due to its own note. The receiver, like that of Reis, is 
formed of a horseshoe magnet, with a heavy armature 
attached to its poles, and mounted on a ing board. 
A keyboard like that of a harmonium forms a of the 
transmitting instrument, which may be made to consist of 
any convenient number of musical contact breakers. It is 
on this principle that Dr. Gray has constructed his tele- 
phonic telegraph, in which four or more different —_ 
may be transmitted simultaneously through the same 
In this instrument there is a vibrator at the receiving 
nly by its correspond- 
ing transmitter at the other station; and, by employing 
intermediate receivers along a wire of different notes, the 
signals belonging to each are automatically transmitted, 
and the others are allowed to . 

All these instruments, ingenious as they are, were, how- 
ever, powerless to transmit the complicated vibrations of 
sound which go to make up articulate speech. Something 
more was required for the solution of this problem than for 


the conveying of simple musical notes. 

ime does not permit me on this occasion to attempt 
more than a hurried sketch of the rise and development of 
telephonic telegraphy, which is, moreover, somewhat out- 
side the subject which I have the honour of bringing before 
you this evening—that of the electrical transmission of 
articulate speech to a distance; and here I would say a 
few words on the general principles which control all the 
instruments of this class. It is scarcely necessary to re- 
mind you that all sounds, whether musical notes, articulate 
speech, or i r noises, are produced by the movement 
of particles of air forming sound waves, thrown into motion 
by the vibration of the body, from which the sound 
emanates. These waves travel onwards till they strike the 
tympanum or membrane of the ear, the sympathetic vibra- 
tions of which, acting through the auditory nerves, convey 
to the brain the sensation which is known as hearing. The 
three characteristic features of a sound, namely, pitch, 
force, and \ pat depend upon the dimensions and form 
of the sound waves propagated by it. The dimensions of 
a wave are (1) length determined by the number of vibra- 
tions propagated per unit of time, and it is this which 
determines the pitch of the sound ; and (2) amplitude, i.e., 
the depth of a wave measured from ‘‘ crest’’ to ‘‘ trough,”’ 
which gives to a sound its force or loudness. The form or 
shape of the wave is the path traced out by its progressive 
motion among the icles of air in which it is propagated, 
and may have infinite variations, and it is this feature of 
sonorous vibrations that gives to a sound its quality, by 
which all the complex variations of articulate speech, as 
well as differences of voice, are communicated to the ear. 
No illustration of the existence and power of these sound 
waves is 80 striking as that afforded by the phonograph of 
Mr. Edison. In this instrument the sympathetic vibrations 
of a diaphragm produced by sounds striking upon it are 
made to record their characteristic features on a sheet of 
tin-foil, which is caused to travel beneath a style attached to 
its centre, and which bears against the unsupported surface 
of the foil; and, as you know, so perf are the sound 


wavs imprinted bg it, that, when the tion is 
re , and the foil is again traversed beneath the style, 
the latter, finding its way into all the nooks and recesses of 


the imprinted record (treading, so to speak, in its own 
footprints), throws the diaphragm again into vibration, re- 
producing thereby, or rather repeating, the sounds, whether 
articulate or otherwise, by which the imprinted record was 
in the first instance produced. It is this astonishing power 
possessed by sonorous vibrations of imparting, to a suitable 


diaphragm, movements possessing all their own cha- 
racteristies, and containing, within the almost infini 
ee of their vibration, the vast varieties of form and of 
amplitude required to ace te speech. 


repreduce articula‘ 
he Thread Telephone.—The thread , the 
simplest of all, will serve to illustrate the mechanical trans- 
mission of sonorous vibrations. This instrument, of which 
I have an illustrative diagram on the wall, consists simply 
of a transmitting and receiving box, the end of each of 
which is closed by a stretched membrane, and the two 
membranes or diap ms are connected together by a 
thread or wire attached to the centre. Through this con- 
necting thread the motion of the one membrane is com- 
municated to the other, and sound waves =e * this way 
be conveyed, to a considerable distance, and ced 
— k.. the membrane at the other ead. Mr. J. W. 


out a series of very and 
valuable experiments on the transmission of sound by this 
means, and these experiments formed the of a 
read by that gentleman before the Ph * 4 
Millar found it easy to transmit minute and delicate sounds 


through a distance of 150 yards through a No. 26 copper 
* ‘*On the Transmission of Vocal and other Sounds by 








¥ pressure 
that can be adj one prong of the fork, was con- 
sected to the fine, ‘This instrument io worked by tho 
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wire, that is to say, a wire .018 in. diameter. To each end 
of the wire was attached a sheet-iron disc 3} in. in diameter, 
fastened ae 0: WERE — one + me Fnea With this 
primitive arrangement, breathing, whistling, singing, the 
sound emitted by a tuning-fork, and articulate speech, were 
freely transmitted. At shorter distances, words and sounds 
not spoken on the disc, but at one side of it, were clearly 
rendered, and it is remarkable that the sound was but little, 
if at all, interfered with when the wire lay upon the ground, 
or was in contact at short intervals with points of support- 
The diagram before you will illustrate fully the action of 
this class of telephone, and I think it will clear that if 
delicate sounds have of themselves sufficient power to set 
up so great a mechanical action in a sheet of metal through 
a oe of wire, far more perfect and useful results 
may be expected if the action of sound waves be confined 
~ to the vibration of the diaphragm, and another agent, 
such as electricity, be employed to transmit the message 
through the wire. 

Beli’s Telephone.—In the summer of 1876, Professor 
Graham Bell exhibited at the Centennial Exhibition of 
Philadelphia, to a favoured few, his articulating telephone, 
which elicited from Sir William Thomson the expressions of 
admiration which I quoted at the commencement of this 
paper. The form of the transmitting instrument is that 
which I now show yous it consists of a horizontal electro- 
magnet, in front of which and perpendicalar to the plane of 
its axis, is fixed a brass ring, over which a membrane is 
stretched, and which can tightened like a dram by 
means of the mill-headed screws shown; to the centre of 
this membrane is attached a small oblong piece of iron, 
situated immediately in front of, and almost in contact 
with, the poles of the electro-magnet ; the binding-screws 
on the stand of the instrument are used to place the coils 
in circuit with the receiving instrument, an illustration of 
which I now throw upon the screen. This was formed of a 
thick tube of soft iron, inclosing a vertical bar electro- 
magnet, rather shorter in le than itself, the two being 
so connected at the lower end that, while the central bar 
under the influence of the current assumed north magnetic 
polarity, the tube surrounding it b by induction a 
south pole of annular form. 





‘o the top of this tube was 
fastened, by a small screw, an iron disc about the thickness 
of cartridge paper, and this disc, under the influence of a 
voltaic current, was held firmly down by the annular pole, 
its centre being in front of the shorter central pole. It thus 
constituted a diaphragm held by its edge by magnetic 
attraction, its centre being presented to the north pole of a 
magnet as in the later receiver. The action of the instru- 
ment may be explained as follows: When sound waves are 
projected against the membrane of the transmitting instra- 
ment, the iron strip attached to it is set in motion in the 
manner I have already described, and plays to and fro in 
front of the poles of the electro-magnet in obedience to the 
impulses of the sonorous vibrations ; by this action a series 
of variations in the strength of the currents are induced, 
proportional to and synchronous with the variations in the 
movement of the membranes, and these variations are 
transmitted by the connecting wire to the receiving instru- 
ment, and are reproduced there and converted into sonorous 
vibrations by means of the diaphragm armature of the re- 
ceiving instrument. 
(To be continued.) 


IRON AND STEEL INSTITUTE. 
(Concluded page 450.) 

Proressor ABEL re that it fell to his lot to be 
one of the first criticisers, as well as one of those who first 
admired the Bessemer process, and the points that had 
been brought forward by the discussion of those papers 
recalled vividly to his mind those criticisms. The results 
of analysis showed beyond dispute one thing, that silicon 
and carbon could be most removed from iron, and 
that this removal could be brought about in to the 
carbon under perfect control. But analysis also showed that 
the sulphur and the phosphorus remained intact. It was at 
that time maintained and admitted by Mr. Bessemer that he 
could not remove the phosphorus from the iron, and this 
was the main objection of chemists to the . Upto 
a very recent period it had been believed that phosphorus 
could not be eliminated in the Bessemer converter, n 
because chemists were ignorant of the facts, that the same 
elements or the same method of action = possibly be 
brought to bear on the converter, as was the case in the 
puddling furnace, but because Saal were led to believe 
that it was i extremely difficult, if not impossible 
to bring these conditions to bear. He hi thought 
did not hesitate to at that distance of time that he 
thought and retained opinion that phosphorus could 
not be removed simply because it was a question of tempera- 
ture. The reduction in the puddling process was due to 
the fact that at the time of reduction 
the iron in which the phosphorus was contained, washed 

, 80 that the phosphoric acid was fixed 





it with the basics 
and could not be This had appeared to be an im- 
epee: | in the Bessemer converter, yet it seemed that 
this could be carried out by the Byssemer converter as in 
bw puddling yerenes, He would rere to  enawest that 
e question of temperature—the perature— 
amounted to this, that it was, after all, a mechanical con- 
dition of the iron that they had to deal with. That in the 
comparatively pasty, or thick fluid condition, with which 
the puddler has to do, be could bring the agent necessary— 
the basic slag—more omg Ae contact with the re- 
newed surface of the iron. i hosphorising of iron 
was to be carried ous © Cqaeered fe i 
be carried out except in 
i in the furnace, |because they 
to time the contact between the basic 
lining and the iron which was heated, and which rendered 
contact with the air not necessary for the exudation 
of the surface, but also for the rapid reduction of the phos- 


phorus by its contact with the iron. Therefore, he could 


quite conceive, and he was glad to hear Mr. Bell say, that 
whereas the iron might in time become very considerably 
dephosphorised by the use of the basic lining, the action 
must be very rapid, and very efficient when action of 
the basic slag was brought to bear in addition. His main 
object in offering these remarks, and being present, was to 
express his great gratification at the results obtained, after 
the lapse of years, with the Bessemer process. The one 
defect of the Bessemer process, which was formerly so 
strongly impressed upon them, ap now to be re- 
moved, and it was only a question of cost and mechanical 
appliances in order to bring the Bessemer process to a 
thorough application in connexion with metals of this de- 
scription. 

R. BARNETT made a few remarks, speaking of salt as 
a lining, when the President, called his attention to the 
— that his speech was not germane to the papers before 
them. 

After a few remarks from Mr. AniIstey, Mr. SAMUEL- 
SON observed that Mr. Parker, in calling attention to some 
of the difficulties of the process, said that the choice in 
many instances would, perhaps, be between an underblow 
and an overblow, and his principal object in rising was to 
ascertain before the discussion c! what would really be 
the after effect of an underblow the commercial 
article with which they had to deal, was to say, the 
finished rail. Mr. Bell said that which was well known— 
that, by the open hearth, rails had been produced contain- 
ing 6.2 cent., and more than 0.2 per cent. of phosphorus 

yok which had proved penag ore ty Mg be an 
serviceable rails. But all knew that, in order to obtain 
that result, it had been the practice at certain works—at 
Terre Noire—to add artificial impurities to correct the im- 
purities of phosphorus. They had present there that day 
gentlemen from France, who might be able to give them 
some information on that subject, but more especially they 
might be able to tell them what was the effect of phosphorus 
in manufact steel when those artificial additions had 
not been made. What hemeant was this, was it permissible 
to have 0.2 per cent. of phosphorus in rails without an 
addition of manganese and carbon? Was it possible to 
have rails of that 0.2 per cent. without an addition of 
manganese, because if that depended upon the presence or 
absence of a certain percentage of carbon, then he could 
understand that it might be possible to leave in a a 
centage of 0.2 or a little less or more phosphorus, and to 
produce soft steel from which the carbon had been exter-~ 
minated, and not to produce a steel of fit quality for rails. 
He wished to ascertain, and to get information on this 
subject in two ways. In the ee gg he wished to ascer- 
tain what our foreign friends had to on on the subject ; 
and in the second place, to elicit from the “ee who 
had brought the paper before them, and Mr. Richards 
what had been the after history of the ingots which had 
been made by this process. And for that purpose it was 
not necessary that those gentlemen should confine them- 
selves to the experiments of the a converter, but if they 
were kind enough to do so it would be useful to know what 
was the result of the after ingots in the smaller experi- 
mental converter, in which about 30 cwt. were operated 
upon. It would be satisfactory to know whether in those 
cases in which a mtage of phosphorus, which was 
generally not considered to be detrimental, had been left 
in the steel; whether it had been possible to allow that 
steel also to contain a sufficient percentage of carbon 
to produce a rai: capable of standing the tests of hardness 
to which rails were submitted by our engineers; and 
whether, when this phosphorus and carbon were present, 
whether the steel behaved as it should behave in the rail 
mill. That was a point of some importance, and which he 
should be very glad to have cleared up. e 

M. Pourcet made a speech in French, which was 
rendered in substance by Mz. SAMUELSON, who said that 
his remarks went to show that so far as his experience 
went, it had not been found possible as yet to produce good 
steel containing a notable percentage of phosphorus with- 
out its containing some manganese. He said, further, that 
he attributed the dephosphorising in the Thomas and Gil- 
christ process rather to the presence of oxide than to the 
presence of lime, and that this oxide of iron, he presumed, 


ot | would generally be formed by the process of blowing. He 


then went on to state in support of this that the phosphorus 
was removed to a certain extent in the process of refining, 
where no basic material was present. That, he thought, 
was in the main the substance of his statements bearing 
upon the process as now carried on. In addition to that, 
he stated his belief that probably an absolutely basic lining 
might not be necessary for the converter, that it might be 
ible to have a lining which should be more fusible than 
he basic lining as pro) by ) 
christ ; and he concladed by a compliment to the 
chemists and metallurgists, and his » that the 
process, which was most promising, but which, as it seemed 
to him, was still in its infancy, might by the time of their 
country meeting be so fully ‘savaged, that it might be 
possible to bring before us much more definite res: 
Mr. Kocu observed that he had under Dr. Siemens had 
ience with the bauxite lining. In dealing with 


lish 


some ex 
the puddling furnace and the Bessemer process, Ve 
dealing with two matters entirely distinct. In puddling it 


phorus out 


was a washing process ; it was getting the 
oftheiron. Bat in this , after the were burnt 
off and the carbon had , then the phosphorus, 


P 

which would give 6000 deg. of heat, was burnt, and meeting 
with the basic slag, the lime and the esia, it was there 
fixed. If they analysed the products of recent volcanoes 
they would find; that the greatest amount of phosphorus 
was where the largest amount of magnesian lime was to be 
found, and in this way the phosphorus was fixed. He had 
had the opportunity of making some rai 

containing phosphorus, and they worked with 0.3 of phos- 
phorus wih tie eamban, one's certain amount of manga- 





nese. In fact, phosphorus was an advantage with, say, 





Messrs. Thomas and Gil- | num 





0.3 of it, and they would certainly make a much harder 
rail with it in that condition than they did at present. 

M. GREINER remarked that they had at that meeting a 
great number of authorities from France, Germany, and 

elgium, and therefore it might be taken for granted that 
greatim portance was attached to the new invention. This last 
month M. Griiner, the well-known French metallurgist, in 
writing upon the subject of dephosphorising, explained with 
oe clearness the present state of opinion, and his pre- 

erence for one of three processes—that of Krupp, Bell, 
and Thomas and Gilchrist. Without doubt his preference 
was for the last process, and from what they had heard, 
and from what i knew, the time for dephosphorising 
was very near, and it would be soon said, how was it 
possible that the thing had not been discovered before? If 
he believed some of their members, the time of iron was 
over ; and such a revolution in the entire steel trade had 
never been seen before. They must remember that it was 
agen make even good steel from good pig iron. 
They must go on carefully and with prudence. As to the 
mysterious eracks which they had heard of, possibly an 
explanation might be found, if they were to go into the 
shipyards and see how the plates were knocked about—they 
were fingered with such nimbleness that he was astonished 
more by the confidence of those people who used them than 
by their cleverness. During a long time er steel 
works had been adapted oecially for rail making. But 
steel rails and steel tyres not wear out, and now the 
steel works, of necessity, were applying themselves to make 
other things than they did. Therefore, they must think 
of utilising the steel in other directions. In the interest of 
science, and also in the proper interest of the inventors, 
and in the interest of steel makers, he advised them not to 
go too quickly in a trade with this product, because it might 

0 an enormous amount of harm if they sent out an 
article that did not answer to all the requirements. 

M. JoRDAN said that he was somewhat anxious about 
the overblew in the new process. It had been said by some 
members‘already, that it would be a difficult part of the 
operation, and that it would be much better to drive out 
the phosphorus before the end of the carbon, and in 
the French paper it was shown that one French 
steel maker had tried something in that way. He had 
tried to drive out silicon in the ordinary way in 
the Bessemer converter with a silicious lining. And 
after the silicon had been burnt he had tried, by pouring out 
the metal into the converter lined with magnesia, to drive 
out the phosphorus, and it had been found by metallurgists 
that phosphorus had been driven out before decarbonisation 
in this way. The important thing was, the best way to 
obtain the lining, and when.that had been commercially 
effected, as it must be, all works would be formed for de- 
phosphorising either in one converter or in two converters, 
one with gannister lining and the other with lime lining. 

M. Scunerper, of Creusét, said it needed the assurance 
of the President to induce him to speak on the subject, 
and what he had to say would be chiefly to ask questions. 
It seemed to him that even after the able discussions that 
they had listened to these last two days, after the elaborate 
papers that had been read before them, after the explana- 
tions that had been given them by most learned and practical 
men, there was still something to be desired in the know- 
ledge which they, as foreign members, haye yet obtained of 
the new process laid before them. They d heard much, 
but they had not yet, perhaps, obtained a snfficiently 
accurate knowledge of the full particulars that are requisite 
in this question. Therefore, he should like to put a few 
questions of a practical character—that are more of a 
practical character than of a scientific one—and he hoped 
they would be answered by Mr. .Richards and the gentle- 
men who had brought forward the new system in order 
to throw some light on the subject. He should like to 
know (perhaps they are not fair questions, perhaps there is 
a certain amount of indiscretion in them, but still he should 
like to know) exactly the figures, the weight of metal, and 
the weight of pig iron that has been tapped into the con- 
verter for each operation; the weight and composition, 
the exact additions, the weight of ingots, and the weight of 
slag- Besides that, be wanted to have the complete 
analyses of the wrongag bey ee Tod metals, of additions, 
of ingots and A swog ey did not know exactly what was 
the lining employed, and he should like to be enlightened 
upon the history of the products used during the proceed- 
ings ; and he should like to know the shape of the ingots, 
the exterior aspect of the ingots, the skin of the ingots— 
whether there were any honeycombs, and what was the 
disposition of them? And if some’ could trace on that 
black a sketch of the ingots, he should feel much 
obliged. Besides all that, he wanted to know, out of the 

r of pee which had been made, how many good rails 
had been rolled, what had been the shape of the rails, and 
what was the number refused, and the exact causes why 
they had been refused. He saw that if his questions 
might have seemed indiscreet to persons s ly concerned, 
they met with a certain approval from the meeting. But 
he would ask another question, and, perhaps, less of a 
Eacies and more of a technical character. They had 

eard much of phosphorus; all their attention had been 
directed to the elimination of phosphorus, and to dephos- 
phorising, and all that sort of wang. But there was in the 
case of many of his fellow iron-workers, another substance, 
which he should call a much more inconvenient one than 
the phosphorus, and that was the sulphur, and that was 
menti: in Mr. Snelus’s paper. Mr. nelus told them of 
dephosphorising; he did not say so much about desul- 
pharising. He should be much indebted to him if he would 

oa little more into that question, inasmuch as he, (M. 
Schneider ) had opportunities of ting at experiments 
made in fan tp M. Ponsard, and in experiments, 


which were upon the same principle of basic as 

in the actual operation of the Bessemer process, the dephos- 
was almost complete, and a ee a was 

obtained in that respect. But they m . 
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the experiments, to find that there had been no desul- 
phurising, or nearly none. He remembered the figures— 
the percentage of sulphur in the pig iron that he had sent 
from Creusét to Thy-le-Chiateau was 0.43. In the pig metal 
and the metal finished after the operation (he did not call 
it steel or iron, he called it metal) the percentage of sulphur 
remained 0.26, and the metal itself was utterly unsaleable. 
It may be that for many descriptions of pig metals of inferior 
qualities the sulphur is as greatly inconvenient as the phos- 
phorus for obtaining a metal of sufficient quality to be 
used commercially, and he dared say that if dephosphorisa- 
tion only is attained by the actual process, and not de- 
sulphurisation, it will not be complete. 

The PREsIDENT (addressing Dr. Bendar of Krupp’s 
works) said it was anything but a secret that by the oxide 
treatment, or by some other method, a great deal had 
been done at Essen in the way of dephosphorising, and 
the meeting would be glad if he would give them the 
results, and how these results had been achieved. 

Dr. BENDAR said he had not much to tell ; all the par- 
ticulars were given in the specification of the patent. He 
did not expect to be called upon, and therefore did not 
bring the figures with bim. Bat, perhaps, at their next 
meeting, he would be able to do so. 

Mr. HELMHOLTZ, of the Bochum Iron Works, observed 
that Mr. Samuelson had asked for some information about 
phosphorised steel. He never made a trial to make phos- 
— rails ; but he had made phosphorised sleepers, and 

e thought it much better to make a sleeper with phos- 
phori steel. In making the sleeepers he was most 
anxious to find if there was not any special effect when the 


phosphorus came again to be high heated. He heated the | a 


sleepers without working them after the heating, and they 
were extremely cold short; that required similar re- 
heating. The bending tests were so much better the more 
he rolled them cold, and this was the reason he did not g° 
further on with them. Besides this, there happened to 
some cases where he got sleepers cold short, not resisting 
the bending without re-heating. Then he returned to the 
first plan, and they make them now with 14 of f ease 
and they consider it the safest way. Mr. Pourcel had 
om: of the presumed influence of manganese in blowing 
phosphorised charges. They in Germany take c 
containing manganese 2 per cent. That they like most. 
(Here the speaker made a diagram on the black board, 
showing the position of the lines of silicon and the lines 
of manganese, and stated that the oxidisation of the 
silicon was greatly impeded by the manganese). If they 
were not converting Cleveland iron, but iron containing 
manganese, he thought his remarks would probably have 
given them something new. 

Mr. CARNEGIE, of Pittsburgh, U.S.A., was called upon 
by the President, and said: It was with no intention of 
giving them the slightest information on the subject under 

iscussion, that he had risen up, representing America, 
for one very good reason, that his a was not the 
problem of dephosphorising of iron, but it was to try to 
roduce a profit out of the converter—a problem of no less 
ifficulty in these times. Under these circumstances, 
therefore, they must excuse him if he did not contri- 
bute anything whatever to the elucidation of the important 
question under discussion. But such was the position which 
the Iron and Steel Institute of Great Britain had now ob- 
tained, that no matter what portion of the world they 
were in, when it is known that they are about to take up a 
subject like this, iron-makers fly to attend their meeting. 
Even the capitalists are no longer refraining from taking 
part, and they get close by the laboratory now, to get the 
slightest information of what the chemist has to say, and to 
know whether, on the genealogical tree of the history of 
steel, there is to be inscribed with the illustrious names of 
Bessemer and Siemens the rising stars of Thomas and 
Gilchrist. He had hoped with his friend Mr. Bell to have 
made an advantageous arrangement to out in their 
works in America the process, which was likely to come to 
a success in the hands of Mr. Bell. They pay the tribute 
of imitation. He had heard, he thought, enough in their 
discussion not to satisfy him, but to lead him to believe 
that we are on the eve of a most important step forward in 
the manufacture of steel. The details he left to the able 
men he had heard here, quite confident that the solution 
will be arrived at before long. A + statesman had re- 
cently asked them to dissipate preja ice, and to make efforts 
to bring about good fellowships. He believed the answer he 
received was not satisfactory. He would tell them what 
England had done recently. The Institution, surmounting 
prejudice, surmounting the narrow barriers which divide 
them, had sent its Bessemer medal to America. He said 
that that one act does more for the trade, and more for 
the prosperity of Great Britain—such acts as these do 
more than all the jealonsies and quarrels that the world 
appears to be engagedin. He knew Mr. Cooper, and there 
was no more fit person to receive their m than he is ; 
and he knew that he felt highly honoured at the distinction 
conferred upon him by the Iron and Steel Institute—their 
neighbours on the other side of the Atlantic; and not a 
member of them but will 
comes known. They deeply appreciate what had been done, 
but the greatest honour involved is the honour which the 
had covered themselves with in overlooking prejudice, an 
nowiag that where they find merit there they bestow their 
onours. 

The Presipent said: Before they adjourned for lun- 
cheon, he had to communicate to the Institution a most 
important matter, which he took this time to relate to 
them partly because they might have to sit a little late 
this afternoon, and perhaps a good many of them would 
have gone by the time they closed the discussion. For 
these reasons he asked permission now to read to them a 
communication that had come to the Council without ex- 
pectation, and gaye, he need not say, the highest possible 
errr ag to them, and would to all the members of the 

ution. 


He should, without himself attempting to 





be highly gratified when it be- | part 





describe it better, serve the ere he had in view, viz., 
to give them the clearest and best information upon the 


subject, to them the .offer itself as it came to 
the Council. It was from their ex-president, Dr. Siemens, 
and it was as follows: “It having recognised by the 


members of this, as well as of other Institutes, that it 
would be desirable to have a building of sufficient capacity 
to represent the societies cultivating the various branches 
of applied science as was suggested in my inaugural address 
to the Iron and Steel Institute in 1877, { moved that the 
Committee then appointed to promote that object, and to 
confer with other societies, be Ug ay with the view 
of giving effect to these efforts. I hereby offer to give the 
sum of 10,0001. in aid of the construction of such a build- 
ing on a suitable site at Westminster, the work to be car- 


ried into effect under the supervision of a joint committee 
to be presided over by the ident of the Institution of 
Civil ineers, or his representative.’”” Such was the 


offer that came before the Council, and the resolutions of 
the Council thereon were as follows. To these resolutions 
he asked their occurrence and approval, and he did not 
doubt that they would be given very freely. It was a 
unanimous resolution of the Council held that morning, 
viz., ‘‘That the Council gratefully accept the munificent 
offer made by Dr. Siemens to subscribe, on behalf of this 
Institution, the sum of 10,0001., towards the erection of a 
building suitable for the accommodation of the various 
societies ns prapeene | applied science in the metropolis, and 
recommend its acceptance for the confirmation of the mem- 
bers. That the Council in that first step towards this 
jae ei appoint a committee of their number to consider 
nd report upon the most practical mode of working out 
the ae oe of Dr, Siemens, and to confer thereupon with 
the Institution of Civil Engineers, the Mechanical Engi- 
neers, the Naval Architects, and the Society of Telegraph 
Engineers, and such other bodies as represent applied 
science as may suitably be included in the project.’’ He 
took it from their applause that’ they unanimously ap- 
proved of that project. That they could otherwise than 
approve and be grateful for the munificent offer of Dr. 
Siemens he did not doubt. It was an instance of a highly 
scientific man coming forward in the most generous way to 
help the progress of science omeehy providing for it a 
place in which the members of the different societies can 
meet. They, as all knew, were always beholden to the 
Institution of Civil Engineers for a meeting place in 
London. They had no home of their own, and they had to 
apply to them for the use of their room. How generousl, 
an ane oe mage vey eure responded to the call he 
not explain to them. He never doubted that the present 
Institution of Civil Engineers would meet them in the 
most friendly and generous manner, but he had sometimes 
felt that the call was more than it was reasonable to make. 
But that distinguished Institution did not think so, and, 
as the meeting were well aware, it had always received them 
very readily, and Poe at their own disposal the whole of 
their building and the appliances belonging to it. He did 
not know whether this might not be a proper occasion for 
proposing to the President and Council of the Institution 
of Civil Engineers the best and warmest thanks of the Iron 
and Steel Institute for the use of their room on this occa- 
sion, as well as for the excellent treatment that the 
always meet with at their hands, and the readiness wit 
which they always come to their assistance. He knew the 
Ciyil Engineers would gladly join in this project, but as 
far as he knew no communication yet been made to 
them. They had had a communication from the Govern- 
ment that some day or other their house would be pulled 
down, and that they had better be looking out for some other 
lodgment in its stead. The building and all its belongings 
were wholly inadequate to the purpose of the Civil Engineers. 
They have no room in which they can meet, and the Presi- 
dent, when he desires to meet the members in a body, has 
to apply for accommodation at South Kensington, which 
he always gets. But as this building was very inadequate 
for the purpose of the Civil Engineers, he had no doubt 
that the Institution would be the more ready to move 
off to a more commodious building, in which, to the 
great kindness and noble gift of Dr. Siemens, they, he was 
glad to say, would have a lodgment also. He say no 
more than this, that on behalf of this Institution, they very 
deeply feel, and fully recognise, the munificent offer Dr. 
pare made to them, and they were very glad to 
accept it. 

Mr. Bex: Perhaps they would allow him to second the 
resolution just submitted to the mee to thank the 
Institution of Civil Engineers for the use of their apartment 
during their yes and previous meetings, and at the same 
time he would take the bg eg as being one of the 
founders of the Iron and Steel Institute, of recording his 
deep sense of gratitude to Dr. Siemens for his most muni- 
ficent offer. No doubt they could measure, in a eye | 
point of view, the immense advantage to them which wil 
accrue from the very kind offer of our ex-President, but it 


seemed to him that the act carried with it even greater 
consequences than that. It would show to the world on the 
of a gentleman, who was well a t 
the value of their members, how earnest they were in their 
work, and he had no doubt that the act i would be re- 
ed by the public at large in that light. He had al 
ought that there was something almost undignified in the 
fact that a great body like themselves should be indebted to 
any one for hospitality such as they received, and which, as 
was very properly stated, was 80 generously given on the 
part of the Civil Engineers. But as he said before, it was 
somewhat undignified in their Institution, numbering, as it 
did, nearly one tho ,» that it should have no apart- 
ment of its own. They would remember that it was 
thought proper, as a record of their formation, that a por- 
trait of their first President, his Grace the Duke of - 
shire, should be taken as a record of their birth. At that 
moment, for the want of such accommodation as to that 
which he had referred, they had actually to ask for a 


lodgment for that portrait with the Institution of Civil 
pe Fg? Whilst he seconded the motion, he wished to re- 
cord his deep sense of gratitude for the gift of Dr. Siemens. 

Dr. Stemens only wished express his satisfaction 
at the kind manner in which they received his offer. This 
offer had been dictated by the feeling that there was a great 
want of such a building —a building in which those societies 
representing applied science should come ther and have 
records about them, and should have all their books, and 
have the means of bringing before the meeting certain 
simple experiments to elucidate the subjects brought 
forward ; and have also the feeling that they were withi 
their own walls, and that they all worked ther for a 
common object. He thought there was some reason to have 
applied science brought into one room more than abstract 
science. Abstract science is now presented in one building 
in Burlington House, yet there was not one to represent ap- 
spent; aad bleh ha lapak tthe peoneced ho Mad ino, 
about, w pro} e made, 
would lead to a Sarthe. ye usion, . 

After luncheon the discussion was resumed, and aftera 
few remarks from Mx. CowPer, Mr. Henperson said he 
had only a few practical questions to ask, and some of those 

peared ohn thet Le gee bf ie et whi h 
a a great many of the questions whic 
M Schneider had asked as to the position of matters, which 
were only in the experimental ‘state, were such as it would 
be impossible to answer at present, seeing the thing was 
inits infancy. He thought so in reference to his own ques- 
tions ; still the point he wished to raise required to be set 
at rest. The first point was what was the limestone actuall 
used in producing those bricks, which, after it was 4 
shrunk to such an ordinary extent that there would be 
bare sod Sor gy bag An analysis had been given of 

limestone, which, as he remembered, contained 7} per 
cent. silicon 34 Fey cent, alumina. The question he 
asked was whether the presence of alumina silicon was 
necessary, because if it was, it would be rather difficult to 
find limestone all over the country containing that 
quantity of silicon, and also containing alumina; and 
whether, if it were necessary for those constituents to be 
present, it would do to add them artificially. Common red 
Fa “or ol ps Bagong rele ith these oituen ts ; 
iron ; wil constituents ; 
and he asked whathee, cane those constituents to ordi- 
mountain limestone, they could thus produce bricks 
that would stand fire, and be as useful as those now shown. 
Was mountain limestone with magnesia in it aheciaaly 
necessery? Mr. Riley showed him a cylinder that h 
been made of pure lime, Irish li ne, made with chalk. 
These sorts were to be got in large quantities on the east 
and west coasts, the one on the east and the other on the 
west coast ; and it would be important for practical to 
know whether it was possible to make bricks ont of this 
ure limestone.. Reasoning a priori, the less alumina and 
silica in the lining the better, because both these, no 
doubt, tended to give fusibility to the lining, which it ought 
not tohave. Mr. Riley had shown them bricks that had 
not the property of shrinking, which was a very bad 
property ; but he had given them no idea of the cost per 
thousand. Probably the reason was that his experiments 
were in their i cy, and therefore he was not able to tell 
the cost ; but if he could give some idea of the cost per 
thousand of these ordinary sized bricks they could form an 
idea of what it would cost to line aconverter. Some one 
had mentioned Mr. Snelus as the first who had tried 
carbon lining for the converter. His own experience had 
shown him that this was out of the question. He had 
y 2 gad rg ‘e yh Ss aes — vv yd it 
80 at they it going ; e stopped it one 
Sunday when {6 fired pag roof was fired, and the lining 
was destroyed. He tried it also in Dr. Siemens’ rocess, 
and found that as fast as they added wrought iron the steel 
picked up carbon again, and therefore they had to give it 
up. Hesaw a great many h ironmasters present, 
and observed that they were regular in their at- 
tendance at the meetings; and he was surprised that 
oy Nene uae 2 ing the wise men of the 
. He thought this di should be of as great 
importance to them as those in the Cleveland district, 
not so much, but still it was very important to them ; 
the outcome of it were su ly carried on, which 
still remained to be proved, they would be able to use a large 
es of the clay-bands at ey lying idle, because 
y contained so much phosphorus. The only parties 
affected adversely were their friends in the West of Eng- 
land, who had made a good 09 Bene a long time out of 
+t hematite deposits ; and he thought it time that ies 
in the east and west of Scotland sh have their innings 
also. He hoped the gentlemen who were the inventors, 
and the parties interested, would give explanations on this 
point respecting the lining, or whether it was necessary that 
it should be as Mr. Richards represented, or whether they 
could do with pure limestone. 

Mr. Bessemer did not at first intend to say an 
this occasion on the subject which had been so t 
and so well discussed by so many practical men, bu 
silence might be misinterpreted. Nobody more than he 
joiced to see the improvements effected by the gentlemen 
who had read papers on the elimination of phosphorus. 
That one thing had been his difficulty and bane, he did 
not-and could not succeed in doing it ; but he rejoiced to 
believe that though they had not at the present time the 
actual mercantile results, there could be no doubt as to its 
claims ultimately for the benefit of the producers of iron 
in this country. In his experiments, that one thing, 
phosphorus, nearly deterred him from pursuing his investi- 
gationsany further. The bad material that they made from 
mabey Layee bow Hage IE scapes Fae 4 
rise to a many 8 whi 
were not the facts, but they ved them to be the cause of 
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his failure, which, however, was not attributed to phos- 
phorus. Some said that Bessemer metal was too dry, and 
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could not be worked ; some said that it would crystallise, 
and could not be worked ; but analysis, as Professor Abel 
told them, showed him that he had all the phosphorus in it 
that he had begun with. On the average he had a little 
more, for he begun witha metal that contained a certain 
quantity of yey ys and as he reduced some of the iron 
to an oxide he found he had a higher percentage of phos- 
horas at the end than he began with. Such results could 
rdly fail in their effects. He began to think how the 
enemy could be eliminated. He saw an analogous pro- 
cess in puddling. He saw that rich oxide, fluid cinder, and 
slag thoroughly washing the granulated iron out did elimi- 
nate the phosphorus, which was absorbed in these fluxes, and 
left the iron, and a material of a mercantile character was 
produced. He tried to do the same thing in the earliest 
ep of his experiments. In 1856, he patented the use in 
isconverter of alumina, oxide of iron, scales and lime ; 
but he had not gone far quones to see that these materials 
could not be used in a silica lining without destroying it. 
On that point he was totally at fault. The next step, 
which was also patented in 1856, was to make a vessel in 
which the conversion did not go on, but in which the Sewer 
was melted with the rich oxide slag ; this was an egg- ped 
vessel which was revolved with great rapidity in a way that 
came near to puddling, so dividing the metal into granulated 
particles mixed with thes that they might give up the 
phosphorus they contained. Just as matters were in 
that condition, and very few experiments had been made, 
there arrived in England certain pig iron which he had 
ordered from Sweden. Every conceivable reason was given 
for his failure except the right one. He said that if phos- 
phorus could not be got out of it, he would try a metal 
without phosphorus, to see whether steel could be 
made of it—whether it was worth while to work to get 
the phosphorus out it; for if it was too dry to work, 
it was no use getting the phosphorus out of it. He 
therefore attached importance to the arrival of that pig, 
for it produced iron of such high quality that up to this 
day he never seen it exceeded by anything that had 
been done since. The result was the natural conclusion, 
that if men at Sheffield sold steel at 501. or 601. a ton, and 
he could buy Swedish pig iron at 61. a ton, he would blow 
into it forten minutes and sell it for bar steel ; and there- 
fore he discontinued the efforts he had begun for the elimi- 
nation of phosphorus. He merely mentioned that to show 
that he had commenced on the road and suddenly dis- 
continued it. Whether he would have arrived at the 
results which the present inventors had arrived at he did not 
know. At any rate he wished and hoped most sincerely that 
nothing he did at the time, imperfect as it was, might be a 
i the entire success of those who had now worked 
it out. He hoped and believed that they would be able to 
receive that recompense from it which their talents and in- 
dustry deserved. 

Mr. Howson was next invited by the President to ad- 
dress the meeting, and to explain the diagrams before them 
referring to the use of or in the process. He said that 
he had not expected to be called upon to speak on the subject, 
which had been so exhaustively treated by former speakers, 
and he really was not to bring forward anythin 
new. erring, however, to the diagrams, he quinieet 
that they consisted of: 1. A small converter adapted to 
low-pressure blast. It was thought that a handy machine 
of this sort might form in many cases a usefal adjunct to 
a blast furnace for the occasional production therefrom of 
ingots direct on a limited scale. ith such an arrange- 
ment, steam power might be dispensed with, and the blast 
would betaken frem the general main, either hot or cold. 
2. Another converter for a similar purpose, but of a diffe- 
rent constraction, with a view to arriving at an eas 
method of unshipping and changing the tuyeres. 3. 
petroleum vaporiser. The —_ of this was to carry out 
a suggestion made by Mr. Wilkes, of the Standard Iron and 
Steel Company, to provide means for obtaining additional 
heat in the converter in case it should be required. They 
— jm va! is — too hot, = gy ee is 

ie to inst the consequences of this, by having 
cold scrap ready to throw in. So it is thought that there 
ought always to bea provision to against the chance 
of the metal setting in the ladle, should a cold blow occur. 
The apparatus consists of a receiver containing 


a mass of coke (or other absorbent material). Communi- 
cating with this there are one or more 8 er , con- 
taining petroleum. An in tap is , anda 
certain amount of hydrocarbon is allowed to enter the 


receiver and saturate the coke. The air then entering 
below, and passing through th2 body of the coke, licks up 
the hydrocarbon, and carries it along in the form of vapour, 
until it reaches the tuyeres, when it immediately takes fire, 
and transfers its heat of combustion to the metal. He 
(Mr. Howson) could bear witness himself of the effective- 
ness of a small quantity of petroleum thus inj in re- 
vivifying the declining heat of the metal. He had seen 
fluid cast-iron change in a few seconds from a dark red to a 
white heat. The apparatus was thought to be specially 

ted to the new hosphorising process on account of 
the tity of cold basic materials which had to be 
added to the bath, but whether it would be ey 
found a necessary adjunct or not was a matter on whic 
he had not sufficient experience to give an opinion. 

Mr. Arns.te said that with to the manganese he 
had only had the privilege of analysing one sample of steel, 
— in 2 - — av a — Gr «. pany ese, 

though he believed a very fair percen of spi was 
added had heard that morning from some gentle- 


men who used steel, that it was necessary to have a per- 
of manganese, but not of BP enews and if in 
that process to be eliminated, that was an 


important question. As tho 

i t question. ’ 
the quantity lt in the finished steel was only sm They 
had one gentleman of manganese being put in. 
He thought they would not do that withont finding some 
advantage. There was in hematite steel some advantage 





from , and he thought that they should have 
some elucidation on that point. If they overblow the metal 
and add a considerable percentage of spiegel, there must be a 
large amount of waste, and that is waste in two ways; it is 
a waste not only of the metal to begin with, but of the 
costly element of spiegeleisen. If they added a higher per- 
centage of manganese, that would increase the cost of 
the process, and on that question he would like a little in- 
formation. 

Me. Marrecusaid that although he was not an iron manu- 
facturer, he hoped it would not be presumptuous on his 
part to saya few words. When he looked around him, he 
saw shipowners who had already had ships built of steel ; 
and when he considered that 25,000 tons of shipping were 
being built of iron, and that if this new process succeeded, 
there might hereafter be this amount of shipping building 
of steel, its importance would be seen. It seemed to him, 
from the explanations of Mr. Richards and Mr. Bes- 
semer, that they might look upon the process as a 
success ; and he knew from what he had seen of the ship- 
owners throughout the country, that they were looking 
forward very anxiously to the decision of this question to 
know whether there was a bability of this beautiful 
material being sold in the market at a price something like 
approximating to the cost of iron, in order to enable them 
to adopt it. He supposed that if Cleveland ore could be 

, the price would be very considerably reduced, com- 
with what it was now; and that they —_ look 
orward to its use for the a purposes of ship — 
He did not agree with the remarks that had been e 
there about the quality of the iron employed for shipbuild- 
ing. It was said, sarcastically, that iron was known by 
the name of ship plates. He did not think that was correct. 
He knew that good eable iron was used for ships of 
the mercantile marine ; and in order to speak with authority 
on the point, about twelve months ago he went round the 
shipbuilding yards of the north-east coast, and tried the 
iron for the p of ascertaining its quality, and seeing 
if it was true what had been said respecting it. It had been 
said that if the sea could give up the iron ships that had 
gone down, it would be found that ships had fallen to 
pieces owing to the badness of the iron. He found, on 
testing the iron used in the shipbuilding yards, that the 
whole of it was capable of standing the required tests, and 
scores of specimens of the very iron were sent up by him 
for inspection by Lloyd’s Committee. Thus he could sa: 
that it was not true that such a description of iron was us 
as ought not to have been If, therefore, the new 
material was to be introduced, it was not because the iron 
had been found insufficient for the purpose, but because it 
could be better used for commercial reasons. He knew 
shipowners were building steel ships not because the iron 
was not so good, but because they got a stronger and lighter 
material ; of course that gave greater additional cargo, an 
that would make it more advantageous commercially. 
There was another point, and that was with reference to 
the remark made that Lloyd’s Register had an intention of 
lowering the requirements for the testing of steel. That 
was a ver 7 matter, because if that process 
succeeded, he did not think the manufacture of the new 
material would be confined to Messrs. Bolckow, Vaughan, 
and Co., but it would be taken up by iron and steel manu- 
facturers throughout the country. It was, therefore, very 
important to know that these tests would be rigidly 
adhered to, and whatever might be said as to the material 
iron, that fact should be borne in mind. He was surprised 
to hear it said, about the new material, that it might be 
termed either iron or steel. The experience of Lloyd's was 
that there was something in the treatment of that material 
which made it differ from iron; it required to be very in- 
telligently dealt with and better handled than common iron, 
and if the shipbuilders dealt with the two materials alike 
in respects and treated it in a rough way, he was 
certain that they would not have very great faith in it. 
There should be some different name from iron to keep up 
this distinction. Having said that in view of the extension 
of that material to other manufacturers who would no 
doubt adopt the process if successful, it was necessary that 
it should known that if they use inferior ore for the 
production of the material, it must and would be required 
to stand all those tests for mercantile ships, and therefore 
it did not matter what ore was used so long as the finished 
product stood those tests. They had determined to be very 
exacting in these requirements, and on that point their in- 
structions would be fully carriedout. He would be very 
pleased if such a beautiful material came into general use 
for shipbuilding, and under either the Bessemer or Siemens 
process it would probably supersede iron throughout the 
country. 

Me. RicHarps, being invited to reply, observed that 
Mr. Parker had complained that there were not sufficient 
data put before them to enable them to jcse of the success 
of the process or otherwise. He himself li 
very much in the same direction; but when it was con- 
sidered that they had been a very short time in carrying 
out their experiments, and when fn. saw the great diffi- 
culty in making the bricks, they d feel satisfied that 
they had not been idle. If Mr. Parker had had to carry 
out the details of the business, if he had worked under him 
as one of his assistants, he would have bad a very unhappy 
time of it during the last few months. Mr. Ainslie also 
wanted to have the matter settled ; and he (Mr. Richards) 
was equally anxious to have it settled and to relieve his 
mind. A great deal had been said as to what quantity of 
phosphorus was left in the steel in order to make it of a 
really high quality. He replied that there should be none 
at all—practically none ; his whole thought and idea in the 
matter was that phosphorus should be wholly eliminated ; 
and if he thought that they were not going to eliminate the 
phosphorus, and intended to leave 0.3 per cent. of it, he would 
consider the whole matter abandoned. He would not rest 
content or be satisfied with the quality of the steel unless 
it answered the same standard as hematite brands. He 


d | invited Mr. Schneider to go down an 


ewise complained | fluid 





thought the weak points in the process had been seen by 
the metallurgists who had spoken, and unless they could 
reduce the phosphorus without overblowing, they would 
have such difficulties as had been described. The difficulties 
were the large amoutt of air left in the steel, which would 
oxidise the ese on the addition of spiegeleisen. He 
could agree with the remark of Mr. Po , and he was 
glad that so high an authority had agreed with what they 
been discussing in that Institution—as to the necessity 
for the presence of a quantity of manganese in steel to 
o An ae ; he also added that with sents 5 sonanet 
of phosphorus manganese was necessary ; but on this point 
he did not with Mr. Pourcel, for he esuskinned thas 
they should make steel with no phosphorus at all. It was 
also mentioned by some one that there was great difficulty 
in getting phosphorus regulated. It would not do to get 
nineteen blows with none, and one with 0.2 of phosphorus. 
He saw lately at ing, where his friend Mr. Greiner 
was exceedingly kind to him, showing him the whole process 
of manufacture, the way in which he kept his books, and 
the way in which they examined steel by mechanical tests. 
He was im: with the regularity of the steel obtained, 
and he adopted their system. On turning down the 
vessel, they took a spoo from the ladle, and as soon 
as it was set they took the hammer and flattened it. 
After cooling it rapidly it would fracture, so that they 
could tell whether the phosphorus was eliminated. He 
produced a sample of the iron when the flame dropped, 
and he thought it required ad os amount of experience 
to see that it was not a metal fit for a high-class steel. 
Then, continuing the blowing, they found that with silicon 
at 2 percent. the phosphorus in 2} minutes could be re- 
duced to zero; and when the sample was hammered it bent 
down cold, so that they really analysed the blow before 
making the final addition of spiegeleisen. Mr. Helmholtz 
gave a very interesting account of some steel that he had 
made with 0.3 of phosphorus of a material low in carbon ; — 
he got very excellent results, and recommended him to try 
manganese as a mixture with Cleveland iron, stating that 
he would get different results from those which he had 
obtained. He (Mr. Richards) had done that two or three 
times, and more than that; but the idea of making this 
analysis did not occur to him till very lately. Of course, 
by putting in manganese in Cleveland pig, the cost of the 
iron was run up. ‘hey wanted to make steel as economi- 
cally as possible, and he found that with Cleveland pig, 
containing about 2 per cent. of silicon, they could get very 
satisfactory blows without the addition of manganese in 
the metal operated on. Schneider put a long string 
of questions which occurred na‘ to a gentleman in 
his position, and these questions showed that he looked to 
the really practical and scientific phases of the question. 
He was unable to reply to all the questions put, but he 
Y Fi see the experiments, 
for he still called them experiments, at their works; and 
Mr. Schneider would then able to judge for himself as 
to the position they were in, and whether there was a pro- 
bability of being able to make steel with regularity and 
even equality. He did not pretend to know much about 
the chemical part of steel making; but he was guided by 
very able men, Mr. Stead and their own chemists. He 
received great satisfaction when Mr. Stead sketched the 
lines before the meeting which he hoped they would succeed 
in o g- Upon that hung the success of the process. 
If they got the lines that Mr. Stead sketched, the matter 
would be definitely and for ever settled. Mr. Schneider had 
reminded him that he said nothing about sulphur. Fortu- 
nately he had no occasion to do so, for they were not 
troubled with it. 

Mr. GILcHRIsT said the first question was about the bricks, 
and the thing of importance was that they should be fusible 
and durable, and that they should be capable of being 
kept in stock at the very least three months, and in order 
to fulfil those conditions, they found that it is much the best 
to have about 10 per cent. silicon, from 4 to 6 per cent. of 
alumnina and oxide of iron, and about 30 per cent. of 
magnesia. They found that using these bricks, and also 
making large basic additions, that they are not attacked. 
If these additions are not made, the bricks are very rapidly 
attacked by the silica from the pig under treatment. Butif 
you make the slag basic by the basic additions, then the lining 
is not attacked. As regards repairing, there is no difficulty 
about cutting out the bricks and putting in fresh ones. 
That has been done without any difficulty whatever; with 
regard to Portand cement, suggested by Mr. Cowper, they 
had tried it, but owing to the amount of oxide of iron and 
silica in it, it melts rapidly. It has far more silica than is 
desirable. You want to have as little silica as ible with 
durability, because it will naturally wear a little. Then as 
regards the basic additions. It is of the utmost importance 
that you should get a fluid slag at an early period of the 
blow, and a fluid that is low in silica. In order to get a 
id slag, the basic additions erally contain from 
20 to 27 per cent. of blue billy, which is put in simply for 
the purpose of making it fluid. When the fluid slag is low 
in silica, then it is a receptacle for the phosphoric acid that 
is produced by the action of the blast upon the phosphorus. 
As regards the state in which the phosphoric acid exists in 
the slag, they have come to the conclusion it consists of 
phosphate of lime, or phosphate of lime and magnesia. 
Some slags contain only 5 to p! cent. of iron, and they 
will find that 5 or 6 per cent. of iron is not suflicient for 
10 or 15 cent. of phosphoric acid. Messrs. Pattinson 
and S pointed out in a very able paper that if you heat 
a cinder that contains phosphate of lime with sulphuric 
acid it will dissolve out the whole of the phosphoric acid. 
If you fuse eee hate of iron with chloride of sodium, or 
digest it with sulphide of ammonium, it would be the same. 
He came to the conclusion that it was ly possible 
that the phosphoric acid exi as phosphate of lime or 
magnesia. As the low silica in cinder, what they 
have found is this, that if at the end of the blow the silica 
is much over 20 per cent. you can in the basic lined vessel, 
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and with this cinder, overblow the metal, just as you can 
in the gannister lining without os phosphorus. You 
can produce any amount of smoke, you may overblow 
then as much as you like, and still not. eliminate the 
| paar -By keeping the silica in the cinder well below 
per cent., then with the phosphorus to blow at you will 
« not put oxide of iron in the slag until the phosphorus is 
gone. So that, perhaps, we might consider that there are 
two senses in which the word “ overblow’* may be used. 
The blower very rapidly comes to know the look of a frac- 
ture, he can see how much more blowing is required ; 
and if they take the’ precautions to have the cinder suffi- 
ciently low in silica he did not think it was necessary to over- 
* blow the metal in that way. He thought that there would 
be no difficulty in getting regular results, that is te say, 
in eid the phosphorus down between .04 and .08 per 
cen 
Mr. THomas, who spoke next, said there was one point 
on which he was open to confession, and that was with 
regard to the diagram that Mr. Richards had spoken 
of. He had asked Mr. Richards not to show that diagram. 
He had said that this diagram represented the worst 
conditions that they had had. The great majority of 
those who had seen it recognised that. But he expected 
there would be some who on looking at that diagram 
would say, ‘‘ Oh, it’safailure. You get no phosphorus re- 
moved until overblowing, and the whole thing is a failure.”’ 
He no doubt misjudged the excellent sense of the meeting. 
With a three per cent. silicon pig (and in his opinion this 
was about as unfavourable a pig as you can treat) you can- 
not expect to get the phosphorus touched until the greater 
part or the whole of the silicon is removed, and, in the 
case of the three per cent., that would not be until near 
the end of the blow. Mr. Richards had shown in this 
iagram, although showing apparently a very bad result, 
that there was confirmation of the.views put forward by 
‘them. With regard to the word: “‘ overblow,’’ he thought 
it best to give it another name, and to call it an ‘‘ afterblow.” 
Mr. Blair said he did not call it an overblow until the 
metalloids are removed, and that includes phosphorus ; there 
could hardly be a better definition. Then Dr. Siemens, who 
was the greatest authority perhaps, with one exception, in 
the room, had raised three very important points. First. 
the question of the lining, and he said that he had tried 
basic linings, and they had not succeeded. Of course, 
the alternative linings are three—first, magnesia ; second, 
alumina, which’ includes bauxite ; and the third,.carbon. 
.The carbon lining entails an indefinite prolongation of the 
operation, and an indefinitely deferred result. They had 
had some experience of that. With regard to bauxite and 
alumina, as Mr. Gilchrist had told them, and as they would 
imagine, the calcareous or basic slag fluxes it rapidly, and 
they are removed from the category of peasticnt linings. 
> — y= the lining would cost 5001. to 10001., and he 
oug’ e 
With to the basic addition, they stated that it 
exceeded 2 cwt. per ton, and he thought they qualified that 
with this—that the cost would depend upon the analysis 
of the pig. . He had run through fifty or sixty operations 
which they made at Middlesbrough, working with low 
silicon, andthe average bases were somethi Rp 
24 cwt. per ton. He thought Saris tried toexplain why 
there had not been such a considerable waste by the after- 
blow as had been remarked upon. Mr. Parker had given 
an estimate of the basic addition. He said 
they would require 85 cent. of the weight of the slag. 
He had omitted phosphoric acid, from 12 to 15 per cent., 
and oxide of manganese, and oxide of iron from the in- 
evitable oxidation of the iron, and several other thi 
which would alter those considerably. They. would 
find nearly all the Middlesbrough analyses were given very 
imperfectly owing to their not having revised the proof. The 
as epee in the steel is considerably higher than that in the 
lown metal, and that is due to a cause which Mr. Stead 
had alluded to elsewhere. Why that happens is that the 
manganese of the spiegel, as well as the silicon, probably 
reduces the phosphate of the slag, and carries some of it 
bac the metal. They do not now have such a thick 
layer of slag, and it is avoidable in other ways. He 
thought Mr. Bell’s criticism had been a very generous and 
appreciative one. They could not call the ves rivals of 
so distinguished a man, and he might say that at a time when 
they were rather discouraged by a few small experiments, on 
cing to refer to Mr. Bell’s work on iron smelting, they 
were encouraged by its being said that he, at least, would 
not be surprised if at one time the phosphorus would be re- 
duced, he thought, to one partin six thousand. He did not 
know that they had got to that, but some ome had 
been made. Mr. Schneider said they had said nothing of 
desulphurising. The reason of that was because with 
regard to the Cleveland Pig, which was the cheapest, that 
question did not arise. In the autumn, they put in a 
basic lining in the Ponsard furnace, and contrary to what 
occurred in Mr. Schneider’s pig, the analyses showed a 
very considerable reduction—somewhere about 40 to 50 
per cent. 
Mk. Syetus said that most of the questions that had 
been put -had~ been very fairly answered. by Messrs. 
~ Richards, Thomas, and Gilchrist, and’ he had not much to 
» 8aY, beyond corroborating a great deal that they had said. 
- A question was asked |by Mr. Schneider about the elimina- 
tion of sulphur., ,The diagram on the wall showed that. the 
— was removed by the blowing of the metal lining 
with a basic lining, no matter how the basic lining was 
obtained. He°made one of these experiments without 
knowing whether ‘the sulphur was removed: or'not at the 
- second blow. He todk' mottléd‘iron from’ the blast furnace 
and mixed a small quantity of Cleveland pig to get enough 
silicon, and the sulphur was at .846: When’ the first sample 
+ was taken it had more than that to begin with ‘in the metal 
during the blow, and the néxt-was \.274,: arid ‘in the second 
- samiple with the carbon still’ remaining ‘the® sulphur was 
‘69 or 70 per cent. of the total.‘ If “he: preserved the 


need not trouble themselves’ about that.’ 


wi 
them with 





sample at the end of the blow he should have shown a 
greater elimination of sulphur. The. phosphorus 

imi in a degree. In that iment 
would see that the silica was much too high. A much better 
result was got in the third blow. There the phi 
was reduced tothe veriest trace ; in fact, too small almost 
to estimate. He had shown that if they had a sufficiently 
basic slag they could eliminate the sulphur as well as the 
hosphorus, and, on the question of the basic slag, he 
hought it was necessary to have it as low as was com- 
patible with making a durable lining. He was free to 
admit that his lining had not been a durable lining, and 
what had been done since had been a step above that. 
But it was important that they should keep the silica and 
the alumina low, and he led the alumina as 
a basic body. Heconsidered alumina at this high tem; 
ture to play the part of a very weak acid. a all knew 
that there.was. an aluminate of ~~ and ya he 
did not think the alumina, weight for weight, would be as 
deleterious in preventing phosphorus going into the slag, 
yet he thought that alumina would have some effect in 
preventing silica and phosphorus going into the slag. 
Although he had not made ~ advance in making bricks 
with magnesian limestone, he did not give up the hope of 


making a pure brick out of the 1 pew magnesian limestones. | Co’ 


He was confident that it could be done from the experi- 
ments that 


in getting a brick that was durable, and very great credit 


was due to those who had got it. With respect to the 


waste of the metal, he had come to the conclusion that with 
hematite iron there was no need, when they took it from 
the blast furnace, to have more than one per cent. of silicon 
in it. They blew regularly with one and a half, and they 
were frequently blowing with not more than one. per 
cent. of apy ee wes 
very nearly as great a heat-giving body as silicon, 
therefore they could not do without the tee cent. of 
a to reduce the silicon in the t furnace. 
ile they could not reduce the —— in the blast fur- 
nace they could reduce the silicon w very low. limits. 
All blast furnace metallurgists knew that — bring 
down the pig iron to 1 per cent. of silicon without its being 
bad in any way. Therefore to get 14 silicon, and phos- 
phorus 1}, they had 38 per cent., which wanted bases 
combine with. He believed that they got tribasic phos- 
hate and tribasic silicate, and therefore they wanted 
per cent. of bases to take them out. No doubt they 
should want a little excess in order to have the right 
quantity at all points of the blow. The Bessemer process 
was contrary to what’ Mr. Abel had described it. He said 
it was not a process where the slag and the lining touched 
the metal at all. For his own part he believed that "7 


As | lining was brought into immediate contact in all parts 


ect way than theslag in the 
puddling furnace. Therefore whatever they had got, 
whether lining or basic addition, they would act more in 
the converter than in the puddling furnace. They should 
add a little in excess of what was shown by theory. Per- 
haps Mr. Bell would excuse him for.trying to correct. him 
about the weight of the material for lining a vessel. The 
weight of the bottom for a 7-ton converter was very nearly 
four tons. That bottom only lasted eight blows on an 
av ; but from eight to ten was a fair average for it. 
That all went,to slag, and it was well known to 
orking the Bessemer converter that they had to patch 
quantities of gannister. gy could make 
a lime brick cheaper than lining it with gannister. There 
being then 4 tons of material in the bottom, they thought the 
rest of the lining would weigh about 10 tons, so that there 
would be ery ge 14 tons of material in a vessel. He 
thought that Mr. Bell, in considering it, would find that 
was correct, The waste of the bottom was about equal to 
5 per cent of the metal blown, and the waste of the | 
and the additions was equal to another 5 per cent. Thai 
was 10 per cent. which they could not help getting rid of. 
With these bricks he believed it would be less, and there- 
fore all the more necessity for ing basic additions. But 
in the gannister lining they lost 10 per cent. He was sure 
that in the Bessemer blow there was at least 1 ton of the 
blow that was not iron that must come from the iron or the 
lining. But it was evident if they kept the silica low in 
their lining they must avoid too great an addition of basic 
materi If the silicon was to be 10 per cent. of the lining 
material it was evident that every part of it wanted another 
10 per cent. of bases to get rid of it in addition to that 
which was to get rid of the phosphorus and the silica. 
Even if they did get more slag, he did not think it would 
trouble them much. In the open-hearth process they got 
a good deal of slag, so that he did neh Ses Cones. of 
slag need trouble them. As to the oxidising of th 
nese and the spiegel, it was not difficult to avoid. T. 
could put spiegel or the ferro-manganese in a ladle and pour 
the metal upon the top of it in the ladle. There was no 
doubt that in the work that was so far done there had been 
a great deal of waste of manganese. But he did not look 
on that as a detraction from the process. With res; to 
the over. blowing, he agreed with Mr. Blair,and Messrs. 
Gilchrist and Thomas and Richards that they ought not to 
call it over-blowing so long as they had anything to blow 
away except iron. So long as they blow only metalloids, so 
as not to let oxygen into t metal he did not think they 
ought to call it over-blowing. A many of the speakers 
said that this was all known before about the value of 


the.metal in a much more 


the basic lining, and that it was always understood that basic 
lining would remove phosphorus. He had come there _ 
hola ° 


after year to listen as to whether anybody hed ges. 
the right end of the stick, and he had not heard anybody 
express themselves so clearly as they had done that day. 
He thought the published statements were sufficient on that 
point ; but there was no doubt ered ga deal had been 
done oe bauer _ know a ‘ =i Ba ‘not 
think that anybédy had made the experiment of. blowing a 
charge of phosphoric’ pig iroh in a converter, keéping the 


was | and 


they | centage_of*p’ 


had been made. A great step had been made | there could 


He maintained that phosphorus was | i 


those |in quality in all respects and of equal unifort 





hosphorus had been t down to about 
0.001 per cent. in the Bessemer con: 

Mr. Riuxy observed that he understood Professor Abel 
to say that he had shown at Woolwich that Mr. Bessemer did 
not take out the phosphorus. He 
at Dowlais, and that 


present time. There was some question about the lim 
stone. He made bricks which contained only} per cent. 
of silica and practically pure ian limestone, and had 
no more difficulty in making the bricks from any magnesian 
limestone than he had in making any other bricks. They 
must not make them with too much silica. But all his ex- 


nately, and make it into bricks or other forms. r. 
Henderson had talked about the cost per 1000. He could 
not give the cost, but. they had been made very. . 
They made twelve bricks = minute that were i 
e petroleum oil was 14s. or 15s. 
PRESIDENT, in summing up, said. he thought they 
would agree with him that their very best thanks were due 
to Messrs. Thomas, Gilchrist, Snelus, and Riley for their able 


portant step in that directi in 
members of the Iron and Steel Institute, 


They the matter put before them. y » 
and they must be.very pleased with.the .extreme. 

with which Mr: Richards had given his views from the point 
of view..of a practical steel maker.. He had to’ announce 
the resignation of a member of the Council; and under the 
powers conferred upon them by the rules the ‘Council’ had 
elected Mr. Richards to be one of themselves. 


unanimously 
to | He then moved that the best thanks of the members should 


be given to Messrs. Thomas, Gilchrist, and Riley for their 
very able and important papers. - 
We have already spoken recently at some le: 

on the question of dephosphorisation dealt with 
in the foregoing discussion (see page 377 ante), and 
need not go over the d again, especi 
everything we said at that time on the subject has 
been fully confirmed by the papers and discussion at 
the late meetings of the Iron and Steel Institute. 
That the vast stores of phosphoretic ores will hence- 
forth be availabie for steel-making is, we believe now 

laced beyond doubt, and the steel so made will. be 
ess expensive than that made from Cumberland 
hematite and ee ores. How much cheaper it can 
be made is still a more or less doubtful point, and 
it is still an open question whether it be 


ual 

Tf it should turn out that there is a perceptible dit 
ference in quality, any marked superiority, in the 
steel made from hematite ores over that made from 
Cleveland ores, there will still be a large field open 
for the former. If there is no such difference the 
former will have a hard time of it, In all pro- 
bability, however, it is the iron trade that will 
suffer most from the use of Cleveland ore for steel- 
making, for if the cheaper ores now used exclusively 
for iron manufacture can be used for good) quality 
steel, the latter will come tee down :to the 
price of iron, or at least sutliciently near it'to drive 
the latter out of the market for all the’ gréat-engi- 
neering and shipbuilding industries, = ¢ 
In discussing Messrs. ‘Thomas and Gilchrist’s pro- 
cess a few weeks ago, we mentioned that Mr. Snelus 
had patented the use of a lime lining for the 
Bessemer converter as early as 1872. We were not 
aware at that time, however, that Mr. Snelus had 
- over so much of the ground since gone over by 
essrs. Thomas and Gilchrist, or that he was so 
near arriving at the practical completion of his en- 
deavours to eliminate the phosphorus in the con- 
verter. He had evidently mastered the principle 
which pointed to a basic lining and basic slag, and 
had =e a long way towards working it dut prac- 
tically, and Mr. Snelus missed a great chance, and 
the world had to wait some years for a t dis- 
covery because, as Mr. Snelus ‘naively tells’ ua, he 
‘had just taken the management of a concern, the 
interests of which were opposed to the solution of 


tees 


this problem.” We are glad to learn that 
of embarking in an expensive litigation to !deter- 
rights, Messrs. Thomas 


mine their respective legal ers. | 
and Gilchrist, and Mr, Snelus, have agreed to join 
their forces, the latter taking a share of the new 


rocess. 
% After the completion of the lengthy discussion 
above reported—a discussion which was of the 
utmost im ce—the principal interest of ‘the 
meetings was over although there were still “five 























472 


ENGINEERING. 


[May 30, 1879. 





PRICH LIST OF MATHRIALS. 









































TaurspaYy, Mar 29, 1879. 
































- ‘ Stee. as—continued «9. a2 os. a 8, 4, s a 
: METALS. Tape, Waoveut , hy Bey Bi de cranks, cross heads, s 6 § 9 
pti 2 4 2 «6. 7 s 0 crane . engine 7 6 8 o 
ANTIMONY ton)— = 0 BIER, BC. .-0.0c0ceeserneree ° 30 «0 
ame rs pms 47.0 4 3 = Tumbler bars and other 303 «0%~«G 
Baass (per Ib. » @&@ w 4, ° s Ss castings for dredging ps 96  o 
Shoots, 43 x outa @ ° 8 oo Ss PULPOSEB...rrerevrnrnrnes 80 0 26 © a Minidkeut At: es x, « 
Yellow motal .......+0ss0 ° yf °o 7 ° 7 10 SwspisH Iron (F.0.b) at RalLway GReAse (per 
5 8 © Gottenburg (per ton) 26 8 6 CWt)—R0s0'S ws... 28 © 08 0 
a a 15 665 euerceconcece le tae 4 10 Pritchard, Offer and Co.'s 
. 5 8 ° 6 s 9° 1r 0 concentra’ sossepesesee GO oo 60 
“a. 2 2 oo 58") @), (90: SO Rae GarewR kG Sg" 6 
° 
silat kao - 6 5 66 35 ed. ae 
4 Pe ; z P| . + © oO 67 © 4 : a . 
10 6r 15 ° tt o " | S & +4 ° 32 0 
; , Rs . salah . 63 ° 6& ° 4 4 : 
fe) Australi 66 «5s 66 15 
pd bs sete » . agen 3 *S 13°32 «| TunPuares(perbory- =. ds. wollasaise . & es 
‘ s - $13 10 LO. charcoal........csese+ a 06om0ClU85CO Tar—Stockholm(perbarl.) 20 6 22 o 
° 3 . é . e ix ete nen eens 29 «© 32 © Archangel - 5 6 ee 
. coke... jo : =} : ns —. 
hk.” eebeantainedininomes American (casks) ... .... a 
$ S . o,= © ZINC (per ton) — £8 &£ 6 WIPINGS, engine (per cwt.) 20 o Do : 
> are QUICKSILVER (per bottle) 6 0 6 2 > English.........s-s000s 8 ~«65 18 10 
o 39 6 SORAP (per ton) = ..scsceres 3 TO 4 0 Wins, fi eccccsewess 802 O 88 20 CHEMICALS, *. 
: * 3 SpPeLTer (per ton) — a t (gsivaplsed) *4 = “ * uafortis (per Tb.). nt eeeeces ° a ° : 
6 330 Silesian, ordinary ........ 4 10 ™% 15 COALS AND COKE. a acid (per lb.) o of ° oO 
eo 3g @ SPISGELEISEN (per ton)— OOALS (per ton) = a me ee phuric acid, brown...... ° oO °° 
o 8 665 - a a eC - : : < SN Cee casita +O. > ak. — —Muriate (per £ 8. £& 8 
i No. 3. WTRTTION, «6. coc cee cescneeereeees 9 5 tro 6 seercersereereeseeresseerseses BQ ° 35 ° 
a. s. @ ton) 8 o 6 ARSENIO— sda 8. d 
6 #0 ay + + tem seeee ° g0 © 8 © by ° White, lump (per owt.) w.. “4 ° 26 0 
o @ 6 » double shear o 6 © 8 6 2 0 yg Fn BI , gis 
o 
a : English spring EP mee Suaferishire,...c.. 8 6 32 8 Bonax—refined (per cwt.) 3g 0 38 0 
o @g 6 Blister........... Sa. 2 Milicshtestentmencesuces- GC. @ we o BRIMSTONE (per ton)— s 2 6. 
6 43 © igye MR 2% 30 Yorkshire is’ 8 eo ae Ro seeeeenesne oe . 5 10 6 0 
6 #@ © Bessemer rails. 9 ° KE— Flour ..... «2% 0 13 10 
Ciyde , 6 4 if tyres 5 ; tg Cleveland 2 0 4% © omnes woncese: a . a = - ° 
van, at Broomieclaw ... axles. MAME cccrcosecsconsersesee 20 (@ 2 —~BTCON  ncereereere . ° 
Calder, st Port Dundas... 47 © D ° 4 billete oe we sy Sulphate (per 7 . 8. d. 
Glengarnock, at Ar- r » —~Plates °o 8 © OILS, GREASE, & LUBRICATORS. |} pass, Sines ba, @ereet) Te” 
Eglinton, ditto sneraceoersores = ° = ° ee ° P02" OILS (per tun) — £ 8. ‘ 8. Acetate, BP ccocsines 19 © 22 0 
Dalmellington, ose 7 o 638 (lo a 
Geoton, Ch Gaanguniath & ° pa $ Hydraulic oy »_ pale ° = Bel ail ahictial 3 ; re . 
Ditto, specially selected ° - the rough not to ex- 8 o 6a 10 TE: Sena-dassatide': Se 0:18 
otte, ot Lt eunemeeee 6 44 6 coed Ae in 1 ' a “ br} - . 2 ” LITHARGE (per CW.) .ssssruee 19 0 23 © 
-patew | PY oe id, MUAPANtCod..........0000000+ 
jaliver Do. do, finished. .......+0..+s Lard PoTasi—Bichromate (per 
(The above all deliverable alongside). iene qahengubede. cc 0 2b co | @apa San tems BOD wrarspmenscssosegeeene on 0 @ @ 4h 
ae ais @ Hammer tups, faces, PsTRoLeuM - & «a 4 SALTPETRE (per cwt.) 
North Stattordshire $5 . ,- ~ ~ — -yoM Leeann ae Sara Fine (per pal 7% oo a English o a o 
South - Nt H 1d ab der’ ween Oat oil, refin iosogmsemnaedne 7 oO s °o fore] e 
Yorkshire Thernaby pig 7 wits anchio, te., are RaNGOON engine oil ....... 2 3 3 0 ‘ 2 “ 
NO, 8, csercrsesvee covrorsonse $9 8 §§ 0 OWE. ecccercecccrseromesrcss SS @ B86 OC LINSBED Oil .......-0000-0000000 96 6 a7 © s 4&3 10 
papers still down to be read, Time had sped | Ponda, 558 miles from the former city. The time con-| longer. She will be 310ft. long, with three iron decks bo- 
rapidly, moreover, and a ‘“ massacre” sumed was three hours less than seven days, running only | sides the hurricane deck, seven water-tight compartments, 
imminent. Mr. J. Pattinson, of Newcastle. how- | i2 daylight, beating the fastest time ever made on that | and com engines of 2000 horse power. The other 
: pee the ’ river toy the steamer Confienza) by 4 hours 35 minutes. steamship is for Ward’s New York and Havana line, and 
ever, read his paper “On a New Volumetric - , : will be a sister ship to the Ni of the same line. She 
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much 


niferous Iron} Ores, Spiegeleisen, Steel,” &c., the 
eee it being os ees to the next meet- 
ings. secretary then a by Mr. 
H, Louis, of Nova Scotia, “ On the Chesnistry 
of Puddling.” This led to a brief discussion, 
Dr. Siemens pointed out that he had written a 
paper on the same subject some years ago, giving 
similar results to those given by Mr uis, 
but his own results were much more full. Pro- 
fessor Jordan said that they had had similar results 
recorded in France for several years, M. Griiner 
having written a Paper on the subject. After a few 
words from Mr. 1, Mr. Louis replied stating 
that he was not acquainted with the previously pub- 
lished on the subject. 

The — then —— that the remaining 
papers w were on the programme were t- 
poned by the request of the authors till the att 
ae Williams, a vote of thank to the President, 
Mr. Willi who had filled the chair with marked 
, the meetings, which were certainly as 
successful as any yet held by the Iron and Steel 
Institute, came to a close. 
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Cincinnati, and St. Louis Railroad has been im- 
roved. The entire main line between Pittsburgh and 
lumbus is now laid with 60-lb. steel rails with improved 
and switches. During the past year there were put 
in the track 3380 tons of steel, and 122,299 cross ties ; 
12 miles were ballasted with stone and furnace cinder, and 
5 miles with gravel. Three bri were ren in iron ; 
one destro; AL fp September freshet was replaced by a 
Howe truss, extensive repairs were made to others. 
As a result of the excellent condition of the property, and 
the larger volume of traffic moved, there was a marked re- 
duction in the cost per ton per mile last year. 
Russian Railways.—The length of the com- 
Russian lines in 1874 was 16,333 versts. The 
corresponding extent of completed lines in 1878 was 20,472 
versts. The revenue uired in 1874 was 
140,933,789 roubles ; and in 1878, 211,922,290 roubles. 
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ments, and compound engines. The saloon, state-rooms, 
and other apartments will be finished in hard woods, 
and will be commodious and comfortable. The saloons, 


state-rooms, erage Pape and officers’ will be 
on the main deck, while the dining-hall will be a 
where the motion of the vessel, in rough weather, will be 


less seri felt. Another vessel is in course of construc- 
tion fora Brazilian firm for the Amazon trade. She isa 
small iron side-wheel steamer, similar to the Harlem boats, 
and will be fitted up in much the same style. The con- 
tractor is a Brazilian, who was on his way to England to 
make a contract for the building of a vessel upon plans 
which had been submitted to him, but who after a visit to 
Chester, Pennsylvania, concluded that he could get a 
superior steamer in the United States for the same money. 
When the steamer ordered at Chester is completed, another 
will be contracted for by the same parties for passenger 
and freight traffic on the Amazon. 

Submarine Work in New York Harbour.—General 
Newton has resumed work for the season on Diamond Reef, 
between Governor’s Island and the Battery, having sent 
down the scows with a tus for submarine mining. He 
finds that a heavy deposit covers the reef, but not of such 
hardness as to admit of the use of drills and explosives. A 
hose, with ape attachments, is therefore employed, 
preparatory to reducing the surface of the rock by other 
means. At Flood Rock, in Hell Gate Channel, work has 
a steadil pomooned =. _—_ force, Se pent 
plan pursu ing similar in large 
submarine excavations at Hallett’s Point, so that in course 
of time the bed of the river will be dropped into the 
artificial chambers beneath an explosion. Workmen 
are also engaged in removing Fragments of 
old “‘ crater,” left by the grand explosion three years ago. 
American Locomotive Building.—The Baldwin Loco- 

Philadelphia, are now working 14 —y 
com- 


motives under way in their shops at Altoona. 
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PAN AMALGAMATION OF SILVER ORES 
IN NEVADA AND COLORADO. 
By T. EG.esTon, Ph. D. 
(Continued oom page 371.) 

Tue amount of amalgam obtained from a pan 
will vary with the ore treated. In Colorado it 
ranges from 20 lb. to 75 lb. In Nevada it is often 
as low as 15 lb.,and in many mills is not more 
than from 20 lb. to 30 lb., the amount obtained de- 
pending on the time between the clean ups. The 
pans never stop when there is ore to treat, except for 
repairs or a clean up. Each pan is arranged so 
that it can be stopped when necessary indepen- 
dently, so that repairs or a clean up —> made, 
if desired, on one pan at a time. he false 
bottoms of the pans wear about a year. The 
are always made separate from the sides, whic 
wear very little, and are bolted on, so that they 
may be changed when necessary. 

In the Brunswick and Eureka Mills the shoes and 
dies wear only 30 days. At Stewart’s Mill they are 
removed when they wear down to in. They have 
to be removed every three or four months. At the 


Fug 33. 
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sluice is riffled, and some mercury is caught in these 
riffles. 

















£. f 
A 3: EB 
Z s4) 13 
— ‘s |Kind of Pan |S= % 
ce aS * we 
3 Ba a 
E gs g 
Z mo a 
v 70 | 1100] 6 

Stewart oes .| 12 arney 
Jad and Crosby .| 4 |Combination | 60 | 2800; 2 
Nederland... .| 14 an 75 | 850] 7 
Brunswick «| 26 Horn 88 | 2600 | 13 
Eureka ae ...| 27. | Wheeler | 85 | 3200 | 13 
Consolidated Virginia | 28 |Combination| 85 | 3500 | 14 














The settler is sometimes only a wooden tub with 
revolving arms, or one with a cast-iron bottom and 
wooden or sheet-iron sides. It is 9 ft. in diameter 
at the Eureka Mill, 10 ft. at the Brunswick, and 
3 ft. deep, having either a flat, or, more frequently, 


Fig 34. 
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Nederland Mill they wear five months, The whole 
pan must be renewed once in three years. The 
amount of wear on it depends on the character of 
the ore treated. 

In the Brunswick Mill the power is communicated 
to the pans by a belt 11 in. wide, running over a 
wooden wheel on the cam shaft, 6 in. in diameter. 
These belts are always under the pan floor so as to 
be out of the way. 

At the Eureka Mill it takes six men per shift of 
twelve hours to work the 26 pans. At Stewart’s 
Mill there are seven men in 24 hours for twelve 
pans ; one amalgamator, one carman, and two men 
per shift at the pans in 24 hours, Occasionally 
when the work presses, the shifts are made eight 
instead of twelve hours. At the Brunswick Mill 
four men are required, two on a shift for the pans 
and settlers. In Judd and Crosby's Mill two men, 
one amalgamator and one helper, per shift of twelve 
hours, do the work of the four pans and two settlers. 
In the arrangement of the oll ons settler is pro- 
vided for two pans. 

The above Table gives the number of pans, &c., 
used in the different mills. 

Generally two pans discharge together into one 
settler, but sometimes only one at a time is dis- 
charged, which is not a good plan, as it reduces the 
lime of settling one half. e discharge sluice 
from the pan runs under the floor of the pan 
Toom into the settler. At Stewart’s Mill this 








a more or less conical bottom with agitators, Fig. 33. 
Its construction is similar to that of the pans, except 
that it is larger and has no dies. It has four arms 
or sweeps bolted on to the ere age to each of 
which two adjustable wooden shoes, shaped like 
cultivator shares, are attached, which reach to within 
3 in. of the bottom, and plough up the sand as it 
settles, The shoes last from one to six months. 
They are always kept at the same height, except 
when a is broken. Its contents are then dis- 
charged into the settler, the shoes lowered, and the 


charge finished there. The charge from the pan | tators. 


fills the settler about one quarter full, In the 
bottom there is a groove which commences at the 


centre, and is 3 in. wide and 2 in. deep at the circum - 
ference, This connects by a 1}-in. pipe with a bowl 
a, Fig. 33, bolted on the bottom of the side to 
receive mercury and amalgam forced into it by the 
pressure of the water. 

It has three di holes 4 at different heights, 
but not one above theother. These are closed with 
wooden plugs. The bottom of the settler is sloped 
¢in. in every direction towards the mercury bowl. 
As soon as all the charge is out of the pan, the settler 
is filled with water to within Sin. of the top, and 
the agitators made to revolve at the rate of 15 to 
20 revolutions a minute. As it is desirable to have 
the water di in fine streams, it is introduced 
from a pipe with fine holes. In the Brunswick Mill 
this pipe is ]} in. in diameter, and runs to the centre 
of the pan. Fine holes 1 in. or less apart are bored 
on the under side, so that the water entering the 
settler falls in small streams, which are equally 
distributed over the surface. The pan can be filled 
as rapidly in this way as when di ing from the 
end of a pipe. It has been found that the fine rain, 
under a certain pressure, produced in this way, has 
a very decided effect in settling the mercury. 

en the settler is full the water is turned off. 
The arms of the settler are at first raised 8 in. above 
the bottom, and kept so for about half an hour; 
they are then gradually lowered until they get near 
the bottom, which takes about two hours. The 
reason why the arms are raised is that at the time of 
charging the settler the pan is running slow, and if 
the arms were down they might break off under the 
weight of the charge. e object of revolving the 
arms is to keep the light particles of ore afloat, and 
facilitate the settling of the and quick- 
silver. The arms are kept revolving for at least an 
hour, and generally for about 34 hours, with the 
settler full. During this time the mercury collects, 
and a considerable part of the flour is reduced. The 
top discharge plug is then removed, and clean water 
is allowed to flow rapidly and freely through it for 
half an hour, the arms being kept in motion, The 
next plug is then removed, and soon, The whole 
operation lasts from four to five hours, or the same 
time as the work of the pan, the work in the settler 
being continued so as to reach the bottom in time 
for the discharge of the nanan. It is n 
that the amount of water should be carefully regu- 
lated, for if the pulp is too thick the metal will not 
settle. If it is too thin the ore will settle with the 
metal, and the separation will not take place. The 
same is true with regard to the speed of motion; 
for if the motion is too rapid the mercury will re- 
main suspended, and if it is too slow the sand will 
settle, hen the Kp epee is properly performed 
these is no danger of the settler being choked with 
sand. The amount of water used is about 91b. a 
minute, There will be found on the bottom, when 
it is discharged, some coarse sand, sulphurets, fine 
iron from the stamps and and some merc 
and ae. There is always gow 100 1b. - 
mercury in the mercury receiver, e discharge 
the mercury and amalgam is made either by loosening 
the plug in the bottom of the mercury . 
and allowing it \ —_ into * a. —_ contain- 
ing some water, by dipping it out receptacle, 
on hy a syphon in the bottom of it which allows the 
mercury to flow ccntinuously as it accumulates. 

In some of the modern settlers there is no m 
bowl on the outside, but only a slight depression on 
the inside of the settler, toward which the bottom 
slopes in every direction. In the bottom of this 
depression an inverted syphon is placed, from which 
the m i as it collects, 

The settlers are thoroughly cleaned once a week 
by which time 3001b. to 4001b. of mercury and 
amalgam have accumulated, all the iron being care- 
fully scraped to remove it. When any woodwork 
is connected with it, the wood is never thrown 
away, but is always burned in a re in order to 


collect the mercury and amalgam which always 
penetrates the pores. 
From the settler a sluice runs to an agitator, 


ig. 34, or dolly tub, of which there are generally, 
in mills, two for each settler. They are made 
of wood, and are from 8 ft. to 15 ft. ov 20 ft. in dia- 
meter, and from 2}ft, to 4ft. deep. They have 
four iron arms working on a cast-iron cone bolted 
to the bottom, with six to eight wooden uprights, 
which reach nearly to the bottom of the pan, and 
which make from ten to twenty turns a minute, 
constant supply of water must be kept in the agi- 
A coarse sand accumulates here, omnes 

a small quantity of mercury, amalgam, and s 


> 





phurets, and considerable iron; the saving is small, 
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usually not more than 15 lb. to 201b, of mercury 
and amalgam per week. . 
The practice in Colorado is to run the material 
from the agitator over copper-plated sluices, 75 ft. 
to 100 ft. long, having riffles every 3 ft., and then 
through Hendy’s concentrators, which, on the whole, 
have not given very good results, as they are applic- 
able to ores containing a large quantity of heavy sul- 
phurets, and which contain so much slime, that they 
coat the mercury and prevent its collecting. One 
mill in Colorado which applied them, where they 
were not adapted, has sixteen of them idle, and 
being rapidly eaten up with rust in the tail house. 
In Nevada the tails from the agitators usually run 


over blanket sluices, but the material is so poor | pa 


they are sometimes not washed oftener than 
once a week. The material discharging from the 
agitators is called tailings. That which discharges 
from the slime vats is called the battery slimes. 
These last, when collected, are treated in the pans 
like the ore. 

At Stewart's Mill the tails are run over riffled 
sluices and amalgamated plates. From 301b. to 
40 lb. of mercury a week, which contains but very 
little silver, are collected in them. The tailings 
from this mill average 25 oz. of silver. The lowest 
tailings with the best working are never below 15 oz. 
to 160z. While the Stetefeldt and Airey furnaces 
were being used, they averaged 40 oz.; and when 
they were re-roasted and re-treated, only 25 per 
cent. of this was recovered, and as this did not pay, 
the furnaces were abandoned, and the reverberatory 
furnaces now used built. Before this mill was 
burned, the Hunt and Douglas process (ENGINEER- 
ING, vol, xxii., pp. 419, 437) was introduced to save 
the copper, and increase the yield of silver. 

At the Consolidated Virginia the tails ran over 
blanket sluices, six sluices wide, and 1100 ft. long. 
They have a fall of }in. to the foot. 

At the Brunswick Mill the tails run over blanket 
sluices, which are 26in, wide, and 400 ft. long. 
There are eight abreast, but only seven are worked 
at a time. They are divided into two divisions, 
each 200 ft. long. They are both washed every six 
hours, and each has two men to do the work. The 
four men collect 5 tons of sulphurets in 24 hours. 
For the slimes there are eight slime vats, which are 
worked four at a time, The slimes are worked 
exactly as the ore is, but are kept separate from it, 
as there is not so much gold in them as in the ore. 

All the mercury collected from the pans and 
settlers is carefully washed and strained through a 
canvas bag to remove as many impurities as possible, 
and is then again strained. All the amalgam col- 
lected from the shoes, dies, and elsewhere, is cleaned 
in a Knox pan. 

The bags for straining the mercury are made of 
cotton duck, either sewed directly on to an iron 
ring, as in most of the mills in California and 
Nevada, or attached to leather sewed to the ring 
as in some of the mills in Colorado, These bags are 
from 10 in. to 12 in. in diameter at the top, and 
from 24 in, to 28 in. long. They often hold as much 
as 1200 lb, of amalgam. The weight of the mercury 
is always sufficient to make a preliminary straining 
without its being touched. They are set in a hole 
cut either in a table (Fig. 35) or in a box prepared for 
the purpose, which were formerly always left open, 
but are now arranged so that they can be locked 
(Fig. 36), which is the best disposition. At Judd 
and Crosby’s Mill the mercury is dipped out of the 
mercury receiver of the settler with a cup once in 
two days, as it accumulates, and the plug drawn 
once a week to discharge the mercury, which is 
carried in small pails to the strainer. At the Bruns- 
wick Mill all the mercury and amalgam from the 
settlers flow into a locked tank 6 ft. by 4 ft. and 
1 ft. deep, which has 6 in. of water on the bottom. 
Here there is one box (Fig 36) between every two 
settlers. The upper part has an opening just large 
enough for the men to pourin the mercury, but 
only the amalgamator opens ‘the lid to work the 

. The bags reach down nearly to the 
bottora of an iron vessel placed on the floor about 
18 in. high and 18 in. in diameter, set inside one 
20 in. high and 20 in. in diameter. In the Eureka 
Mill a canvas cloth curtain of the inside diameter 
of the tub is attached to the underside of the table, 
and falls nearly to the bottom of the receptacle to 
insure that no mercury will be lost. All the mercury 
and amalgam collected in the kettles from the pans 
and settlers, are poured into this canvas strainer, 
which is filled nearly to the top. 

At the Eureka Mill, from the bottom of the re- 
ceiver an inch pipe connects the reeeiver boxes of the 





twelve bags with a cast-iron receptacle 16 in. by 
30 in. and 12 in. deep, which always has 3 in. of water 
to prevent spattering. ‘The tank connects by a pipe 
with an ordinary force pump which _—_ all the 
mercury from the ipaaailons in themill intoa receiv- 
ing reservoir 2 ft. by 4 ft. and 14 in. deep, which is 
2 ft. above the highest point where mercury is used, 
which distributes the mercury to all the pans. From 
the main tank it runs by gravity through a } in. pipe 
to small tanks 12 in. by 12in., and holding from 
300 Ib. to 350 1b. of mercury—there being one 
for every two pans—each having three holes, the 
centre one bringing the supply of mercury from 
the tank, the others, one on each side, leading to the 


ns, 

The charge is gauged by a ring which slips up 
and down on the circumference of the supply pipe. 
When the charge of pulp is put into the pan, the 
two side holes leading into them are closed by a 
plug of wood about 14in. long, and the centre 
supply hole opened by the removal of its plug, 
until the mercury rises to the level indicated by the 
gauge. The supply is then cut off and the basi 
waits for the charge. The reservoir contains one 
charge at a time, and is discharged into the pans 
through an iron pipe. 

(To be continued.) 





ON THE REMOVAL OF RIVER BARS BY 
INDUCED TIDAL SCOUR. 
By I. J. Many, C.E. 
(Continued from page 108.) 

THE agencies chiefly concerned in the formation 
of nearly all bars, and to which alterations in their 

osition and dimensions may be traced, are mani- 

estly reducible to two, namely, waves and currents. 
These naturaily produce results of an extremely 
varied character ; acting sometimes antagonistically, 
as, for example, at the mouths of the Danube, where 
the accumulations brought down by the floods are 
subsequently dispersed by the waves; and sometimes 
conjointly as at Dublin, where the formation of the 
North Bull sand-bank and bar is due to the united 
influence of waves and tidal currents. 

The action of waves at and near the surface is 
sufficiently well understood, and there is little dif- 
ference of opinion on the subject; the depths to 
which their motion is transmitted, and the manner 
and extent of their action on the bottom is not, 
however, so well known, and appears to be still open 
to further investigation. 

Whether regarded as an adjunct to tidal scour, 
or as an active agent in the development of sand- 
banks and shoals, the action of ordinary waves on 
the bottom is an element materially affecting the 
design of works connected with the deepening or 
removal of river and harbour bars, and although it 
is perhaps impossible to assign definite limits to the 
depth at which wave disturbance produces effects 
sufficiently marked to be appreciable in practice, 
there is abundant evidence that in the comparativel 
shallow waters, in which bars are usually foul 
the effects produced on the bottom by wind-waves 
of even moderate dimensions are very considerable. 

Some differences of opinion have, however, 
existed in connexion with this subject, and the 
author hasendeavoured to condense some informa- 
tion of a practical and reliable character relative 
thereto. 

The report of the British Association Committee 
on Waves—Mr. Scott Russell, reporter—contains 
the following statement: ‘‘ It became necessary to 
determine whether waves of the sea produced an agi- 
tation which extended to the deep parts of the water. 
It was found that even in moderate depths they do 
not. Thusin a depth of 12 ft. waves 9 in. high and 
4 ft.or 5 ft. long do not sensibly affect the water 
at the bottom.” Sir J. Rennie considered that 
waves produced little or no effect at a fathom and 
a half below the surface, and a depth of from 12 ft. 
to 15 ft. under low water was believed by Mr. J. 
M. Rendel to be the level below which ordinary 
pierre perdue remained undisturbed.* 

Twenty-two feet below low water is mentioned 
by Mr. Murray as the limit below which wave action 
had no effect on small stones.t 

The Astronomer Royal, whose name is so inti- 
mately connected with the investigation of the 
theory of waves, has expressed opinions on this part 





* “Design and Construction of Harbours,” by T. 
Stevenson, page 85. 

+ Minutes of Proceedings of Institution of Civil Engi- 
neers, vol. xviii-, page 108, 








of the subject difficult of reconciliation; stating, 
with reference to the construction of a harbour of 
refuge in Dover Bay, that on the whole it was very 
unlikely that shingle is sensibly moved at a depth 
of a few feet, while more recently in the discussion 
which followed the reading of a paper by Pro- 
fessor Prestwich ‘“‘On the Origin of the Chesil 
Bank,” Sir G. Airy contends that a great part of the 
shingle forming this bank had actually been pulled 
up out of the bottom of the sea by the enormous 
agitation of the water which sometimes takes place 
there.* Professor Haughton in the evidence before 
alluded to considers that the greatest waves do not 
produce more than a very slight disturbance at a 
depth of ten fathoms, are therefore quite incapable 
of moving large gravel at that depth, and that the 
only materials moved by the sea are those moved 
by currents and not by waves, 

On the other hand, Mr. R. Stevenson states that 
large drift stones weighing upwards of two tons each 
have during storms been thrown on the Bell Rock, 
which is twelve miles seaward of Arbroath, from deep 
water ; and these large boulders are so familiar to the 
light keepers at this station as to be by them termed 
‘‘travellers”—the soundings in the immediate vici- 
nity of the Bell Rock vary from 12 to 28 fathoms. 
Sir J. Coode also found from personal examination 
made by the aid of a diving-dress that the shingle of 
the Chesil Bank was moved by winter storms at a 
depth of eight fathoms,f It is also stated by Mr. J. 
N. Douglass that at the Bishop Lighthouse, situated 
on the westernmost rocks of the Scilly Isles, coarse 
sand has been thrown during heavy storms from a 
depth of 25 fathoms on to the lantern gallery, which 
is 120 ft. above low water.{ ‘Lhe effect of submerged 
elevations of the sea bottom in reducing waves has 
been frequently observed to occur in comparatively 
deep water, At the Gulf of Spezzia for instance on 
the north-western shore of Italy, a sand-bank 
stretching across the entrance to the gulf, on which 
there is adepth of 94 fathoms of water, is described 
as forming a natural breakwater which prevents 
large sea waves from entering the gulf.§ 

On the edge of the Banks of Newfoundland the 
agitation during storms has been known to affect 
the bottom at a depth of over 80 fathoms, and at 
St. Jean de Luz, in the Bay of Biscay, it is said that 
wave disturbance has extended to a depth of 300 
metres (over 160 fathoms).|| Waves of moderate 
size have also been frequently observed to change 
their colour from the abrasion of the bottom after 
passing into water of seven or eight fathoms. 

In some experiments made by the author during 
the summer of 1878, for the purpose of determining 
the amount and description of solid material held in 
suspension by the sea-water in the neighbourhood 
of Dublin Bar, it was found that in calm weather 
the suspended material always consisted of soft im- 
palpable alluvium varying from one grain to three 
grains per gallon, but in a few instances when the 
samples were obtained during moderately rough 
weather, the waves averaging about 4 ft. high and 
the depth from five to six fathoms, the principal part 
of the precipitate consisted of fine sand amounting 
to as much as six grains per gallon ; the samples in 
every case were taken from a depth of 20 ft. below 
the surface. 

The fishermen at Dalkey, on the south side of the 
entrance to Dublin Bay, are unanimous in stating 
that the wicker traps used by them in lobster fishing 
are frequently broken, or otherwise injured during 
heavy gales, while lying on the bottom in 10 fathoms 
at low water, the largest waves on this of the 
coast rarely exceeding 9 ft. or 10 ft. in height. Mr. 
J. N. Douglass also alludes to similar effects pro- 
duced at the Land’s End, where the lobster tra: 
were frequently filled with coarse sand and shingle 
during heavy ground swells in depths of water — 
30 fathoms. This information is stated by Mr. 
Douglass to have been obtained from the fishermen, 
there seems, however, no reason to doubt its 
accuracy, for Sir G. Airy mentions that ground swells 
frequently break in a depth of 100 fathoms.** 

In an elaborate treatise on the movements of 
the sea with respect to its hydraulic relation to 
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t Stevenson on Harbours, p. 17. 
_I Minutes of Proceedings of Institution of Civil En- 
gineers, vol. xl., p. 103. 
Revue Maritime, 1874. 


Minutes of of Institution of Civil En- 
gineers, vol. xii., p. 551. 

{J Minutes of i of Institution of Civi) En- 
gineers, vol. xl., p. 103 

** Encyclopedia 


Metropolitana. 














June 6, 1879.] 


ENGINEERING. 


475 





ports and shores, recently read before the Royal 
Venetian Institute of Science, Signor A. Cialdi 
states that what has been called the “ zone of sand- 
ing-up” extends from the coast line to a depth of 
164 fathoms in the ocean, to 82 fathoms in the 
Mediterranean, and to 44 fathoms in the English 
Channel, and that sea waves have a visible trans- 
porting power to a depth of 109 fathoms in the 
ocean, 27 fathoms in the Mediterranean, and about 
92 fathoms in the English Channel; the materials 
deposited in this zone he regards as being derived, 
from deposits brought down by rivers, from coast 
erosion and from the productions of the sea itself.* 

Most of the effects just described appear to be 
somewhat at variance with theory, showing a greater 
amount of disturbance below the surface than 
should be expected, the last-mentioned observer 
having deduced from theoretical considerations, 
that at a depth equal to the length of the wave, or 
distance from crest to crest, the motion would be 
only about 1-534th of that at the surface. 

The results of various investigations and observa- 
tions would seem to lead to the following conclu- 
sions : that each particle of water under the in- 
fluence of an ordinary wind-wave moves in a vertical 
plane parallel to the direction of the wave's motion, 
and describes an elliptical curve; starting from a 
a level a little below the centre of the ellipse, each 
particle returns to a position slightly in advance of 
that which it originally occupied ; as the depth below 
the surface increases, the ellipses become smaller 
and flatter (the longer axes being horizontal), until 
at the bottom the curve merges into a straight line, 
and the motion is simply forwards and backwards, 
but still continuing to deposit each particle in ad- 
vance of where it was picked up (see Fig. 23). The 
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peculiar motion just described was first observed by 
the Brothers Weber, who used for their experiments 
a long trough furnished with transparent sides, and 
containing water holding numerous minute particles 
of matter in suspension, the actual movements pro- 
duced by a wave were thus madevisible. The for- 
ward and backward movement of light substances 
in contact with the bottom is easily observable in 
any body of clear shallow water when agitated by 
ordinary waves. 

This explanation, regarded by Professor Ran- 
kine as admitting of general application, leads to the 
conclusion that all sea waves partake more or less 
of the character of waves of translation. Accord- 
ing to Messrs. Weber’s experiments, in the case of 
perfectly uniform waves, the particles describe com- 
plete ellipses returning to the points from which they 
started, and the forward movement shown in 
Fig. 23 was only observed when a small wave- 
hollow followed a large wave-ridge; allowance 
must be made, however, for the great difference 
between the waves of the sea which are so extremely 
varied and irregular—two consecutive waves being 
rarely of the same form or dimensions—and those 
produced in a long shallow trough having the direc- 
tion of their motion confined to a straight line. 

The forward transference of the particles thus 
produced satisfactorily accounts for observed pheno- 
mena ; extraordinary high tides in the Irish Channel, 
for example, may be referred to the accumulated 
heaping up of the water of the Atlantic by waves 
moving under the influence of strong southerly or 
south-westerly winds. The double tides before 
alluded to are also referable to the same cause. In 
the Sea of Tuscany this heaping of the waters on 
the coast by the action of the wind and waves is 
stated to amount to 19in.; in the Adriatic to 3} ft; 
and in the ocean to about 6} ft. 

There is additional reason to believe that this ex- 
planation may be applied to the waves which have 
to be dealt with in connexion with bar formation or 
removal, for these waves, generated in the deep water 
of the adjoining sea, on entering the shallow water in 
which bars generally occur have a decided ten- 
dency to become waves of translation even if they 
were not so before. 

(To be continued.) 








GERMAN UNDERGROUND TELEGRAPHS.—Germany has 
now 1277} miles of underground telegraphs. 
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ARCTIC METEOROLOGY. 


CONSIDERING the numerous expeditions which the 
British Government has sent to the Arctic regions 
since 1818, both for the p of discovery, and 
in search of the lost Am ~ sl under Sir John 
Franklin, it certainly appears surprising that no 
attempt has hitherto been made to combine the 
meteorological observations made on board the 
several ships at the various times, and in the diffe- 
rent districts, so as to form a general and connected 
view of the meteorology of those regions. Scientific 
research is always held out as one of the great in- 
ducements for undertaking such costly expeditions, 
and meteorology is most assuredly not forgotten in 
the instructions issued to the commanders in any 
single instance, Even if special arrangements for 
its prosecution had not been made, the ordinary 
routine of a ship’s logbook requires constant atten- 
tion to winds and weather; and every scrap of 
information, every fact recorded in those little-fre- 
quented regions must have been known to Govern- 
ment and scientific councils, to be of exceptional 
value both to nautical, commercial, and scientific 
men. Dr. David Walker, who kept the meteor- 
ological register during the celebrated voyage of the 
Fox, under McClintock, said, in a paper read to the 
Meteorological Society in 1860: ‘‘ The meteorology 
of the Arctic regions is particularly interesting, not 
only from the occurrence of phenomena, which 
seldom present themselves elsewhere, but also on 
account of the few opportunities afforded of making 
and recording any meteorological observations.” 
Nevertheless it has always happened that after an 
abstract of the. meteorological register has been pre- 
pared—and generally very badly prepared—for the 
narrative of the particularexpedition, authorised to ke 
published by the Admiralty, the said register has in- 
variably been consigned to oblivion, let us hope in the 
Public Record Office, though after the lapse of a 
few years, whether it has or not got into that limbo 
nobody seems to know. The fact is that the scien- 
tific societies are very assiduous in urging upon 
Government the outfit of expeditions for scientific 
objects, but they are quite indifferent as to what 
becomes of the observations brought home, ‘Thus 
it is that of the numerous meteorological registers 
that have been compiled with so much bitter 
trouble, and at such vast public expense, in the 
Arctic regions, nothing but mere abstracts have ever 
seen the light. In the case of Captain lLiyon’s 
perilous attempt to reach Repulse Bay, though he 
published a narrative, he even forebore giving a 
meteorological abstract, stating, ‘‘ I purposed add- 
ing to the appendix a copy of our meteorological 
journal; but it has been registered on so extensive 
a scale, that .it would be too much to insert in this 
small volume,” and nothing has been done with this 
precious document since. 

From the expedition of 1818 under Sir John 
Ross, to that of 1875 under Sir George Nares, no 
abstract of the meteorological observations, no ac- 
count of their results, can be mentioned that is 
worthy the paper on which it is printed. Nothing 
like the account to which Americans turned the 
meteorological observations of their few Arctic ex- 
peditions, can be found for any British expedition. 
There is, however, one exception, the private ex- 
pedition of the Fox, for the meteorological observa- 
tions of which, one of the best meteorological mono- 
graphs extant has been published (mark the fact !) 
not by the British, but by the Americans. -This 
will be found in the ‘‘ Smithsonian Contributions to 
Knowledge,” No. 146. The author of this ad- 
mirable monograph, C. Schott of the United States 
Coast Survey, also prepared the equally excellent 
Smithsonian monographs on the meteorological ob- 
servations made by Kane and Hayes. Beyond these 
monographs by Schott there is absolutely nothing 
worthy of the name on the meteorology of the 
Arctic regions, until in very recent years the 
Swedes, Germans, and Austrians have shown us 
how to utilise expeditiously scientific observations. 
Thanks, however, to the enlightened views of the 
Meteorological Council this reproach to British 
science is, it appears, to be removed, and an earnest 
of their wise intentions has just been published 
under the title of ‘‘ Contributions to our Knowledge 
of the Meteorology of the Arctic Regions,” Part I. 

It is not too much to say that had a good con- 
nected account been circulated of the meteorological 
conditions of the Greenland seas and of Baffin’s Bay, 
such as might have been prepared after the return 
of Sir E. Belcher in 1854, from the observations cf 
the expeditions between the years 1818 and 1854, it 





would have been of untold service to the navigators 
of whaling ships, by giving them the accumulated 
experience of educated navigators, which from their 
lack of education, means, and appliance they have 
not been able to get in a lifetime themselves, It 
would have tended to have made them enlightened 
observers of nature in her sternest aspects, to have 
sent them forth forewarned and forearmed, to have 
directed them, with better success may be, to the 
objects of their pursuit, the whales, seals, and 
walruses of those waters, and to have prevented, 
probably to some extent, the loss of ships and sea- 
men in those perilous seas. That we are not alone 
in this opinion may be seen from the following 
quotation from the talented and heroic Arctic ex- 
plorer, Dr. Elisha K. Kane, who, in his work, 
entitled the ‘‘ First Grinnell Arctic Search Expedi- 
tion,” says, ‘‘ I have been surprised that this region 
(Baffin’s Bay) has been so little attended to by the 
very able —— hydrographers who have visited 
these seas. ‘The valuable wind and current gene- 
ralisations of Lieutenant Maury would be especially 
—— to ice navigation, and their application to 
the fishing grounds of Baffin’s Bay would be a 
matter of large utilitarian interest. The com- 
manders of the whaling ships are an intelligent set 
of men, and they have acquired by dint of long and 
sometimes dearly bought experience a valuable tact 
in the navigation of this intricate region, It is 
surely to be regretted that the materials which they 
could furnish have not yet been made a subject of 
scientific record and comparison. Since the year 
1819, from which we may date the opening of 
Melville Bay, no less than 210 vessels have been 
destroyed in attempting its passage.” 

Again, how forcibly does Sir L. McClintock point 
out the neglect of these whaling grounds by the 
Government to whom they belong, in the omeg 
passage, from ‘‘ The Voyage of the Fox,” publishe 
in 1860: 

‘* Captain Walker tells me there are many years 
in which the whalers can pass up the western shore 
late in the season, but not always so far as Pond’s 
Bay ; of Melville Bay after the 10th or 15th of July 
they know —. but the voyages of discovery 
afford us ample details; whilst of the southern 
route, almost nothing has been publicly known. 

‘There are many intelligent wholes captains 
who possess much valuable knowledge of these lands 
and seas, and even in the terra incognita of Frobisher’s 
Straits* whalers have wintered, whilst our charts 
scarcely afford even a vague idea of the configuration 
of these extensive islands. The so-called ‘ Home 
Bay’ has been penetrated for 50 miles, and is sup- 
posed to be a strait leading to Fox’s Farthest, Scott's 
inlet is also said to be a strait leading into a western 
arm of the same sea. A surveying vessel would be 
usefully employed for a couple of summers in 
tracing the general outline of these possessions of 
Her Majesty, more icularly as they are rather 
thickly inhabited by Esquimaux most eager to barter 
their produce for rifles, saws, files, knives, needles, 
and such like articles. Good coal has been found 
upon Durbin Island (near Cape Searle) in a con- 
venient little cove upon its southern side; and as 
the old sailing whalers are fast being replaced by 
steamers, this place may become of great importance 
to them,” 

The contributions now made to Arctic meteoro- 
logy, in Part L., are merely results of second-rate 
registers ; much heavier and more important work 
has evidently to follow, such as the results from 
the hourly, bi-hourly, or four-hourly sets of obser- 
vations which were made during several of the 
polar voyages. It must be conceded, however, that 
the present results have been ‘prepared in s0 
thorough a manner as to augur well for the suc- 
ea | portions. 

To have given the observations in detail, would 
preposterous. It would have 
been addin ons of useless observations to 
those already in print, The facts have, how- 
ever, been bound into bundles by consistent sta- 
tistical methods. Whatever has been done for one 
meteorological element, the same been done, as 
far as the observations would .allow, for the others. 
Thus, if means of —— are given for the 
observing hours, the like means for barometer, 
winds, and weather have also been adduced, so that 
the results presented are throughout correlative. 
The only respects in which a departure from this 
plan is apparent, is with regard to the wind, the 

* Proved to be a deep bay by the American Arctic ex- 
plorer, F. Hall, in 1860; though it was not marked so on 
our cbart till very recently. 
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PUMPING ENGINES AT THE CHISWICK MAIN DRAINAGE WORKS. 
CONSTRUCTED BY MESSRS. HATHORN AND DAVEY, ENGINEERS, LEEDS. 
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extremes of ieee. and temperature, and both | and, accordingly, summaries of the winds for each | of climate, it was necessary to give also the ex- 
are not only allowable, but quite justifiable. The | month have been compiled, which show the relative | tremes, and they are so presented, whether they 
means of the winds can caiy'te properly presented | frequency as to direction, and the mean force of | relate to the pressure or the temperature of the 
in the form of components or resultants, which direction. air, as to show their connexion with the other atmo- 
will not meet the requirements of practical seamen, As means afford very inadequate data for judging | spheric conditions. We know of no other work in 
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meteorology. Indeed, these tables 
possess the very high merit of being, 
a one exception, entirely 
suited for the discussion of climatic 
questions of an international cha- 
racter, the single exception being 
the — together of the two or 
four daily observations of the winds 
into one monthly mean, instead of a 
monthly mean for each hour of obser- 
vation, as is so admirably carried out 
by Professor Reubenson in his annual 
reports of Swedish meteorology.” 

e desiderated exception does not 
occur in these results from the Arctic 
observations. The directions and 
forces of the winds have been re- 
solved into their components on rec- 
tangular ordinates, and the sums of 
the forces of the components N., S., 
E., W. are given for the several 
hours of observation each month, 
This principle of reducing the wind 
observations has been accepted in 
accordance with the views of Dr. A, 
von Oettingen, of ys as the 
only one which is scientifically justi- 
fiable. To obtain the atmospheric 
translation during a month, the re- 
- sultant. of these components would 
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have to be calculated. 

In dealing with these results for the 
winds.it should be well borne in mind, 
as Schott has so ably insisted, that “ It 
cannot be expected that the relations 
of the wind within the Arctic circle 
should come out with any degree of 
certainty from but a single year of 
observation, or even from several 
years; and before we can arrive at 
their true characteristics, we must 
combine results at different stations 
as well as in different years.” 

It will be well for meteorologists 
to await the completion of this Arctic 
work, before attempting such com- 
bination of the data. 

Schott has also noticed that, ‘‘ The 
diurnal variation, which is almost 
vanishing in the higher latitudes of 
the Arctic regions, can only be satis- 
factorily traced by means of a combi- 

nation of a great number of observa- 
spheric pressure, the mean monthly pressure for | tions; it is also frequently marked by the great 
. each hour of observation is given—‘‘an essential | irregular fluctuations in the atmospheric pressure.” 
conspicuously kept in view. requisite,” says a writer in Nature, “for the pre-| When sufficient is known of the diurnal range of 

In Blandford’s ‘Report on the Meteorology of | sentation of the data required in discussing various | meteorological phenomena in these regions, the 
India,” instead of a general monthly mean of atmo- of the more important problems of international | results prepared may be reduced to mean monthly 







































































which the principal association and correlation of 
phenomena, and of results of facts, have been so 
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values, and combination of the values made ; but 
at present it appears advisable to leave them as 
they are for the purposes of meteorology, physical 
geography, and navigation, The results are pre- 
sented as far as possible in such a form as to show 
the diurnal range of each of the meteorological 
elements, and so that they may be readily incor- 
porated with similar data obtained for the same 
to place in any other years. 

e observers’ original notes relating to phe- 
nomena which cannot be averaged, as luminous 
meteors, ice, animals, &c., are given, all of which will 
be appreciated by any persons who may have occasion 
to revisit these parts of the world. 

The preface says, ‘‘The work has been under- 
taken with the view of collecting together the 
information as to the climate of the Polar Regions, 
especially of the portion in the vicinity of the 
American continent, contained in the log-books 
and journals of the various British expeditions,” 
If the Polar Regions be considered to be bounded 
by the parallel of 60 deg., they embrace an area of 
no less than 13,186,853 square miles. Commencing 
with Cape Farewell on the parallel of 60deg., and 
meridian of 45 deg., the highest latitude explored 
is 83 deg., about the same meridian, and westward 
to 85 deg. W. The limits of the district now under 
investigation a may be roughly 
taken, as from 60 deg. to the Pole, and from 45 deg. 
to 105 deg. W., which embraces an area of 2,197,809 

uare miles, or one-sixth of the Polar Regions, 
which includes Hudson Strait, Cumberland Sound, 
Davis’ Strait, Baffin’s Bay, Lancaster Sound, and 
all the straits and channels westward to Melville 
Island, the Gulf of Boothia, Smith Sound, Kennedy 
Channel, Robeson Channel, in all which localities 
observations have been recorded, 

The first part refers to land stations, and it is 
proposed that the second and third parts should 
respectively contain the results obtained from ships 
frozen up, and from ships at sea within the region 
embraced by the investigation. These stations are 
York Factory, Fort Confidence, Frederickshaab, 
Julianeshaab, Batty Bay, Repulse Bay. Particular 
attention has been given to the reliability of the 
instruments used ; the corrections of the instru- 
ments being in all cases discussed; and the obser- 
vations have been properly reduced as far as possible, 
and the winds corrected for variation of the com- 
ass, matters which have been very often neglected 
by the compilers of the various published abstracts. 
Some of the principal features of the climate of these 
localities we propose to place before our readers in 
a succeeding notice. 





THE CHISWICK MAIN DRAINAGE WORKS. 

We illustrate to-day, by Figs. 1 and 2, on page 477, the 
general arrangement of the pumping station of the 
Main Drainage Works at Chiswick, and by a per- 
spective view on page 476 the construction of the 
pumping engines placed there. These works were de- 
signed, and have now been nearly completed, by Mr. Henry 
Oliver Smith, the engineer to the Chiswick Improvement 
Commissioners, and were commenced in the summer of 
1877. The engines were designed by Mr. Henry Davey, 
and constructed on his patent by Messrs. Hathorn 
and Davey, of Leeds. One of the two pairs now at 
Chiswick was oxhibited by tho makers with other ma- 
chinery at Paris, where it gained a gold medal, and where 
its extreme simplicity of design and directness of action 
contrasted very favourably with the very opposite 
characteristics shown in most of the pumping machinery 
of foreign design. 

The present population to be served by tho works at 
Chiswick is about 10,000, but the works are arranged so 
as to serve for an increase up to double this number. 
The existing sewers, which discharge into the Thames, 
are to be utilised as surface-water drains, carrying only 
the rain water from the streets and pavements into the 
river, and these will be improved and extended as re- 
quired. The new drainage system is being constructed 
for sewage proper, but to avoid too expensive works the 
rain water from roofs and areas enclosed with houses will 
be allowed to pass into the house dreins, and thence away 
along with the sewage. Tho water supply of Chiswick 
amounts to 30 gallons per head per day, and to be on the 
safo side the maximum quantity of rain water to be 
= through the new system been assumed to be 
equal to the sameamount. This would make the extreme 
wot-weather flow 600,000 gallons per day for the present 
population, and on this basis the works have been de- 
signed for an extreme wet-weathor flow of 1,200,000 
gallens per day for the doubled population to be provided 
for. To guard against the possibility of accidents, the 


whole pumping plant is in duplicate, and either one of the 
two"pairs of engines and pumps is large enough to do 
easily the maximum amount of pumping work here men- 
tioned. 





The works have been erected upon an area of about 
five acres purchased by the Commissioners from the 
Duke of Devonshire. This land has a level of about 
13.2 ft. above Ordnance datum, and is liable to excessive 
floods; it has, therefore, been raised to 19.0 ft. above 
datum, and completely encased with a wall of Portland 
cement concrete to 18.0ft. above datum, or 1 ft. above 
the highest recorded flood. The excessive quantity of 
subsoil water (as much as 4000 gallons per minute were 
pumped away on extreme occasions during the construc- 
tion of the pump wells) has made it necessary to give 
additional thickness to this wall between the levels of 
6.5 ft. below and 11.0 ft. above datum. 

The sewage has two outfalls, which communicate with 
the chamber to the left of the sluice valves in Fig. 1. 
By these valves it is led into either one or both of the 
straining wells, which are quite separate, and each of 
which communicates freely with one of the pump wells. 
In each straining well an iron grating is built (Figs. 1 
and 2) in order to intercept the coarser matter, which is 
collected and removed in barrows from time to time 
along a subway at a level of 11.0 ft. above Ordnance 
datum and then by a slope to the surface of the ground, 
where it is afterwards dealt with. The sewage water is 
to be delivered from the pumps through the pipes shown in 
Fig. 1, passing under the mixing house floor, and led by 
them into the upper distributing channel of the precipitat- 
ing tanks. Eight of these tanks are provided, each capable 
of holding 37,500 gallons, or one-eighth of a day’s dry- 
weather flow. In ordinary weather it is proposed to use 
four of these, filling them in succession, and adopting 
the system of intermittent discharge, thus allowing ten 
or twelve hours for the precipitation and filtration of the 
contents of each tank. In wet weather and when th) 
population has increased, more tanks will have, of course, 
to be employed. The filters are arranged in two sets of 
four each, at different levels. Under ordinary circum- 
stances the low-level series will be used, the water being 
drawn off from the tanks at a level of 13.5 ft. above 
datum, passed through the filter beds at a level of 12.5 ft., 
and thence through the low-levél discharge channel to 
the river. In times of flood the upper filters will be 
used, these being arranged to take the water from the 
tanks at 17.0 ft. above datum and to discharge through 
a high-level channel into the river. This treatment will 
involve the use of more tanks than usual and must be 
repeated until the floods subside sufficiently to allow of 
the water again passing through the lower discharge. 
During these periods the sluices of the lower collecting 
channel, as well as the tide flap of the lower discharge, 
will be closed. In times of long continued floods, if a 
less pure effluent be admissible to the river, the system of 
continuous discharge from the tanks (with or without 
filtration) can be employed instead of the system de- 
scribed. It is intended also to make arrangements by 
which the water can be further filtered through natural 
soil. 

The mixing house is shown to the right in Fig. 1. 
It contains two pairs of edge runners for grinding the 
lime and two agitators for mixing it with water. From 
each of the latter a 2 in. pipe (with a control valve) is 
carried to each pump well (Fig. 1) to convey the lime 
mixture to the foot of the suction pipes, through which 
and through the pumps it therefore passes along with 
the sewage, getting thoroughly mixed on its way. The 
grinders and mixers are worked through shafting and 
bevel gearing by a separate engine, as shown. 

The Davey engines at Chiswick are of a type differing 
somewhat from any of the “ differential” engines formerly 
made, and showing some advantages as compared with 
them, Tho two pairs (Fig. 2) are identical. Each has two 
cylinders 10 in. and 20 in. in diameter respectively and 
3 ft. stroke, placed vertically side by side, both high and 
low-pressure cylinders being jacketted. Two cylindrical 
rocking valves placed between the cylinders (the arrange- 
ment is shown best in the perspective view), suffice for 
the whole steam distribution ; there is no intermediate 
receiver. Each valve chamber communicates freely with 
the steam pipe when the stop valve is open, and has 
besides three ports, one to each cylinder and one for ex- 
haust. In cross section the talve resembles an ordi- 
nary D slide with more lap at one end than at the other ; 
its general mode of working will be easily understood by 
a reference to Fig. 3, which represents a modified form 
of the gear which will be referred to further on. Tho 
auxiliary steam cylinder and the cataract cylinder are 
placed vertically one above the other beside the high- 
pressure cylinder. The gear is actuated by a pin upon 
a disc on the end of the main gudgeon, the connexion 
between pin and dise being such that the stroke of the 
former can be changed at pleasure. By means of a 
vertical link this pin gives a rocking motion to a short 
weighshaft below the table, through levers on which one 
link drives the free end of the main valve lever and 
another the valve of the auxiliary steam cylinder. It 
is not necessary here to explain the action of Mr. Davey’s 
gearing, as it must be well-known to our readers, it 
having been described by us on several occasions. 

The two piston rods are prolonged downwards and con- 
nected directly to the upper ends of the pump plungers. 
The pumps themselves are of the bucket and plunger 
type, with 21-in. buckets and 15-in. plungers. Each pair 





of pumps is capable of lifting the full quantity of 1,200,000 
gallons of sewage in twelve hours as already mentioned, the 


total height of the lift being 21 ft.6 in. The two pump 
rods of each pair of engines areconnected by a wrought-iron 
plate beam, one end of which is connected with the upper 
end of each plunger by double links. The arrangement 
seems a capital one both for equalising the work and for 
connecting the two pistons, The amount of work trans- 
mitted by the beam is of course very small, so that the 
whole gearing connected with it can be made very light. 
The condenser of each engine is a cylindrical vessel placed 
between the two main pump barrels, the air pump being 
placed beside one of the latter and worked by an arm on 
the plunger head. 

Messrs. Hathorn and Davey are now making for the 
Lincoln Sewerage Works engines of the same general 
type as those which we illustrate to-day, but larger in size. 
In these engines Mr. Davey is using a valve gear in which 
his usual differential arrangement is applied to rocking 
valves, as in the Chiswick engines, with the addition of a 
similar separate cut-off valve of the same type. This 
arrangement is shown in section in Fig. 3, which has been 
already referred to. The position of the valves in reference 
to the cylinderis the same as in the Chiswick engines, but 
the auxiliary and cataract cylinders (H and G) are placed 
below instead of at the side of the cylinders. A and F 
are the low-pressure ports, B and E those for the high- 
pressure cylinder, D is the stop valve connected by a 
branch to the cut-off valve chamber, which communicates 
by ports up and down with the main valve chambers, in 
which work valves of the type already described. OC is 
the exhaust passage. The gearing is worked by an ad- 
justable pin carried on an arm on the end of the gudgeon, 
another pin in the same arm being used to move the 
valve of the auxiliary steam cylinder. The cut-off valve 
is simply worked by a link connected to a point near the 
free ond of the main valve lever. 

More recently Mr. Davey has also designed another 
modification of his engine, most ingeniously arranged so 
as greatly to reduce the distance between the cylinders 
while maintaining the long stroke and balanced pump 
rods. We illustrate this design in Fig. 4, an engine 
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which Messrs. Hathorn and Davey are making for the 
Chiltern Hills Water Company. The special feature 
of the arrangement is that the piston rods are not 
directly connected by links to the ends of the rocking 
lever, but only indirectly by means of the well-known 
form of parallel motion shown. In this way the piston 
rods come much closer together than the ends of the 
lever, which is double, to allow them to pass downwards. 
This arrangement has the great advantage, of course, 
that it renders this vertical inverted type of engine as 
suitable for deep well pumps as for low-lift pumps like 
those at Chiswick. For the reasons already mentioned, 
the rocking lever—and of course also the rest of the 
linkwork—may be very light, and all the pins and joints 
are perfectly accessible, The Chiltern Hill engine has 
cylinders 15 in. and 30 in. in diameter and 5 ft. stroke, 
and is fitted with a separate expansion valve for the high- 
pressure cylinder in the way already described. The 
pumps (bucket type) are 13 in. in diameter. The engine 
has a surface condenser, the water being passed through 
it on its way from the pumps to the reservoir. 

To return to the Chiswick Works, the steam for the 
two pairs of engines is supplied by three Cornish boilers, 
each 15 ft. long by 5 ft. in diameter and containing a 
single furnace 2 ft. 6in. in diameter; they are fed by a 
small donkey pump. From what we have seen of the 
excellent working of Mr. Davey’s engines already, we 
should expect particularly good results from this type, in 
which the special advantages characteristic of his system 








appear to be obtained with very great simplicity and in a 
minimum of space. The pair of engines exhibited at 
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Paris appeared to be an excellent piece of work. The 
Chiswick engines are, we understand, to be started next 
week, and we hope on a future occasion to be able to say 
something of their performance. 








ENGELBERT’S LUBRICATOR. 

Most engineers who have had experience in the work- 
ing of engines with high-pressure steam are well aware 
of the damage not unfrequently arising from the action of 
the fatty acids formed by the action of such steam on 
most lubricants. In many cases the corrosion of valve 
spindles, piston bolts, and other parts exposed to the 
combined action of the steam and such lubricants be- 
comes a most serious matter, necessitating expensive 
renewals. Under these circumstances a lubricant which 
is free from these objections deserves special recogni- 
tion. One of the best which has come under our notice 
is the lubricator of Messrs. Engelbert and Co., of 70 and 
71, Bishopsgate-street, London, which has been before 
the public some little time, and in fact has established 
a good reputation solely by virtue of its excellence. 
though composed of a mixture of pure hydro-carbons 
it does not volatilise at a temperature below 600 degrees, 
and therefore cannot be decomposed by high-pressure 
steam, Containing no mineral acids nor any saponifiable 
fatty acids, there is no fear of its having a corrosive 
action on boiler plates when used in engines having 
surface condensers or fitted with feed heaters in which 
the exhaust steam becomes mixed with the feed water. 
It has, moreover, no tendency to become gummy, as 
proved by a number of experiments as well as by use in 
practice, It moreover is shown by chemical analysis 
to possess only a slight trace of inorganic matter, namely, 
.08 per cent., and its specific gravity is .880. In 
order to test this lubricant for oxidation and sponta- 
neous combustion, cotton-waste was saturated with it 
and allowed to remain ina warm room for several weeks 
without any injurious effects whatever resulting. The 
saving stated to be effected by its use over tallow for 
steam cylinders is very considerable, and we may mention 
that the experience of the Lowmoor Iron Company is 
that 34 1b. of this lubricant lasts as long as 48 1b. of 
tallow. It is being used on the two largest engines in 
Lancashire, at Messrs. Thomas Taylor and Sons, of 
Bolton, also on a 1200 horse power engine at Messrs, 
Clark’s Anchor Thread Works, Paisley, and on a 100-in. 
cylinder pumping engine at Earl Rosslyn’s collieries, 
Dysart, N.B. We understand that all the woolcombers 
in the north of France have adopted it as the best 
lubricant known for woolcombing machines. Alto- 
gether, this material appears to be one which is of 
value to every user of machinery and steam power. 


THE COLTNESS BOILER EXPLOSION. 
THROUGH the courtesy of Mr. Lavington E. Fletcher, 
the engineer-in.chief of the Manchester Steam Users’ 
Association, we are enabled to reprint from his last monthly 
report the following extract dealing with the recent ex- 
plosion at the Coltness ironstone pit. We shall have more 
to say about this explosion on a future occasion. 


A Compound Explosion in which Siz Boilers blew up 
together. 

No. 3 Explosion, in which case six boilers burst and 
flew away together like a covey of birds, took place at an 
ironstone pit near Coltness, Scotland, at about a quarter 
before six on the afternoon of Wednesday, M: 19th, 
killing one man and injuring three others. 

A few days after the explosion an officer of the Associa- 
tion visited the scene of the catastrophe to make an inves ti- 
gation, but found some of the fragments so buried in the 
swampy ground on to which they been thrown that they 
could not be completely examined. To enable a satisfactory 
examination to be made, the owners of the boilers deter- 
mined to have all the fragments laid out in order, and for 
that purpose to have them removed to their iron works, some 
miles distant. After this plan had been carried out, the 
Association’s inspector made a second visit on the 28th and 
29th of April, when he completed his examination. The 
partial investigation at the first visit had excited the 
suspicion which subsequent examination confirmed, that 
the cause of the explosion was the same as in the one that 
occurred at St. Helens on the 18th of February, 1872, 
reference to which will be made later in this report, but it 
was not thought desirable to enter on the subject until a 
full investigation had been made, and therefore, although 
this explosion took its rank briefly in the Table given in last 
month’s report, detailed reference has been deferred till 
now. 

These six boilers formed part of a series of ten, set side 
by side, all of them being of the plain cylindrical, egg- 
ended, externally-fired class, while the position in the series 
that the six under consideration assumed was to the left- 
hand. The length of the boilers was 35 ft., the diameter 
5 ft. 6 in., the Sane of the plates 3 in., and the blowing- 
off pressure 45 lb. per square inch. 

Though these six boilers are said to have flown off to- 
gether, it must not be understood by that that “. all 
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burst precisely at tLe same instant, as if by magic. 

is nothing mysterious in these compound explosions. The 
expression that the boilers flew off together is convenient 
rather than scientifically accurate. There can be no doubt 
that one boiler burst first, and that the explosion resulting 
therefrom started the others, while the one that burst first 
appears to have been the outer one on the left-hand side. 
This gave way primarily in a !ougitudinal direction, the 
rent ranning through the manhole, as well as through two 
other openings on the top of the boiler, after which the 
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rent assumed a very irregular circumferential course, and 
branching off in various wae. ultimately severed the boiler 
into thirteen fragments. e fractures in the other five 
boilers were of a'much more simple character. The boilers 
were all torn asunder transversely, at the circumferential 
seams of rivets, the rent running through the line of rivet 
holes, at about midway in the lengths of the boilers. In 
three cases the boilers were severed at one ring seam of 
rivets only, while in two others they were severed at two 
ring seams of rivets, leaving an intermediate section of two 
belts of plating. In none of these five boilers, however, 
were the rents longitudinal. There was an essential dif- 
ference in the course of the rents in the boiler supposed to 
have burst first, and in the boilers supposed to have burst 
afterwards in consequence of the bursting of the first. 
The remaining four of the series that had not burst were 
all dislodged and driven to the right, while the external brick 
flues were brokendown. The fragments of the boiler that 
burst first were scattered forwards and backwards, as well 
as to the left, the greatest distance being 250 yards, while 
the f: ents of the other boilers were, with one exception, 
blown fore and aft only, and as nearly as may be in the 
direction in which the boilers originally lay, the greatest 
istance to which any of.these f: ents were thrown being 
244 yards. The exception referred to consisted of one of 
the intermediate sections, containing two belts of plating, 
and this was blown over to the right to a distance of 100 
yards. The chimney was knocked down, and the winding- 
engine house and adjoining smithy demolished, as well as 
the firemman’s hut, while bricks and other débris were 
scattered all around, some to a distance of 400 yards. 
Three engine and boiler tenters who were in the hut at the 
time were seriously injured, one of them so severely that 
he died in consequence some weeks after. In addition to 
this, a miner not connected with this pit, who was walking 
along a public footpath, was struck so severely by a portion 
of the débris, that his collar bone was broken, though 
according to report he was as much as 130 yards from the 
boiler. The disarrangement of the entire series of boilers 
disabled the winding engines so that the miners at work 
below ground could not be brought up theshaft. Happily, 
however, they were able to make their way underground 
to an adjoining colliery, where they were safely brought to 
the surface.* 

On turning to the cause of the explosion, it may be pointed 
out in the first instance that it was found on examination 
that the boilers were not thinned or weakened by corrosion, 
and that they were in good condition throughout; the 
cause of the explosion therefore will have to be sought for 
in another direction. It appears that the boiler in which 
the ay rent occurred had been cleaned out internall 
on the day of the explosion, also that the fire was ligh 
about 3 o’clock in the afternoon, and ata quarter before 
six the boiler burst. As such cleanings took plage when 
the other boilers in the series were at work with steam up, 
and as the stop valves were not steam-tight, it was cus- 
tomary to drive a wooden plug into the outlet connecting 
the boiler with the stop valve, in order to prevent the 
steam as well as the hot water formed by condensation in 
the pipes finding its way into the empty boiler, much to the 
inconvenience of the men engaged therein. Though the 
plugging of the stop valve on this occasion is not confessed 
to, and evidence thereof is destroyed, inasmuch as the 
valve was smashed on the occurrence of the explosion, yet 
there is every reason to conclude that the plug had been 
inserted, and that it had been left in. Leaving the steam 
stop valve plugged, however, would not have been attended 
with any danger had there been a safety valve fixed directly 
on the boiler. As soon as the steam got up, the valve 
would then have blown off, and told the tale that some- 
thing was wrong, while at the same time it would have 
relieved the pressure and prevented anaccumulation. The 
safety valve, however, was grafted on to the stem of the 
casing containing the steam stop valve, and though between 
the stop valve and the boiler, and thus not affected by the 
closing of the stop valve, had not its own independent 
communication with the boiler, so that one plug choked 
the thoroughfare to the steam pipe and the thoroughfare to 
the safety valve. The steam had but one outlet through 
which it could escape, so that the eye the boiler hun; 
on a single thread. Added to this the boiler was not fit 
with a separate pressure gauge in direct communication 
it, but had merely a share in the use of one fixed on the 
main steam pipe, and thus common to the series, so that 
the pressure gauge availed only when the stop valve was 
open and the thoroughfare free, and not when the stop valve 
was shut down or the thoroughfare choked. Thus when 
the boiler was isolated and the pressure gauge most wanted, 
the boiler was virtually without one. It is of interest to 
add that three-quarters of an hour before the explosion took 
place the stop valve was raised, so as to put the boiler in 
communication with the rest of the series, and that it was 
usual at such times for the attendant to hear the steam 
rushing past the valve. On this occasion, however, he did 
not hear the usual sound. 

Looking at all the circumstances of the case, there can 
be little doubt that the explosion was caused by excessive 
pressure consequent on the plugging of the thoroughfare 
to the steam stop valve and safety valve, on the outer 
boiler at the left-hand side of the series, and that the rush 
of steam and water that ensued on the err ag dy this 
boiler so distressed the five others alongside that they 
burst also, though at their ordinary working pressure ; 
while it may be pointed out that the explosion shows the 
importance of equipping every boiler with at least one 
a 2 valve having its own independent communication 

* It is thought that if the ends of these boilers had been 
lashed together with suitable longitudinal tie bolts, the 
havoc would have been reduced. For remarks on this sub- 
ect, see No. 30 Explosion in Association’s printed 
Monthly Report for November, 1878. Also see foot-note 
attached thereto, giving reference to other explosions 
arising from externally-fired boilers, 





therewith, and also equipping it with a separate steam 


pressure gauge. 
This is the ninth compound explosion that has been 
recorded in the Association’s reports.* The first of these 
occurred on Friday, February 21, 1862, at Fenton Park 
Iron Works, when a series of three boilers burst, killing 
one man and injuring two others, The boilers in this case 
were all of the plain, cylindrical, externally-fired class, 
while a Cornish boiler lying onely at the right hand of the 
range was seriously damaged. Had steam been up in it at 
the time there can be no doubt that another explosion 
would have occurred. In this case the egg-ended boilers 
rent ommend at the circumferential seams of rivets, 
and the parts flew more than a quarter of a mile — 
one alighting on a cottage. The chimney and the last 
furnace belonging to the works were brought down and 
reduced to a heap of ruins.! The second compound ex- 
losion occurred on Wednesday, April 8, 1863, at the 
ossend Iron Works, near Glasgow, when a series of five 
boilers burst, killing nine persons and injuring four others. 
Injthis case four of the boilers were of the plain cylindrical, 
externally-fired class, while the fifth was a Cornish boiler 
fired internally.?_ The third compound explosion occurred 
on Wednesday, amigo 17, 1864, at the Aberaman Iron 
Works, South Wales, belonging to Mr. Crawshay Bailey, 
M.P. In this case ‘a series of two boilers, both externally 
fired, burst, killing thi persons and injuring ten 
others.* The fourth compound explosion occurred on 
Thursday, November 1, 1866, on board a steam tug when 
plying on the Avon, near to the Hotwells, Bristol, killing 
ve persons.‘ The fifth compound explosion occurred on 
Friday, Jan 13, 1871, at the Blair Iron Works, Dalry, 
Ayrshire, injuring three persons. In this case two boilers, 
of the plain, cylindrical, externally-fired type, burst’ The 
sixth compound explosion occurred at St. Helens on 
Sunday, February 18, 1872, killing four persons and injur- 
ing thirteen others. In this case three boilers in a range 
of five burst together, all the boilers being of the plain 
cylindrical, externally-fired class. The seventh componnd 
explosion occurred at Hollin Bank Mill, Blackburn, on 
Monday, March 2, 1874, killing eleven persons and injuring 
twenty others. In this case two boilers of the Lancashire 
type, internally-fired, burst.’ The “— compound ex- 
plosion occurred on Monday, March 27, 1876, at the 
Caledonian Bleach Works, Pendleton, killing one person 
and injuring one other. In this case both boilers were of 
the internally-fired mill ge 
It will be observed that by far the greater number of 
these compound explosions arose from boilers of the plain, 
eplindrionl, externally-fired class. It is worthy of note, 
however, that some of these explosions arose from boilers 
fired internally. With the high pressures now in use it is 
to be feared that if an internally-fired boiler with a shell 
7 ft. or 7ft. Gin. in diameter were to burst, the shock 
would be so great that those on each side would burst also, 
and thus instead of there being but one explosion there 
would be two or three, or perhaps more. It is therefore 
of the utmost importance that the Ce mer in the external 
shells of high-pressure boilers should be of ductile quality. 
The compound explosion referred to above that occurred 
at St. Helens on the 18th of February, 1872, is in many 
respects so similar to the one that occurred at Coltness, 
that an extract from the Association’s repert published at 
the time may be of service. The two reports confirm and 
strengthen one another. Had the warnings given in con- 
uence of the St. Helens explosion been followed, the 
Coltness explosion would have been prevented. The ex- 
tract is as followst....A of the above extract 
will show that the St. Helens explosion has repeated itself 
at Coltness, and will strengthen the recommendation 
already given that every boiler should be equipped with 
at least one safety valve having its own independent con- 
newion therewith, and also that every boiler should be 
equipped with a separate steam pressure gauge.t 
It is said that a system of compulsory inspection would 
be harassing to the steam user, but in this case it would 
not only have saved the life of the poor man that was 
killed, but also have saved the proprietor the loss of his 
six boilers, the derangement of the four others, and the 
stoppage of the works. This would surely have been a 
substantial benefit. 








Mason Wexsper.—Major Webber, R.E., the chief of 
the military section of the Postal Telegraphs, and who has 
had charge of the south-western and south-eastern divi- 
sions of the country, has been a to attend Sir 
Garnet Wolseley to the Cape, who has no doubt an appre- 
ciative knowledge of his capacity. Although Major Web- 
ber has been qualifying himself in telegraph engineering, 
civil and military, he has continued his general military 
duties, and will, from his additional knowledge of tele- 
graphy, be invaluable. For his energy and industry he 
is well known, and although it is a matter of pleasure to 
his friends that he has received this appointment, it is 
also a matter of regret to them to lose so genial a col- 
league. 


* For particulars of these a age er one 
he following Association’s monthly reports :—!' March, 
1862 ;2 ‘April 1863 ; * March, 1864; * levember, 1866 ; 
5 January, 1871; ° March, 1872 ; * March, 1874; * March, 


1876. : 

+ [The report from which the extract here referred to is 
made, was published by us in extenso on page 279 of our 
thirteenth volume, and it will be unnecessary therefore 
that we should reprint it here.—Ep. E.) f 

t For farther remarks on the danger of grouping the 
safety valve and steam stop valve on to the outlet, see 
a paper on ‘ The Lancashire Boiler ; its Construction, 
“4 Eripment, and Setting,”’ read before the Institution of 








M ical Engineers in London, May 3, 1876, by Mr. 
Lavington E. Fletcher, C.E. 
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HORIZONTAL ENGINE WITH AUTOMATIC EXPANSION GEAR. 
DESIGNED BY MR. DRUITT HALPIN, ENGINEER, LONDON. 


(For Description, see opposite Page.) 
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CONSTRUCTED BY MM. JOLY, JoLLi 
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VIADUCT OVER THE RIVER RANCE, NEAR DINAN. 
CONSTRUCTED BY MM. JOLY, JOLLY, AND DELAFOY, ARGENTEUIL. 
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WE illustrate with a two-page engraving, as well 
as by details above, the viaduct over the Rance near 
Dinan, on the branch from Dol to Limballe, of the 
Western Railway. This work, constructed by MM. Joly, 
Jolly, and Delafoy, of Argenteuil (Seine- et - Oise), 
was represented at the recent Paris Exhibition by 
drawings and models. We reserve the publication of 
a detailed description until next week, when it will be 
accompanied with further drawings. 








HALPIN’S HORIZONTAL ENGINE. 
WE give on the opposite page engravings of a new type 
of horizontal engine with automatic expansion gear, this 
gear, with other special features of the engine, having been 
designed and patented by Mr. Druitt Halpin, of 7, Victoria- 
road, Charlton, S.E. Referring to our illustrations, it 
will be seen from Figs. 1 and2 that the frame—which has 
the guide bars and crankshaft plummer block cast in 
one piece with it—is bolted at the cylinder end to a 
casting which completely encloses the cylinder and which 
forms both the valve chest and the steam jacket. The 
cylinder itself is bolted to tho frame at its front end, 
and except that it is further carried by the exhaust 
branch, as shown in Fig. 4, it stands out free from the 
sides of the enclosing chamber and is completely sur- 
rounded by live steam. The arrangement of the exhaust 
connexion, shown in Fig. 4, is, we may mention, in some 
respects an inconvenient one; but this defect of detail 
has been remedied by Mr. Halpin since the design we 
illustrate was prepared. The cylinder, it will be no- 
ticed, is provided externally with “heat-ribs” for assist- 
ing in the absorption of heat from the live steam, while 
the back cover is similarly ribbed, both inside and out, 
the piston being shaped to clear the internal ribs as 
shown. Altogether, as will be seen, Mr. Halpin has 
secured steam-jacketting of a very thorough kind. 
The chief feature of the engine, however, is the auto- 








matic expansion gear, this being a particularly ingenious 
arrangement. Mr. Halpin has but one slide valve, and 
he effects all the desired changes of cut-off with this 
single valve without varying the lead or the point of 
release. The arrangement of the gear is shown clearly 
by Figs. 1 and 2, whjle Figs. 5 and 6 give enlarged views 
of the valve face and valve respectively. 

As will be seen from Fig. 6, the valve used by Mr. 
Halpin is of a very peculiar form, and it has two dis- 
tinct motions given to it, the one being a to-and-fro 
motion of the ordinary kind, and the other a movement 
of partial rotation on an axis coinciding with the centre 
of the exhaust cavity, the extent of this last-mentioned 
movement being controlled by the governor. The con- 
nexions employed for giving these two movements are as 
follows: On the crankshaft is fixed a single eccentric 
having the throw and the position which would be suitable 
for working an ordinary slide valve having the same lap 
as the valve used. The “strap”—if we may call it so— 
of this eccentric is of a somewhat unusual pattern, as will 
be seen from Fig. 1, and it is not only connected by the 
rod 6 with the valve spindle in the usual way, but 
it is also coupled at g with another rod gh, the use of 
which is to work the cut-off motion. 

The valve spindle is coupled by the pin c to a kind of 
plunger which forms an efficient guide, this pin also 
making the connexion with the eccentric rod 6, and form- 
ing a fulcrum for the bell-crank lever m,’the use of which 
we shall explain presently. Inside the valve-chest the 
main valve spindle is coupled to the frame d, which slides 
on a face formed to sup it, and which is further 
guided by a projection on the valve-chest cover, as shown 
in Fig. 4. R kind of trunnion e, formed at the back of 
the valve, enters a corresponding hole in the frame d, 
this trunnion supporting the valve and also serving as the 
—— on which the movement of partial rotation takes 
place. 

We must now deal with the cut-off movement. By 





means of the link g h already mentioned motion is trans- 
mitted from the eccentric strap to a three-armed lever 
vibrating on the centrei. The link gh is attached to 
the outer extremity of the arm h é of this lever, while the 
arm ¢ k has a curved slot formed on it, the radius of this 
slot being equal to the length between centres of the 
links/. The third arm of the three-armed lever is coupled 
by the link r to the pump plunger, this serving as a 
counterweight to balance the attachments of the arm i k. 
To the curved slot at k a block is fitted, and by means of 
a pintraversing it this block is coupled to a pair of links 
4, and also to a single rod p which is led off to the 
governor. As will readily be seen, the governor—which 
is shown of the Porter type, although of course other 
types can be used—can by means of the rod p control the 
position of the block in the curved slot k. 

The lower ends of the pair of links / are connected to 
the outer end of the horizontal arm of the bell-crank lever 
m, to which we have already alluded as being mounted on 
the pin c, while to the upper end of the vertical arm c x 
of this lever a second valve spindleo is coupled. Inside the 
valve chest this second spindle is connected, by a short 
link, with a stud / cast on the valve, as shown by our en- 
gravings. 

Following out now the connexions we have described it 
will be seen that if it were possible to bring the upper 
ends of the links/ coincident with the centre of the three- 
armed lever i, scarcely any movement would be communi- 
cated to the bell-crank lever m, and the two valve spindles 
would then move to and fro together, and the valve would 
act precisely as an ordinary valve with the same lap. Inas- 
much, however, as the centre of the block in the slot & is 
always some distance from the centre i (this distance being 
controlled by the governor) a greater or less movement is 
always imparted to the bell-crank m, and hence the 
second valve spindle o is always moved relatively to 
the main spindle, The effect of this is that the valve 
instead of having a plain to-and-fro mov: ment only, has 




























































482 


ENGINEERING. 


[June 6, 1879. 








jal rotation on 


combined with this a movement of 
rotation we must 


the centre ¢«. The effect of this 
now explain. ae 

Figs. 5 and 6 represent, as we havealready said, views 
of the valve face and valve respectively, and referring 
to the former it will be seen that the face has a single 
exhaust port r, while each end of the cylinder commu- 
nicates with the face by two steam ports s s and s, s, re- 
spectively. The slide valve, on the other hand, is of the 
form shown in Fig. 6, the edges ¢¢and t:¢, being struck with 
the same radius as the corresponding edges of the ports. 
These edges, tt and tt, constitute the cut-off edges. To 
gi ea clear insight into the action of this valve we should 
recommend our readers to make a tracing of Fig. 6, 
and tolay this over Fig. 5. Then if thecentre on which 
the valve oscillates be kept on the horizontal centre line 
of Fig. 5 while the point marked wu in Fig. 6 is moved 
over one or the other of the curved paths marked on the 
right of Fig. 5, the action will be clearly seen. Of the 
two curved paths marked in Fig. 5, the larger shows the 
working of the valve when the governor is at its highest 
point, the steam ports in this case never opening at all, 
so that the steam is entirely shut off from the cylinder. 
The smaller path, on the other hand, corresponds to the 
lowest position of the governor, and hence corresponds 
to the maximum admission, By means of these two 
figures the movement of the valve can be very readily 
traced, and its action will be found to be very good. 
Apart from its action as a cut-off arrangement, there can 
also be no doubt that the compound movement given to 
the valve will greatly assist in maintaining a good work- 
ing face. 

A small model of the ingenious valve gear we have 
been describing was exhibited by Mr. Halpin at the re- 
cent conversazione of the Institution of Civil Engineers, 
and an engino fitted with this gear in a somewhat mo- 
dified form is being constructed by Messrs. Holborrow 
and Co., of Stroud. Of this engine, which will be ex- 
hibited at the forthcoming show of the Royal Agricul- 
tural Society, at Kilburn, we shall have more to say. A 
compound engine on Mr. Halpin’s plans is also in course of 
construction by Messrs. Manlove, Alliott, Fryer, and Co., 
of Nottingham, and with this engine—the design of 
which includes several special features besides the valve 
gear—it is intended that some exhaustive experimental 
trials shall be made. Of these we shall in due course 
be able to lay full particulars before our readers. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Proposed New Line of Railway to Hull.—There is 
considerable secrecy on the part of the promoters of the 
pocpeeet new line of railway fronr Hull to Barnsley. The 
ine will open up to’ the East Riding the coalfields of 
South Yorkshire. Itis stated that the gentleman at the 
head of the movement is Colonel Smith, a, well-known and 
wealthy banker of Hull, and he is supported by many 
coalowners, shippers, merchants, and others. It is sug- 
gested that in order to assist the project, meetings of 
capitalists and others interested should be held in Leeds, 
Sheffield, Bradford, and other centres of industry. The 
North-Eastern Comoens are Preparing a strong opposition 
to the scheme ; they will in all probability have a counter- 
poqgents, and hope to upset the proposition of the pro- 
moters. 


Improvements at Shefield.—The Town Council of Shef- 
field has‘now obtained powers which will enable it to spend 
a quarter of a million of money in improvements. These 
alterations will extend over a series of years, and when 
completed will cost at least half a million. Theauthorities 
will have to obtain further powers in the matter. In ad- 
dition to that the Town Trustees are effecting some great 
improvements which run at right angles across those under- 
taken by the town. The trustees, it is expected, will ex- 
oy in this work the entire funds left to them by the late 

r. Bailey, the Bentham of Hallamshire, amounting to 
90,0001., besides a considerable amount of other surplus 
moneys. 

Proposed Public Abattoir and Removal of Cattle Market 
at Hull.—The Corporation of Hull proposes to erecta 
public abattoir in the town at a cost of 22,0001. Another 
proposal is to remove the present cattle market to one more 
accessible by railway and erect a public abattoir in con- 
nexion with it. © latter scheme would involve an 
enormous outlay. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a quiet and 
stealy market last Thursday. Little business, however, 
was done during the forenoon, and the closing quotations 
were—buyers, 41s. 11d. cash, and <2s. 2d. one month, 
sellers asking 1d. more per ton. Business was done in 
the afternoon at 42s. cash, and 42s. 3d. one month, at 
which prices there were rather sellers at the close, and 
buyers very near. The market opened a shade firmer on 
Friday, and business was done in the forenoon at 42s. 1d. 
cash, and at 42s. 3d. to 42s. 4d. one month, and at the 
close there were buyers offering 42s. 1d. cash, and 42s. 3d. 
one month, while sellers held out for 1d. per ton more. In 
the afternoon business was done at 42s. 14d. cash, the 
market closing with sellers at that price, and at 42s. 4d. 
one month, buyers oo 1d. per ton less. Monday’s 
warrant market opened dull, and prices receded to the ex- 
tent of Sd. per ton, the lowest price of last week having 
again been reached. There were transactions during the 
forenoon at 42s, (dd. down to 41s, 11d, cash, and at 














42s. 3d. to 42s. 2d. one month, sellers at the close accepting 
the lower price, and buyers near. In the afternoon 
41s. 10}d. cash was accepted, and the market closed rather 
sellers at that price. Yesterday’s market was again de- 

ressed, and prices receded to the extent of 3}d. per ton. 

ron changed hands in the market at 41s. 9d. to 41s. 7d. 
cash, and at 42s. to 41s, 9}d. one month, sellers at the 
close taking the lower prices, and buyers offering 1d. per 
ton lower. The afternoon quotations were from 41s. 6d. 
to 41s. 7d. cash, and from 41s. 9d. to 41s. 10d. one month, 
and at the close there were sellers at 41s. 7d. cash, and 
41s. 10d. one month, and buyers at a 1d. less. The market 
was steady this forenoon, when business was done at 
41s. 74d. to 41s. 6d. cash, also at 41s. 10d. to 41s. 9d. one 
month, the market closing with sellers at the lower quo- 
tations, and buyers very near. There was also a stead 
market in the afternoon, and buyers remained at 41s. 6d. 
cash, while sellers asked 1jd. per ton more. The warrant 
market has certainly been very inanimate during the past 
week ; prices have materially receded, as is shown by the 
foregoing details ; and the decline in prices has taken place 
without much business being transacted. There is still a 
feeling of despondency about the market, and with the ab- 
sence of general business investors do not show much in- 
clination to buy pig iron. The dulness extends to shipping 
iron, most brands of which are quoted lower ; but even the 
reduced prices do not lead to much business. Last week’s 
shipments, however, were unusually large, amounting to 
15,434 tons, as against 7382 tons in the corresponding week 
of last year, thus bringing up the total increase for the 
present year to 54,887 tons. There are now 89 blast fur- 
naces in actual operation, as compared with 91 at the same 
time last year. The stock of pig iron in Messrs. Connal 
and Co.’s warrant stores shows an increase for the week of 
2590 tons, and the total stood at the end of last week at 
266,268 tons. 


The Fifty-fowr Hours’ Movement.—In one or two quar- 
ters there is a show of resistance on the part of the men to 
the return of the fifty-four hours’ system of weekly work. 
When that system was resumed in Aberdeen last Monday, 
the moulders employed by Messrs. Blackie Brothers, Foot- 
dee Iron Works, and at Messrs. Barry, Henry, and Co.’s 
Foundry, did not begin work. 


Reduction of Wages amongst Ironworkers.—Last week | },, 


nearly all the moulders in Coatbridge district got notices 
of a reduction of wages or an extension of the working 
hours. It appears that some of the moulding shops are 
well complete while others are working on short time. In 
the former the employers have given the men notices of an 
extension of time from 51 to 54 hours per week, and in the 
latter 4d. per hour reduction of =. It is stated that 
unless the employers can adopt a uniform system of reduc- 
tion, the men will act on the advice of their union. A 
report comes from Wishaw to the effect that the Glasgow 
Iron Company have given notice of a reduction of wages. 
Intimation was given at Shott’s Iron Works last Saturday 
that, in consequence of the severe and long-continued de- 


pression of trade, there will bea reduction of the number of 
persons employed in the various departments of the 
works, as well as a rearrangement of wages, &c. These 


alterations are to take effect from and after Saturday, 
June 7th. 

Proposed New Harbour Bill for Greenock.—At a meet- 
ing of the Greenock Harbour Trustees in committee, held 
last week, it was a to apply to Parliament next 
session for additio: powers in connexion with the im- 
provement of the harbour. With the exception of deciding 
to ask powers to construct a river wall on the south side, 
in the neighbourhood of Garvel Point, no other details were 
fixed upon; but it is understood that the question of the 
river line, additional borrowing powers, and other important 
points will be included in the new Bill. The trustees are 
at ——« engaged in the censtruction of a new wet dock 
at Garvel Park, at an estimated cost of about half a million 
sterling. When completed, this dock will be one of the 


finest in the kingdom ; and, in connexion with the forma- |% 


tion and completion of —_—_ works, the consent of 
Parliament will be necessary before they can be proceeded 
with. It is anticipated that every consideration will be 
given to the wishes and opinions of other trusts on the 
river whose interests may be affected, in order to arrange 
all debatable points in an amicable way, so as to prevent 
much of the unseemly rivalry which has been so frequently 
witnessed during previous Parliamentary pee as for 
public improvements in the river in the neighbourhood of 
Greenock and Port-Glasgow. The last Harbour Bill 
Greenock promoted successfully in Parliament was in 1866, 
when considerable additio borrowing powers were 
obtained to enable the Trust to proceed with the wet dock, 
&c. Last year the revenue of the Trust amounted to 
72,1541. 19s., and the expenditure to 63,6111. 19s. 3d., while 
the gross debt was stated at 771,8771. 5s. 7d. 


NOTES FROM THE SOUTH-WEST. 

Dockising the Avon.—Mr. J. Howard, engineer of the 
Bristol Docks, has drawn upa plan, with estimates, for 
dockising the Avon, and the plan is to be published next 
week. It is put in an alternative form—to throw a dam 
across the mouth of the river, at a cost, or estimated cost, 
of 770,0001., or at Hun » below the Horseshoe Point, 
at a cost of 650,0001. These estimates are, of course, in- 
dependent of the drainage schemes, which the dockisation 
of the river will involve, and Mr. Ashmead estimates the 
sewage works at 280,000/. In all, therefore, the two 
—— may be said to involve an expenditure of 1,000,000L 
sterling 


Cardiff.—The past week at this port was not very satis- 
ng far as regards the exportation of coal foreign- 
wise. The returns showed a decrease in the quantity shipped 
of 29,358 tons on the previous week. This was principall 
owing to the non-arrival of several large vessels, which 











have been expected for some days. The orders for coal 
are good, especially for the best steam and No. 3 Rhondda. 


The iron exports to the extent of over 
2000 tons. ights have been firm, and show a tendency 
to rise, ially to the Mediterranean and Black Sea, 


where steam tonnage is in good request. Import returns are 
not so good as last rted. There are, however, a 4 
number of cargoes on the way, which may arrive this week. 


New Dock at Swansea.—At a committee meeting last 
week of the Swansea Harbour Trustees, a contract for the 
construction of a new deep water dock in Fabian’s Bay, 
which is to cost 300,0001., was definitely let. The Great 
Western, the London and North-Western, and the Mid- 
land Railway Companies, and the corporation of Swansea, 
are guarantors for — amounts, and the work is to be 
commenced at once. It is expected that the new docks 
will develop a good coal trade from the Aberdare valleys 
A rm in large steamers. The dock will be 38 acres in 
extent. 


Quick Despatch at Swansea.—The s.s. Beutic, of Liver- 
pool, Captain Storry, arrived in the north dock last week 
with 1300 tons of copper ore for Messrs. H. Bath and Son. 
The cargo was aodeapl, and the vessel reloaded with 
1400 tons of coal for the Mediterranean. From the time 
aes vessel arrived in dock until she left was only forty-eight 

ours. 


The Rhymney Valley.—At most of the house-coal col- 
lieries of this valley trade during the ¢ month has 
shown a marked improvement. Throughout this valley 
the majority of the men are strongly op to the Barns- 
ley proposal to have a six weeks’ lockout. Messrs. D. 
Price and Co., of the Pentre Porth and Gilvach collieries, 
at Pengam, have taken the Lower Place Pit, at Black- 
wood, with a view of working the coal remaining on the 
top of the ‘‘ fault.”’ 


Discovery of Coal.—A valuable discovery of coal was 
made on Saturday in the Pontypridd coalfield, the cele- 
brated seam Dinas No. 3 having been struck by Mr. Wil- 
liam Williams, a member of the Penygraig Company, at 
Pont-Shon-Norton, at a depth of 120 yards. The take is 
estimated at 1200 acres. 


Newport.—There was no marked feature in the trade of 
t week. Some vessels of large tonnage came to the 
port, and in three instances ships sailed with 2000 tons and 
upwards of coal on board. About 3500 tons of iron ore came 
to hand. Only 907 tons of railway iron were shipped. 


The Tin-Plate Trade.—The agreement come to by the 
tin-plate masters of South Wales and Monmouthshire for 
limiting the make does not terminate in June unless it is 
the desire of a majority ; otherwise, it will remain in force 
until December. A meeting is to be held in the first week 
in June, with a view to inducing all the masters to join in 
the agreement which has so far had a tendency to keep up 
prices. 

Wages in Wales.—At a meeting of the Monmouthshire 
and South Wales Collieries Association held at Cardiff on 
Wednesday it was resolved that a calendar month’s notice 
should be given to the men employed at the associated 
collieries with the object of terminating contracts on the 
30th June next. 


CARBURETTED Ain: ERRATUM.—By a typographical 
error the signature of the writer of the letter on this sub- 
ject, published on page 438 of our last number but one, was 
—_ “‘Dennybane.” It should have been ‘‘ Denny 

a 











Str Henry Brssemer.—We have satisfaction in re- 
cording that the Queen has been pleased to confer upon 
Mr. Henry Bessemer the honour of knighthood—an honour 
which Mr. Bessemer has most thoroughly earned by his 
great services in originating and emg | an entirely 
new branch of our iron and steel industry. The Times in 

king of this matter oa ey says: ‘‘ Thename of Sir 
enry mer, which will be as inseparably associated 
with the development of the steel industry of this and other 
countries as that of Watt with the steam engine, would 
add dignity to any title with which it might be adorned ; 
and the recognition of his merits by his own Government, 
tardy although it must be admitted to be, will be regarded 
with satisfaction wherever there is an adequate apprecia- 
tion of the value of applied science asa means of increasing 
the wealth, the comfort, and the ~~ ~y of mankind. 
The knighthood now conferred upon him has been pre- 
ceded by honours of many other kinds, derived from many 
and various sources. In 1858 Mr. Bessemer received 
the Telford Gold Medal of the Institution of Civil 
Engineers; and, towards the close of last year, a 
piece of gold plate was presented to him by the 
same Institution. He has also received the Albert Gold 
Medal of the Society of Arts, the freedom of the City 
of Hamburg, a gold medal struck in his honour by the 
King of Wurtemberg, an address from the Society of Arts 
and Manufactures of Berlin, and the knighthood of the 
Order of Francis Joseph from the Emperor of Austria. In 
America, a growing city in Indiana has been called after 
his name ; and the late Emperor of the French awarded to 
him the Grand Cross of the Legion of Honour on condition 
that the British Government would allow him to wear it. 
The request that this permission might be granted was, 
however, istently refused. In addition to these various 
tributes, Mr. Bessemer received also the unmistakable re- 
ward of commercial appreciation in the form of royalties, 
which, to use his own words, ‘amounted to no less than 
1,057,748 of the beautiful little gold medals which are issued 
by the Royal Mint with the benign features of Her Most 


G jesty duly stamped upon them;’ and he has 

sake Igood pms | for eclaring that this array of 
figures must be regarded as the most ine ion of 
approval which his lahours are ever to forth. 
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THE CHILIAN NAVY. 

Tue war between Chili and Bolivia seems likely 
to be fought out upon the sea as well as upon the 
land, now that Peru has becomea party to the strife. 
Bolivia has hardly any seaboard and no navy, but 
Peru has a long stretch of coast-line, and has for 
many years been acquiring a powerful fleet. Chili 
has also, during the same time, been adding some 
formidable ships to her navy. The Peruvians have 
a variety of war-ships—ironclad cruisers, monitors, 
armoured gunboats and unarmoured vessels, while 
the Chilians possess two very powerful cruising 
ironclads of the most modern type and a fleet of 
smaller unarmoured craft, 

It will be strange if it should fall to the lot of 
these two small powers to furnish data for the solu- 
tion of long-disputed problems in naval warfare, and 
for determining or modifying the future practice of 
Great Britain andother naval powers in war-ship con- 
struction, But it is quite possible that this may be 
the case. Many devices, of a very costly nature, 
which are now adopted or advocated for the purpose 
of increasing the offensive and defensive powers of a 
ship, may be found useless when tried in action. 
The relative merits of armoured and unarmoured 
ships, and of turret against broadside fire, may to 
some extent be tested; and practical information may 
be obtained as to the value of the ram as an 
offensive weapon, the sort of gunnery practice that 
may be expected in a naval engagement, the most 
favourable position that can be taken up for re- 
celving an enemy’s fire, and other important ques- 
tions. The naval tactician may not learn much as 
to the best mode of manceuvring large fleets, and 
taking them into action against an enemy who has 
the materials with which to form line of battle in 
a regular and scientific manner; but he may de- 
rive some instruction in irregular naval warfare, 
and learn something from the manner in which 
Opposing vessels of different qualities behave when 

ey engage in a “struggle for existence.” Regular 





operations on a large scale are out of the question, 
as neither of the two parties have anything like a 
complete fleet; but engagements between vessels 
of quite different types are very likely to occur, 
and will be well worth noting. 

The Chilian navy consists of two ironclad frigates, 
the Almirante Cochrane and Valparaiso, a com- 
posite corvette Magallanes, two powerful corvettes 
called the O'Higgins and Chacabuco, and seven 
wooden steamers of inferior power. The Peruvian 
navy is made up of the Independencia (lately sunk), 
an armoured frigate, the three armoured turret 
vessels Huascar, Atahualpa, and Mancocopac, two 
small armoured gunboats, the Victoria and Loa, 
three wooden screw frigates, the Callao, Apurimac, 
and Amazonas, two wooden screw corvettes, the 
Union and America, and seven wooden paddle 
steamers. 

The only vessels out of this number that may 
be considered powerful at the present day are the 
Chilian vessels Almirante Cochrane and Valparaiso, 
which were designed by Mr. E. J. Reed, C.B., M.P., 
and built by Earle’s Shipbuilding'and Engineering 
Company, of Hull, in 1874-75. They are 210 ft. 
long, 45 ft. 9 in. beam, and have a depth of hold 
of 21 ft. 8in. Their displacement is 3400 tons. 
They are protected completely round the water line 
by a belt of armour which has a maximum thickness 
of 9 in., and is worked upon a backing of teak 8 in. 
thick. In the centre of the ship isan armoured 
battery protected by plates of 6 in. to 8 in. in thick- 
ness upon a teak backing of 9in, tollin. This 
battery contains six 300-pounder 12-ton Armstrong 
guns that are worked upon the main deck. The 
battery projects beyond the side of the ship, and 
is arranged so as to afford a very complete all-round 
fire. The two foremost guns—one on each side— 
can fire right ahead, and the two after guns 
right astern, while the two amidship guns can 
be trained forward to within 20 deg. of the line 
of keel. Each of the guns can be trained abeam 
for broadside firing. These arrangements favour 
fighting on either bow, as in this position two guns 
can be brought to bear upon the enemy; and at 
the same time the side of the ship and the sides 
and ends of the battery are placed at an angle of 
inclination to the direction of the enemy’s fire. 

' These ships are fitted with twin screws. The 
engines and boilers are by Messrs. John Penn and 
Sons, of Greenwich. They are compound, and of 
the horizontal trunk type, the diameters of the cy- 
linders being 46 in. and 76 in., and the stroke 30 in. 
They work at 60 lb. pressure, and indicate 3000 
horse power. ‘The speed on trial was over 13 knots. 

The stem is formed into a sharp ram point below 
the water line, which projects about 8 ft. from the 
bow. As these vessels are very short, and have 
twin screws, it may be presumed they can be easily 
manceuvred, and as their speed is greater than that 
of the Peruvian ships, they may get opportunities 
of trying their ramming powers. They are well 
constructed for resistance to being rammed them- 
selves, as they have complete double bottoms, and 
are very largely subdivided by water-tight bulk- 
heads. They contain all the modern improvements 
in the way of draining and pumping arrangements. 
These vessels are sailing cruisers, and carry a con- 
siderable spread of canvas. They are barque-rigged. 

The next vessels in point of fighting power are the 
Peruvian turret ships, Huascar and Atahualpa. The 
Huascar made herself notorious by fighting an action 
with H.M. ships Shah and Amethyst about two years 
ago. Though she is one of the most — 
vessels in the Peruvian navy, she was obliged to 
retreat out of the action with the two unarmoured 
English ships, and she is considerably inferior to the 
two Chilian ironclads already described. The 
Huascar was built by Messrs. Laird Brothers, of 
Birkenhead. She is a rigged turret ship, fightin 
two 300-pounder guns in one revolving turret, an 
three light shell guns on deck. She has two masts, 
the foremast being upon Captain Cole’s pod 
principle. She is 200 ft. long, with a draught of 
water of 14 ft., and a freeboard of 5 ft. The 
bulwark plating is fitted to turn down in the vicinity 
of the turrets in order that a large range of fire may 
be obtained. ‘The armour plating of the turret is 
5} in. thick, worked upon a teak backing of 14in., 
and that on the side 4} in. amidships, tapering 
to 24 in. at the ends of the ship. The teak backing 
on the sides is also 14 in. thick. The deck is protected 

inst @ plunging fire when in action by 2 in. iron 
tes that are shipped in all the openings for sky- 
fights or hatchways. The Huascar isa single screw 
vessel, and is said to steam at the rate of 11 know 





- hour. She has just been fitted with new 
ilers, and is probably in the best fighting condition 
of the three turret ships, though they are all nomi- 
ae of the same power. 

The Independencia was a broadside ironclad of an 
old and obsolete type, having been built by Messrs. 
Samuda Brothers about fourteen years . She 
carried a full spread of sail, and was propelled by a 
single screw. She was of larger tonnage than the two 
Chilian ironclads, but was only protected by armour 
of a maximum thickness of 44in. Her armament 
consisted of two 150-pounder and twelve 70-pounder 
guns. The Victoria and Loa are smaller vessels 

ing two guns each. The Peruvian ships are 
not so well adapted for ramming as the two Chilian 
ironclads, Their stems are not fitted with spur points 
like the latter vessels, but are very round and blunt, 
and project very little below the water line. 

Some of the unarmoured vessels in both nayies 
are very powerful, and carry guns up to 6} tons 
in weight. The most powerful are the Chilian 
corvettes O'Higgins, Chacabuco, and Magallanes, 
and the Peruvian corvettes Union and erica. 
It was reported by a tele from Valparaiso of 
the 19th of April that the Peruvian corvette Union, 
assisted by a gunboat, had attacked the Chilian 
corvette Magallanes off Loa, and that the Magallanes 
had repulsed them after crippling the Union. The 
Peruvian account of the same action.is, however, 
quite contradictory, as this states that upon their 
vessels meeting the Magallanes and exchanging a 
few shots, the latter made off for me ere to join 
the ironclad Almirante Cochrane, and was chased 
for some time by the Peruvian vessels. 

It will probably be difficult to know what to 
believe for some time of the reported details of 
such affairs as the foregoing; but as soon as a 
real fighting begins the results will doubtless spea 
for themselves. It would appear as though the two 
Chilian ironclads must carry everything before them, 
as the only vessels that have guns which could 
seriously affect them are the Huascar and her sister 
ships; while these are so thinly armoured as to 
yo ad it very dangerous for them to approach the 
Chilian ships within such a distance as would give 
their guns a chance of being effective. The Chilian 
ships have the advantage also in speed and ma- 
neeuvring power, being fitted with twin screws, while 
the others have only single screws. They are also 
specially fitted for ramming, which the Peruvian 
vessels are not. 

The only action that can be fought must therefore 
be between ironclads of very unequal powers, or 
between ironclads and unarmoured ships, There 
can be no fair fighting in the sense of both sides 
being evenly matched, There will be great room, 
however, for a display of manceuvring power and 
tactical ingenuity on both sides; and the battle may 
not always go to what may appear theoretically the 
strongest side, In the affair between the Huascar 
and Shah, the Shah and the Amethyst ought by all 
the teaching in vogue to have been wiped off the face 
of the seas, but the variable element of gunnery 
practice stepped in, and the far greater superiority of 
the English ships and crews in that respect enabled 
the more powerful ship to be defeated and them- 
selves saved from annihilation, Then, again, looking 
at the action as it- was, and not as it might have 
been if there had been equally good firing and 
management on both sides, and remembering the 
number of times the Shah struck the thin armour 
plating of the Huascar with 300-pounder armour- 
piercing shell, the latter ought to have been pene- 
trated over and over again and the Huascar dis- 
abled. This was not the case, however, as the 
armour-plating showed a marked superiority over 
that given by the rules based upon target practice, 
No doubt this was caused by the plating 
having been struck at an inclination, and this 
element of resistance will always be a most im- 
portant one in naval actions. 

The Chilians are commencing operations with 
vigour by blockading the Peruvian ports. They 
have not sufficient cruisers and gunboats, however, 
to make such a blockade very effective. Chilian 
accounts state that Callao and Iquique are being 
blockaded, and that Pisagua has been bombarded. 
The Chilian admiral has cut the coast telegraph 
cable at Iquique, and taken the end on board his 
ship, whereby he communicates direct with his 
Government, The Peruvians complain that the 
Chilian bombardment of Pisagua was a wanton and 
unnecessary act, as it is not, and never has been a 
fortified port. Both that port and the guano stations 
are defenceless, and have, in that condition, the 
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Peruvians state, been attacked by the Chilian fleet 
to the great injury of neutral interests. 

Neutral interests are likely to be watched by our 
own and other governments, as several war vessels 
are already sailing for this ~—_ to watch - pro- 
ary of the belligerents. e German Govern- 
ment ordered the armoured corvette Hausa, 
accompanied by a gunboat, to proceed thither. The 
Hausa is a powerful vessel, 235 ft. in length, 
and 45 ft. in beam, protected by 6 in. armour, and 
fighting two llin. and six 7 in. pp guns. The 
Italians have also sent out a war vessel, and by a 
telegram from Vancouver's Island of the 19th of 
May, it appears that H.M. ships Triumph and Opal 
have sailed for Chili. 

We have eight vessels in all, besides the store 
ship Nereus, on the Pacific station. One of these is 
an ironclad ; but it is only recently we have had an 
ironclad there at all. Since the action between 
H.M.S. Shah and the Huascar, the former ship has 
been replaced upon the station by the ironclad 
frigate Seok. Besides the Triumph there are 
the wooden frigate Liffey, the two composite 
corvettes Opal and Turquoise, the three composite 
sloops Osprey, Pelican, and Penguin, and a twin 
screw composite gun vessel, the Rocket. 

H.M.S. Triumph is a barque-rigged frigate 280 ft. 
long, 54 ft. in beam, and has 26 ft. draught of water. 
She is protected by armour plating 8 in. thick at the 
water line upon a teak backing of 10in., and b 
Gin. and 5in. armour in other parts upon a te 
backing of 8in, She carries six 12-ton guns in her 
main deck battery, besides two 12-ton guns and 
four 64 pounders in an upper deck battery. Her 
engines are by Messrs. Maudslay, Sons, and Field, 
and are of the simple low-pressure expansive type. 
They consist of two cylinders, each 98in. in 
diameter, the stroke being 48in. The speed of the 
Triumph is about 14knots. The composite corvettes 
Turquoise and Opal are sailing cruisers 220 ft. long, 
40 ft, in beam, and have a draught of 17ft. They 
are fitted with single screws, which are driven by 
high-pressure compound engines of 2100 indicated 
horse power. The speed obtained on trial was 13 
knots. The Turquoise carries two 6}-ton guns and 
ten 64 pounders, all on her upper deck. The Opal 
is armed with fourteen 64 pounders carried on the 
upper deck. The three composite sloops carry six 
guns each, the heaviest being 64-pounders, and the 
gun-vessel Rocket carries four 8. 

Our power in the Pacific will, therefore, be seen 
to be not great; and we should hardly be a match 
for the Chilian fleet. The Triumph is not so well 
protected by armour as either of the Chilian iron- 
clads, and only carries guns of the same calibre. In 
all our other ships there are only two armour- 
piercing guns, viz., the two 6}-ton guns of the Opal, 
while some of the Chilian unarmoured vessels, 
such as the composite corvette Magallanes, are armed 
with 64-ton guns. It is a great mistake that our 
ships are not armed with guns of the heaviest 
calibre they can carry, as this is the only way to 
give our unarmoured ships a chance against a weak 
ironclad; but we have called attention to this 
subject before. 

It is possible that if the war lasts long, that it 
will not be confined to the present belligerents. 
The spirit of fighting‘spreads like an epidemic among 
the petty states of South America, and most of them 
have disputes in abeyance that can be made to eon- 
stitute at any time a casus belli. The Argentine 
Confederation has its private quarrel with Chili 
about territory near the Patagonian frontier, and this 
may be made the grounds for interference by the 
> any at any time. Already, it is reported, 
diplomacy is at work at Buenos Ayres with this 
object, and the Argentines appear to be actively 
employed in ordering war matériel is this country 
a in America. It is reported than an ironclad 
cruiser is to be built for the Argentine Government, 
which is to be superior to the Chilian ironclads. 
‘This can only point to one resu't, and there is thus 
every indication that if the war lasts it may degene- 
rate into a free fight among the South American 
Republics. 

he foregoing was written before the news was 
received of the engagement between the Peruvian 
ironclad Independencia and the Chilian vessels 
Esmeralda and Covadonga. The Esmeralda was a 
wooden sailing vessel of about 800 tons, built on 
the Thames about twenty-five years , and fitted 
with auxiliary steam power, The Covadonga was 
taken from the Spaniards in 1865, and is also a 
wooden sailing vessel with auxiliary engines. The 
speed of both ships under steam was about eight to 





nine knots. The Esmeralda carried twelve 40- 
under Armstrong guns, and the Covadonga two 
0-pounders, besides smaller guns. It is rumoured 
that the Huascar took some part in the engagement, 
The Esmeralda became crippled early in the action, 
and was blown up by her commander; and the Inde- 
pendencia went tothe bottom. The little Covadonga 
was therefore the hero of the situation. We shall re- 
frain fromcomment upon these reports till definite and 
reliable intelligence reaches us. There is nothing 
at present to show how the Independencia was sunk ; 
mt as this must have been the decisive blow struck 
in the action, speculation will be useless till we 
know more aboutit. The Chilian guns could hardly 
have penetrated the armour of the Independencia ; 
but in ships of her type there are many unprotected 
points that leave them open to dangerous injuries 
from a well.directed fire. 

It is quite possible that the Independencia was 
sent to the bottom without a single penetration of 
her armour being effected. But, as we have already 
said, we shall await the receipt of the necessary 
particulars before attempting to discuss the matter. 





THE GOVERNMENT PATENT BILL. 

Turis Bill still attracts considerable attention, and 
it is reported the Attorney-General has expressed 
his willingness to adopt various proposed amend- 
ments if the Bill be allowed to pass the second 
reading. Last week he was waited upon by an in- 
fluential deputation from the British Association, 
who presented him with a report on the Bill by a 
Committee of that Association. A memorial has 
also been presented by the Council of the Society 
of Arts, which society is to meet on Tuesday even- 
ing next, at 8 o’clock, to conclude the discussion on 
Mr. Lloyd Wise’s recent paper, which has already 
occupied two evenings. It may not be out of place 
here to remark that gentlemen who are not members 
of the Society of Arts may, at its meetings, take 
part in the discussion of subjects in which they are 
specially interested. We mention this because an 
erroneous impression to the contrary often deprives 
such societies of the benefit they would otherwise 
derive from the observations of experienced persons, 
As the discussion is to be closed next Tuesday even- 
ing, and many were precluded from speaking on the 
last occasion for want of time, it will probably be 
found desirable to limit the time allotted to each 
speaker, especially as even the most experienced 
and practical men are apt occasionally to address a 
meeting at considerable length. It is desirable, in 
dealing with so important a subject as patent law, 
to have the opinions on various leading points of as 
many pa pe as possible, and this renders 
brevity essential. We have before us a copy of the 
report of the British Association Patent Law Com- 
mittee, signed by Dr. Siemens as chairman, and Mr. 
Bramwell as secretary. The Committee report 
their opinion that Mr. Anderson’s Bill, which 
has for its objects extension to twenty-one 
years of the term of patent rights, both for new 

atents, and those existing at the time the 
Bill might become law, and a very considerable 
reduction in the stamp duties, should not be pro- 
ceeded with, looking at the comprehensive Govern- 
ment measure now before the House of Commons. 
Referring to the Government Bill, whilst believing 
that if altered as they suggest, it would be better 
than it is now, they look uponits general scope with 
so much favour that they desire to refrain from an 
insistence of their views in respect of detail, if suc 
insistence would be at all likely to impede the 
passing of the Bill this session. This sounds as 
though the Committee regarded their own —— 
for amendments as of little importance. e are 
sorry to find a somewhat similar tone adopted in the 
memorial of the Council of the Society of Arts, who 
express their hope that the Bill may, with (or even 
without) certain modifications which, in the judgment 
of the Council, would improve it, become law during 
the present session of Parliament. Much as we 
desire to see the Bill , with suitable amend- 
ments, we regret extremely that two distinct bodies 
of such influence should have expressed themselves 
wishful to see a measure become law, even 
without amendment, when it is generally ad- 
mitted that measure is in several respects more 
objectionable than the existing Patent Law. 
Such a course is calculated to mislead those in 
—_ of the Bill. Our present law contains 
bad features enough ; it would be distinctly against 
the public interest to introduce additional provisions 
such as experience of the working of foreign patent 





laws has shown to be highly objectionable. Although 
it is time to arrive at some settlement of the ques- 
tion, it must be remembered that mere alteration of 
the law is not necessarily improvement, and that 
what the public requires is a better law, not merely 
an altered law. Therefore all who really have the 
public good at heart, and wish to assist those in 
charge of the Government Bill, will be well advised 
to speak out boldly, and not to adopt a tone the 
inference to be drawn from which is that they are 
so fearful of losing the imperfect measure already 
offered that they dare not strongly urge objections 
to it, however serious. Session after session we 
have had patent Bills ; one after another they have 
been strongly objected to, and, consequently, since 
that of 1875, each has been an improvement on its 
predecessor ; therefore, and seeing it can be of no 
advantage to any Government to force a bad measure 
into law, the more those having interests at stake 
insist upon the removal of objectionable features 
from the present Government Bill, the more chance 
there will be of attaining a satisfactory result in the 
end. We admire the candour of the Glasgow in- 
ventors, who plainly state they would rather have no 
legislation at all than have the Government Bill as it 
stands. Such plain speaking shows earnestness, and 
leaves no doubt whatever as to what is really meant; 
and this is especially desirable, since many of the 
objections urged against the Bill are so generally 
concurred in, that they must not be lightly re- 
garded. 

There is agreement to a very remarkable extent 
between the British Association Committee and 
the Society of Arts Council, who both condemn 
the proposal to appoint unpaid commissioners, op- 
position on open documents, racing for the seal, 
compulsory working, and the clause respecting 
“imported” inventions, We cannot now enter 
upon a consideration of the reasons adduced in 
support of the objections raised on the several 
= above indicated ; suffice it to say, we cor- 

ially agree with most of those objections. There 
is one suggestion, however, which greatly surprises 
us, namely, that an extension from fourteen to 
seventeen years in the term of a patent would be 
sufficient compensation for the loss of the power to 
apply for a prolongation. The British Association 
Committee, in support of this ill-advised suggestion, 
say: ‘* With respect to the proposed doing away 
with the power of the Privy Council to prolong a 

tent after fourteen years, and to the substitution 
or this of an extension of twenty-one years, as of 
right to all patentees, who, at the end of twelve 
years, pay a further stamp duty of 100/., the Com- 
mittee think it probable that so long a term as a 
matter of right may be objected to, and may imperil 
the Bill. It is true that the Privy Council now 
recommend prolongation to the extent, in some 
cases, of as much as seven years (indeed longer ex- 
tensions have been recommended), but they only 
do so on strict proof (however useful the invention 
may be) that the patentee has not been sufficiently 
remunerated, while the twenty-one years as of right, 
ay a by the Bill, would obviously be accepted 

y every prosperous patentee, and thus a more than 
sufficient payment might be made by the public for 
the disclosure and bringing into operation of the 
invention. Influenced by these considerations, the 
Committee are inclined to suggest that the seven- 
teen years’ duration of patents in the United States 
might well be adopted here.” What particular 
merit there may be in a term of seventeen 
years, beyond the circumstance that it happens 
to be the term adopted in the United States, 
it is difficult to understand. The argument that 
were the term extended to twenty-one years, some 
patentees would receive from the public more than 
sufficient payment for the disclosure and bringing 
into operation of their inventions, is applicable to a 
term of seventeen years, to a term of fourteen 
years, or even to a shorter term, and if we carry the 
argument to its logical conclusion, it might almost be 
said there should be no patents at all, because some 
persons might make a good deal of money out of 
patents for inventions involving no adequate exer- 
cise of ingenuity or enterprise to originate or intro- 
duce, To most practical minds it will probably 
seem politic to offer inventors introducing their 
inventions here an inducement at least as powerful 
as is offered by any other manufacturing country, 
and viewed in this light, after making due allowance 
for relative importance of the several countries, and 
other circumstances, twenty-one years’ protection 
here at a cost in Government fees of 262/. 10s. may not 
appear toostrong aninducement to holdout, whilst the 
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United States (although there they allow less to be 
secured under a single patent) offer seventeen years 
protection for 7/., and Belgium offers twenty years for 
$4/., an example Spain has recently followed. It is 
satisfactory to know that the members of the British 
Association deputation were by no means unani- 
mous on the proposal to reduce the term of twenty- 
one years, and that no less an authority than Sir 
William Thomson, whose opinion must carry very 
great weight, was careful to protest in the strongest 
manner against so dangerous a suggestion. It is 
stated in the margin of the Committee’s report that 
certain of the Glasgow members who were not able 
to attend the meetings which took place in London, 
while concurring in all the other resolutions of the 
Committee, do not agree in the propriety of suggest- 
ing the reduction of the term of twenty-one years 
proposed in the Bill to seventeen years as the dura- 
tion of a patent. Knowing as we do that the opinion 
expressed by the two bodies above referred to on 
this quesion of duration of patent rights will be 
widely dissented from, we hope active steps will be 
taken to counteract the injury they may have done 
or be likely todo. Theterm of twenty-one years 
provided for in the Bill is clearly proposed as 
the result of mature consideration ; it is a term 
which has often been recommended; and, in the 
light of hey experience, it is the shortest term 
which ought to be adopted if the power of prolonga- 
tion (now extending to fourteen years beyond the 
original term of fourteen years, or twenty-eight 
years in all) is to be taken away. 

We cannot on this occasion deal with other points 
deserving of special notice ; butin view of next Tues- 
day’s meeting we may remind our readers that the 
extensive powers proposed to be given to the Com- 
missioners of Patents, the mode in which the proposed 
law is intended to be administered, and the high rate 
of the Government fees, are matters deserving most 
attentive consideration; and we also think that 
assuming the earlier fees to remain as proposed, the 
applicant for a patent should not be called upon to 
pay any additional fee in respect of any amendment 
of his specification prior to the actual grant of the 
patent, 

In considering the probable operation of the law 
it will be important, as we have often said, to guard 
against any practice springing up which shall give 
Patent Office authorities power to refuse patents in 
unopposed cases, on any ground other than that the 
inventions are contrary to public morals, We insist 
very strongly upon this, because we know how un- 
satisfactorily such powers are exercised in countries 
where they exist, and notably in Germany, where 
patents are refused which clearly ought to be 
granted, and patents are issued in respect of so- 
called inventions, such as the examination system in 
that country (if it had any object at all) was clearly 
designed not to allow. ‘These patents go forth 
with a deceptive appearance of validity, whilst the 
originators of those inventions for which patents 
are improperly refused have just cause to complain 
of the serious injury and injustice they suffer. 








NOXIOUS GASES BILL. 

A MEASURE, now before the House of Commons, 
and introduced by the Government, proposes to 
deal with the danger to health and vegetation 
caused by the emission of noxious gases from manu- 
factories. 1t is entitled ‘‘A Bill to provide for the 
more effectual condensation of Noxious and Offen- 
sive Gases in Alkali and other Works” (Bill 123— 
1879). Its provisions will be practically a great ex- 
tension of former Alkali Acts, and as they will 
affect the interests of many of our readers, the 
following analysis may be of service to them. 

By the first clause the title is stated as the 
‘* Noxious Gases Act, 1879,” and it is provided by 
the second clause that the Act shall not come into 
operation until July 1, 1880. We have already 
called attention to the report of the Commission 
on the subject, at page 32 ante, on which the Act is 
based, 

By Clause 3 it is provided that so far as the Act 
shall deal with alkali works it shall be construed as 
one with those of 1863 and 1874, and together with 
those Acts, may be cited as the “ Alkali Acts of 
1863 to 1869.” Practically, therefore, the present 
Bill is intended to be supplementary. By Clause 4 
it 1s proposed, in extension of the old Acts, that 
every alkali works shall be so carried on as to secure 
the condensation, to the satisfaction of the chief in- 
spector, of all acid gases which are evolved in the 
process of manufacturing sulphuric acid in such 





works, a limit of the amount being defined as four 
grains of acid to one cubic foot of air. Rules are 
given in regard to the calculation of the amount of 
acid thus escaping, and the penalties of the Act of 
1863 are re-enacted in case of breach of the law, 
By Clause 5 the deposit of alkali waste is forbidden 
on land unless previously so dealt with as to prevent 
nuisance. Clause 6 deals with alkali waste and 
drainage, forbidding, under heavy penalties, that an 
liquid containing acid shall come into contact wit 
alkali waste, or its drainage, which contains any sul- 
hide. 

F The second part of the Bill deals with sulphuric 
acid and other works, including also nitric acid, 
chemical, manure, sulphate of ammonia, and muriate 
of ammonia works, tar distilleries, gas liquor works, 
&e. The most important question to many of our 
readers is involved in dealing with coke ovens in 
Clauses 9 and 10, by which it is intended to enforce 
on the owners that they shall use the best practicable 
means for preventing the discharge of noxious and 
offensive gases, and also of black smoke. But three 
years are allowed for making improvements, and the 
Local Government Board is empowered to grant an 
extension of time in any particular case in which 
they may see it desirable to do so. 

The third part of the Bill deals with arsenic, 
cement, copper, galvanising, tin-plate, glass, lead, 
nickel, salt-glazing, salt, spelter and tar-dye (aniline) 
works. In these, as in previous cases, the best 
practicable means of condensing effluent vapours or 

es are enjoined on owners of factories. The 

1 Government Board may in such cases issue a 

provisional order requiring the owners to carry out 

the provisions of the Bill, but such order shall not be 
valid until confirmed by Parliament. 

In the fourth part provision is made for the regis- 
tration of works under penalty for neglect. Clause 
16 provides for an excise licensing duty, ranging from 
12. to 5/. for all works coming under the Act. The 
appointment of, inspectors, sub-inspectors, &c., are 
provided for by subsequent clauses. Clause 27 
gives a valuable power enabling a sanitary authority 
to proceed in cases of nuisance, either within or with- 
out the district, in acounty court against the offender. 
But power is given to either party to appeal to the 
High Court of Justice in the form of a special case 
to be agreed on by both parties or their solicitors, 
and if they cannot agree, the question is to be 
settled by the judge of the county court, who must 
thus form the case of appeal. 

Our criticisms on the Bill may be briefly stated. 
It is exceedingly comprehensive, embracing most 
causes of nuisance (together with the previous 
Alkali Acts) that can arise. But the legal loop- 
holes by which it may be evaded are so numerous, 
that, like the Rivers Pollution Act, we have little 
doubt that for all practical purposes, it will be all 
but a dead letter. e may add that the measure is 
not to extend to Scotland or Ireland. 








THE INTERNATIONAL TELEGRAPH 
CONFERENCE. 

Ir has now become customary among the nations 
to hold a conference generally every three years, to 
discuss, and to change if necessary, the laws regula- 
ting international telegraph traffic. This year on 
Tuesday, the 10th of June, the first of these con- 
ferences ever held in this country will assemble in 
London under the auspices of the Postmaster- 
General. Delegates from all the great European 
Governments, from America, Japan, Brazil, India, 
and our Colonies, will take part in it, and the 
British postal telegraph interests will be represented 
by more than one official. 

In the early days of telegraphy, when each 
country possessed only an isolated system of lines, 
these international parliaments were unnece; : 
but towards the middle of the century, when the 
system of one country became connected to that of 
a neighbouring territory, so that a message starting 
from one country crossed the frontiers of another, 
or traversed a third, the need of establishing fixed 
rules for the conduct of the traffic was recognised, 
and the first international conference for this 
pur took place in Paris in 1852. Since then 
similar periodical assemblies have been held with 
great re ity. The original one was attended 
only by France, Prussia, Austria, Belgium, Holland, 
Saxony, Bavaria, Hanover, and Wurtemburg, 
neither England, Russia, Italy, nor Spain taking 
part in it. At the last, however, which was held in 
St. Petersburg four years ago, all European states 
were represented, besides several other powers, 





such as India and Persia, Conferences have been 
held at Paris, Berlin, Vienna, Brussels, Rome, St. 
Petersburg, and Berne, the head-quarters where the 
Journal Télégraphique, or organ of the International 
Telegraph Committee is published, but never before 
in London, owing, perhaps, to the telegraphs having 
been private concerns until,1870. The Rome con- 
ference was, however, attend by two English 
Government officials, Messrs. Chambré and Fischer, 
and one vote was given to England, and one to 
India, although it is customary for each state to 
have only a single vote. The delegates are usually 
officers of high — in the tele hic adminis- 
trations which they appear for, and their decisions 
generally require to be ratified by the home govern- 
ment, 

The two most important provisions of the first 
convention, signed at Paris in 1852, were that the 
languages employed in international messages should 
be French, German, or English, and that only 
Government messages could be sent in cipher. It 
was also arranged that all messages should be sent 
in the order of Government messages first, then 
service messages between telegraph administrations, 
and, lastly, public messages. A standard message 
of twenty words, including preamble, fixed the 
unit of charge, and each country was divided into 
zones, the price for a m e toeach zone rising 
with its distance from the frontier. After a de- 
parture from this convenient unit of tariff, it was 
returned to in the Berne Convention of 1858, and 
has been adhered to ever since, with half-rate for 
each extra ten words, 

It was soon found, however, that twenty-word 
messages were longer than was necessary for extra- 
European lines, such as the Indian and Persian 
lines ; since a merchant can condense much meaning 
into a few codified words. The Vienna Convention 
of 1868, and the Rome Convention of 1872, there- 
fore, permitted extra European administrations to 
use a ten-word message; and, finally, the St. Peters- 
burg Convention of 1875 replaced the ten-word 
minimum by a single-word tariff, retaining the 
twenty-word standard in Europe. The single-word 
tariff is nevertheless growing in favour, and has 
recently been adopted by special agreement between 
Germany and Great Britain. The arguments ad- 
vanced in support of it are obviously just, but 
especially forcible in the case of high rates. They 
are tothe effect that the sender of a telegram ought 
not to be made to pay for more words than he de- 
sires to use, and that the charge for a message 
ought to be as nearly as may be in proportion to 
the time and labour expended onit. A letter tariff 
has been suggested, but as Lieut.-Col. Bateman- 
Champain, R.E. (a gentleman who has had much 
experience on this subject, and who has been chosen 
as a delegate for India at the approaching con- 
ference), recently remarked, in practice it would be 
extremely troublesome, and the clerical labour it 
would entail would be excessive. ‘The London con- 
ference will therefore very likely be memorable for 
having swept away the old twenty-word standard 
for — and inaugurated a cheap-word tariff 
instead, 


We have said above that the zone system was 
established at the original conference in 1852; but 
at the second Paris conference in 1865 it was 
abolished, and the — of mean rates for each 
country adopted, 1875, at the St. Petersbur 
conference, this mean-rate principle was extende 
to messages between India and Europe ; and, as it 
is likewise growing in favour, we may find that the 
congress about to sit may carry it still further, and 
legalise a mean telegraph rate of so much per word . 
between the different countries of Europe, just as 
we have a mean postal rate for foreign letters. 

Wherever they have met heretofore, the members 
of the International Telegraph Conference have 
been received with the most marked hospitality, and 
we are glad to see that our own country is taking 
steps to entertain her distinguished guests in a 
worth acon The Post crate oe: pm gel 
pean Tele, epartment, the English cable com- 

anies, 7 ows all, the Society of Telegraph 

ngineers are preparing a cordial welcome for the 
delegates, They will be present at the conversazione 
of the latter society, which will this year be especially 
fine; and we observe that the Lord Mayor has in- 
vited them to a banquet at the Mansion House, 
together with the members of the International 
Literary Conference, including M. Victor Hugo, 
M. ivan Tourgenieff, the great Russian novelist, 
M, Edmond About, and many other home and 
foreign writers, It might seem at first sight that 
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the two kinds of guests are somewhat incongruous ; 
but, after all, the telegraph, as well as the printing 
press, is now the handmaid of literature. 





DOCK GATES. 

Ar the last mantles of the session of the Institution of 
Civil Engineers, held on the 27th of May, the President, 
Mr. Bateman, F.R.S., being in the chair, the paper 
read was on “Dock Gates,” by Mr. A. F. Blandy, 
M. Inst. C.E. 

The author commenced by ome ee general features 
of a pair of gates and their surroundings; then passed on 
to the strains to which a gate was subject, and gave a 
formula for the pressure per unit of length. = 
the mutual action of the gates on each other, he sta 
that in practice this was liable to vary, and that three 
cases must be considered: 1. The gates might be con- 
structed so that when under pressure the meeting faces of 
the mitre-posts bore fair and true inst each other, and 
distributed the mutual reactions uniformly throughout the 
width of the meeting faces. 2. Foreign substances, such 
as chips of wood, might intrude, or the my might wear 
and become a little too short, causing them to nip on the 
dock, or inner edges of the meeting faces. 3. The gates 
might be a little too long, in which case they would nip on 
the outer edges of the meeting faces. 

The magnitude and direction of the primary forces act- 
ing on the pair of gates were next investi , and it was 
shown that a point could be found on the centre line of 
entrance, the distance of which from any point on the back 
of the gate was proportional in magnitude to the resultant 
of all the forces acting on a section taken through the 
gate at the point measured to. It was also shown that, in 
practice, the line of position of these resultant forces in 
most cases corresponded with the are of a circle drawn 
through the centre of the heel-posts, and of the meeting 
faces of the mitre-posts. The effect of nipping would be to 
transfer this arc from the centre to the edge of the meeting 
face at which nipping occurred, and consequently to pro- 
portionately increase or diminish the bending moments on 


the gate. 

The effect of direct compressive stress combined with 
bending moment, when applied to various forms of struc- 
ture, such as were common in dock gates, was then ex- 
amined, and methods of finding the intensities and distri- 
bution of stress at a cross section by means of diagrams 
were described for three different forms of wooden gates, 
viz.: 1. When the gate was formed of rectangular wooden 
beams. 2. When it was built in divisions corresponding to 
the voussoirs of an arch, and depended entirely on the arch- 
form for its stability. 3. When the gate was built in di- 
visions as in the second form, but of less curvature, and 
repuired the assistance of the supplementary connecting 
pieces, which must be taken into account when computing 
the strength. 

Looking at the general features of the last-mentioned 
gate, the first impression was to regard it as a form of 
bowstring girder, but further consideration would show 
that this could not be, as there was nothing to transmit 
the longitudinal stresses from the ‘‘ bow’’ to the “‘ string,”’ 
the transverse ;bolts being obviously insufficient for that 
purpose. When, however, the action of a bending moment 
caused the gate to deflect, the transverse bolts, though 
allowing the v«< irs and ting pieces to slide on 
each other longitudinally, would maintain them laterally 
in their relative positions ; consequently they would bend 
through similar angles, and the total moment of resistance 
would be the sum of the moment of resistance due to the 
voussoir plus the moment of resistance due to the connect- 
ing pieces. 

n the case of trussed beams, the effect of direct com- 
ressive stress combined with the bending moment had to 
considered, when applied to a rectangular wooden beam 
supplemented by wrought-iron truss rods. To illustrate 
this, the simplest form of truss might be taken, namely, 
that consisting of a rectangular wooden beam supplemented 
by two wrought-iron truss rods and a king-post, and it 
might be assumed that the king-post was inelastic and of 
infinite strength. It would occur to the observer, that the 
stresses on the different parts of such a system might vary 
indefinitely, according to the method of attaching the rods 
to the beam, and also to the extent of initial stress put 
upon the rods before the system was subjected to extra- 
neous pressure. Certain conditions must therefore be 
assumed before an investigation of the stresses on the 
different could be ae If strength only was 
considered, the best adjustment appeared to be that which, 
when the system was under pressure, caused the whole 
bending moment to be borne by the truss rods, and left 
the timber over the king-posts entirely free from transverse 
strain. 

Formule for the stresses on the various pate were then 
given, and it was then demonstrated that if the truss were 
cambered or allowed to sag, then the stresses would be in- 
creased, and the best condition of adjustment was the one 
first assumed. To attain this condition, if the beam was 
continuous from end to end, the system when under pres- 
sure must have a certain deflection, viz., one-fifth of that 
which the beam would have if there was no system of 
trussing. The condition of the system when the pressure 
was removed was next examined, and formule were given 
for ascertaining the camber which it would assume. The 
intensities of stress on the various parts were also investi- 
gated, formule for the same being given, together with 
methods of showing those intensities by diagrams. A 
similar analysis was also made supposing that no working 
deflection was allowed. 

In the case of wrought-iron gates, the point to be con- 
sidered was the effect of direct compressive stress combined 
with bending moment on a wrought-iron girder com 
of flanges connected by a centre web. The position of the 








neutral axis was investigated, and methods by di 
were described ; first, for finding the intensities and distr 
bution of stress on any given section ; and, secondly, for 
designing a section of such proportions that the intensity 
of stress on any fibre should not exceed certain limiti 
intensities of tension and compression. When the method 
of finding the principal stresses, as explained, was con- 
sidered in connexion with the effect of a bending moment, 
there could be no doubt but that, theoretically at least, the 
most advantageous form ,was that on which the water 
pressure — no bending moment, that was to say, 
when the line of the centres of gravity of the cross sections 
corresponded with the centre line of the gate, and when the 
centre line of both gates formed together one conti 
arc of a circle extending from centre to centre of the heel- 
posts, and passing through the centre of the meeting faces 
of the mitre-posts. The author showed that when this 
form was departed from the increase of metal would be 
rapid as the gate was flattened, nor would any appreciable 
uction in the cost ton occur, until the gate was 
reduced to the absolutely straight form, when the increase 
of metal would, in the author’s opinion, more than counter- 
balance the decrease in price supposed to arise from the use 
of unbent plates. 

As regarded the rise, Mr. Bramwell had pointed out that 
the most economical form of gate was that in which a pair 
of gates when shut formed a continuous arc subtending an 
angle of 133 deg. 56 min., at the centre of the circle of 
which the said are formed a part, thus making the rise of 
the gates equal to the width, from centre to centre of the 
heel-posts, multiplied by 0.32958 ; or in round figures, when 
the rise was equal to one-third the span. 

Hitherto no notice has been taken of the variations of 
stress due to the alteration of form when under pressure. 
Any analysis of such variations must necessarily be com- 
plicated ; and it appeared to the author that it would be 
useless to attempt to arrive at any general form for such 
investigation, as every gate would cove its own individual 
peculiarities, which would inevitably vitiate the result. 
Practically, if the strength of a gate was calculated on the 
bases of the extreme cases of nipping at the inner and 
outer edges of the mitre-post, the increased stresses due to 
alteration of form under pressure might be safely ignored. 
Setting aside theory, it must be remembered that the most 
economical was not necessarily the most advisable form for 
a pair of dock gates. The gate was the mest impartant 
part of a dock, but it was a comparatively small item of 
the cost, and its outlines should be designed with a view to 
the general convenience and requirements of the situation, 
rather than to the structural economy of the gate itself. 

The paper was soereenres by four appendices. The 
first appendix gave a method of dividing the vertical section 
of a gate into layers sustaining equal pressure. The second 
was a proof of one of the investigations in the paper. The 
third gave an example showing the practical application of 
the method of ascertaining the stresses on a dock gate ; 
and the forth treated of the deflection of wooden beams of 
uniform rectangular section throughout their length, and 
showed how the deflection could be reduced from the curve 
of bending moments. 








THE TOWER BRIDGE. 
To THe EpITorR OF ENGINEERING. 

S1r,—In a letter in your number of May 30th, ‘ Anglo- 
American’’ criticises the design of my bridge in your paper 
as sketchy and immature. Perhaps as to the first he is 
right. Itis simply a perspective sketch, with its faults 
and nothing more ; but is it correct or generous to call it 
immature, from the reason I have justassigned? I dare say 
I could, if called upon, design a bridge, with full working 
drawings, which would satisfy even so exigeant an expert 
as ‘‘A.A.” I beg also to add that I am not the Methuselah 
he imagines, and that I know nothing of the doings of Mr. 
Pope, nor of the bridge at Wandipore, nor have I copied 
a | old designs. 

cannot reply to the second paragraph, as my ignorance 
cannot master its grammatical combinations. 

It would take more space than I dare ask of you to 
answer ‘“‘A. A.’ The best I can do is to refer him toa 
valuable well-known work on long-span bridges by B. 
Baker, Esq., C.E. (Spon, London), where my system is 
fully discussed and investigated with favourable results. 
I will quote only two passages from this standard work : 

‘The continuous girder of various depth (Sedley’s 
patent) maintains a rapidly increasing advantage over all 
other types, up tothe limiting span.”” And again: “ Itris 
very improbable that we have seen the last of patents 
affecting this class of bridge, but we think it will be diffi- 
cult to dislodge Mr. Sedley from the position priority has 
given him. .. . . We imagine a structure composed of two 
cantilevers and a centre girder will, in this country at 
least, be generally known as ‘ Sedley’s Bridge.’ ” 


the sun, I made no claim for the cantilever or mid-girder 
separately, but for the combination, whereby a very stable 
and rigid platform or deck is made at, I venture to say, a 
lower cost than by any other proposed plan yet known. 

In conclusion I would beg to say that I have constructed 
bridges for India, China, South America, and Africa, all 
of which seem to answer well. I have also received very 
courteous letters from engineers in America, India, and 
elsewhere, asking me for information, some also at the 
same time sending me orders for bridges, but none of these 
gentlemen have, by hint or otherwise, in any way assailed 
my right to priority of invention of this system. 

I am, Sir, your obedient servant, 
ANGELO J. SEDLEY. 


1, New Burlington-street, London, June 2, 1879. 
TUNNELLING THE Derrorr.—Work in a tunnel under 


the Detroit river, at Goss Isle, was begun April 22, on the 
Canada side. ; pesca 











Acknowledging the fact that there is nothing new under ra 





AN INDUCTION BALANCE. 
To THE EDITOR OF ENGINEERING. 

S1r,—I have been much surprised to observe that in 
none of the letters or papers that have been written on the 


ting — of the neutralisation of dynamic induction cur- 


in parallel wires has any mention been made of my 
e ments on the subject, a short account of- which was 
= lished in the ‘‘ Journal of Telegraph Engineers,”’ Vol. 
. -° XII., page 427, in a letter dated the 1st of Octo- 

r, - 

The following extracts from the petition for my Indian 
patent, dated the 23rd of August, 1873, and my Indian 
ay ~ dated the 7th of November following, will show 

ow far the recent arrangements of Edison, Hughes, and 
Wilson were anticipated nearly six years ago by myself. 
Extract from Petition dated 23rd August, 1873. 

‘When two lines run parallel for long distances there is 
an inductive action between them which frequently causes 
embarrassment. I'overcome this by the use of an induc- 
tion coil at each end of the lines. Each coil i 


D is wound with 
two wires, and each line wire is connected with one of the 
wires of the coil, but in reverse directions. The coils thus 
produce induced currents which are inan opposite sense to 
those produced in the line wires. The currents may be 
adjusted to equality and hence caused to neutralise each 
other. The plan may be modified by connecting the line 
wires with primary wires and using secondary wires as 
shunts on the instrument coils; in this way the plan may 
be applied to the case where there are several parallel 
wires.’’ This arrangement is not included in the English 
patent. 

“*In many of the above arrangements induction coils 
and electro-magnets are cuieeel | for the production of 
induced currents. I find that in such cases an increase of 
at least 50 per cent. in the strength of the induced cur- 
rents may be obtained by simply joining the two cylindrical 
magnets together in the ordinary so-called horseshoe form, 
and fastening a soft iron armature to their poles. Of 
course, in the case of induction coils, each of the cylin- 
drical magnets is wound with primary and_ secondary 
wires, and the primary wires are so connected as to form 
alternate poles.’’ 

Extract from Patent dated 7th November, 1873. 
_ ‘Finally, Fig. 26 will show the arrangement spoken of 
in my petition for preventing or counteracting the induc- 
tive action between two wires running more for long 
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distances. It will be seen that each instrument is placed 
in the cross-circnit of an induction bridge ; this is done in 
order to counteract the electro-magnetic retardation 
caused by the line currents having to pass through electro- 
magnets. Simple electro-magnetic shunts might be em- 
ployed as in Fig. 27, but with less effect.’’ 

ghee Yours truly, 


C. W. WINTER. 
Arconam, May 9, 1879. 
P.S.—The paper in the “ Journal of Telegraph Engi- 
neers’’ gives an arrangement similar to Wilson’s, the two 
wires < the induction coil being shunts on the relays.— 








STEAM ENGINEERING IN 1879.—THE 
PERKINS SYSTEM. 
To THE EDITOR OF ENGINEERING. 

S1r,—The trials on the Clyde of Mr. C. J. Lambert's 
auxiliary sailing yacht Wanderer, R.Y.S., 708 tons B.M., 
with steam of 400 Ib. and upwards per square inch, have 
excited considerable interest, and have been reported with 
more or less correctness by the Press. It is however 
evident that much misapprehension exists as to what has 
been accomplished in the case of the Wanderer as well as 
to what are claimed as advantages by Mr. Perkins, the in- 
ventor. For instance in.an article on the Wanderer in the 
Field of the 24th of May by “‘our own Clyde corre- 
spondent”’ it is affirmed, ‘* With the expense and delay 
occasioned by repeated improvements suggested with re- 
newed experiments, the cost of the engine and its connexion 
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must have been enormous,” and as a fitting addition to 
such an incorrect statement the total cost of the yacht is 
assessed at 100,000/. As a matter of fact she has cost con- 
siderably less than one-half the amount named, and the 
delays in completion have neither been due to the causes 
alleged, nor have they led to unusual expense. 

The decision to order engines and boilers on Mr. Perkins’ 
system was mdde some time after the order for the hull of 
the Wanderer was given to Messrs. R. Steele and Co., and 
the new designs an pee required, together with the 
boilers and much of the engines, being almost a new manu- 
facture and out of the previous experience of the builders, 
were the primary causes of delay in completion. 

As a matter of fact, if the original working designs, 
supplied by myself and Mr. Perkins, are compared with 
the machinery on the arrival of the Wanderer at Cowes, it 
would require very g engineering to point out the 
alleged improvements. I write with strict trathfulness and 
justice to Mr. Perkins, when I affirm that considering what 
a complete revolution is involved in the machinery of the 
Wanderer, the trials have been strikingly free from defect 
or failure. 

With the view of being prepared for failare, the engines 
were designed for conversion to ordinary compound en- 
gines at the least possible expense, and this has somewhat 
increased the difficulties to be overcome. 

It is simply impossible to deal with such criticism as 
that contained ina letter in your last number, as the writer 
has evidently little knowledge of the specialties of the Per- 
kins system, and the data are incorrect. I propose on 
another occasion to ask you for a little more space. At 
present Iam in the country, writing without any other 
information than my memory affords. 

The Wanderer is now on her way from Cowes to the 
Thames, and since her arrival at Cowes not a cover has 
been disturbed, and only the usual attention paid to glands, 
&c. She averaged 10 knots from the Clyde, burning about 
5ewt. per hour. 

Mr. Perkins promised economies in weight, space, fuel, 
and repairs, together with a safety that can only be fully 
realised by those who will take the trouble to examine the 
designs of his boilers and their connexion. The safety 
valves are loaded to 6001b., and the working pressure is 
about 400 Ib.; no priming has occurred. 

In the Wanderer we have saved 30 tons in weight of ma- 
chinery, and to get the same power with good compound 
engines, and boilers of the usual type, we should require 
40 per cent. more floor area for the boilers. The two first 
economies are certainly realised, and to a considerable 
extent. 

With reference to the fuel and repairs, time and ex- 
perience alone can give the facts. As far as my own ob- 
servation enables me to judge, I think a saving of 30 to 
50 per cent. will be realised as compared with the best 
present compounds, and there is sufficient experience to 
prove the boilers will be durable, and not deteriorate in 
generative power. 

With the experience of the Wanderer’s engines at sea 
(on one occasion the engines were not stopped for 76 hours), 
the entire absence of trouble affecting the system or pres- 
sure—either in engines or boilers—400 lb. pressure and 
274in. vacuum, I think one is justified in some amount of 
enthusiasm, and also in the belief that just at the right 
time this country will have its pre-eminence largely in- 
creased by a new era of steam navigation due to the 
economies I have referred to, and which promise realisa- 
tion in the Perkins system. 

It may be hoped also that as Messrs. R. Steele and Co. 
have found none of the difficulties in manufacture that were 
alleged as the cause of the Perkins engines ordered for 
H.M.S. Pelican not being completed, our naval authorities 
will avail themselves of the special advantages the new 
system offers as applied to our steam —z- 

I an, Sir, yours obediently, 


J. F. SPENCER. 
Western-Super-Mare, June 3, 1879. 





THE PERKINS SYSTEM OF ENGINES. 
To THE EDITOR OF ENGINEERING. 

S1r,—Your correspondent Mr. Bury, in the issue of 
May 30, in his remarks on the Perkins system of en- 
gines, shows a desire for more information; would you 
be kind enough to allow one who has had a little experience 
in it to state a few facts that have come under his own 
observation ? 

The advantage to be derived from the Perkins system of 
engine is a great saving of money in the working and up- 
keep. As stated in the paper referred to by Mr. Bury, 
they use less fuel, and consequently require fewer men for 
handling it, and less space for stowage, which in a steam- 
ship is a matter of the greatest importance. The boiler 
takes up less space, and weighs about one-fourth of the 
ordinary cylindrical tubular boiler of the same power. 

The risk from explosion is reduced to a minimum, the 
working pressure being only one-thirtieth of the bursting 
pressure. There is no scaling or cleaning required for the 
inside of the boilers, and no chance of heavy boiler-maker’s 
bills for repairs, as I believe it is not yet known how long 
a Perkins boiler will last, for after working thirty years 
they seem as good as new. 

Taking the time an ordinary marine boiler of the type at 
present in use will last as ten years—and few of them work 
that time—a Perkins boiler will work out three of them. 
Allowing there was no other advantage to be derived from 
the system, that alone would recommend them. 

The pistons and valves receive no lubrication and require 
none, and the pistons are driven with perfect safety at a 
speed of 500 ft. per minute, the cylinders being kept at a 
temperature of 390 deg. or 400 deg. Fahr. The result being 
that after working for days, the cylinders are found to be 
burnished smooth and bright as a mirror. 

There is less friction with the Perkins piston than with 





any steam-tight piston yet constructed that I know of. 
Leaving aside indicated horse power, as Mr. Bury desires, 
and taking results of actual work done, one company, who 
a number of years ago adopted the Perkins system of 
engine, get nine times the amount of work out of the fuel 
they did with the old type of engine; and another firm is 
getting the same work done by a Perkins engine on 3 cwt. 
of coal per day, that with the old type — 13 ewt. 

Mr. Bury’s assertion that 500 indicated horse power from 
an ordinary compound engine would drive the yacht 
Wanderer at the same cauten indicated horse power 
from a Perkins engine is rather bold, and I cannot under- 
stand how he arrives at such conclusions as to that and the 
other defects he fancies he sees in the system, and to my 
mind shows conclusively he is greatly in need of light on 
his subject. 

I may safely affirm that when once Mr. Bury gets 
acquainted with the details, he will admit that Mr. Perki 
has brought his engine and boiler to a greater state of per- 
fection than ever he dreamt of. 

I am yours, &c., 
R. J. W. 

39, Lynedoch-street, Greenock, June 4, 1879. 








PERMANENT WAY FOR TRAMWAYS. 
To THE Epiror or ENGINEERING. 

S1r,—In his letter of the 19th inst, Mr. Henry Vignoles 
expresses surprise, accompanied evidently by no little 
chagrin, that ‘‘ other engineers’ had not come forward to 
challenge the correctness of the statements in my letter to 
you of the 18th ult. in reference to the defects of the 
tramway system with which he has identified himself. 
The reason why “‘ other engineers” have not come forward 
is obvious. 

rw Nan oy 2 Vignoles says that I pointed out only one 
objection to his system ; butas that one objection was con- 
clusive, if not fatal, it was superfluous to proceed to others. 
He admits, or at least he does not deny, that with “ his’’ 
tramway rail the pavement is liable to dislocation and the 
track to derangement ; but he pleads that this may be re- 
medied by adopting such a system of patching up by concrete 
under and around the railas Mr. Kincaid was compelled to 
adopt at Bristol. He says, “If the paving is proper] 
maintained, the paving stones could not sink an inch 
below the rail, and wnfortunately tramway engineers 
think it neces to provide for bad maintenance.”’ (The 
italics are om e object of an engineer, however, 
should be to devise a system which would not be de- 
pendent upon such ‘‘ifs,’’ and upon such rarely perfect 
conditions. The primary reason for bad maintenance is 
the defective construction of the pen pe way, causing 
so much trouble that it is impossible except at an enormous 
cost to keep the road in anything like repair, and it ought 
to be the first consideration of an engineer to anticipate 
and provide for bad maintenance by designing a proper 
roadin the first instance, instead of heginning with a bad 
system, and then resorting, as Mr. Henry Vignoles does, 
to supplementary and expensive remedies. If he is wrong 
in the abstract, he cannot put himself right in the concrete. 
There cannot be a doubt amongst practical men (not 
‘*theoretical engineers’’) that the deep-sided channel rail 
supports the Lary sets far better than the old centre-web 
section as adopted by Mr. H. Vignoles. 

I certainly like the idea of Mr. Vignoles cautionin; 
people against the use of my permanent way on the groun 
of his ‘‘ experience’! I think I am correct in saying that 
he himself has not laid a single mile of what he calls his 

ermanent way, and that his experience does not entitle 
im to give anything more than a theoretical opinion, at 
all events on an iron permanent way. 

I will now take his objections to my system of iron road. 
He complains of, first, ‘‘ absence of cross sleeper road.’’ In 
the designs I illustrated there was no absence of cross 
sleepers ; I certainly showed one of wrought iron, and am 
thoroughly convinced that if the gauge has to be maintained 
an iron sleeper must be used, and that a timber sleeper 
after a few years of steam traffic would be simply worthless 
for the purpose. Mr. Vignoles assumes that because the 
Paris tramway has shown indications of weakness, every 
other, except a cross sleeper, would do the same. The 
maintenance of the gauge is a very important matter, and 
the difficulty of keeping it is greater on tramways than on 
ordinary railways, for the reason that the height of the 
rail is so much greater from the base of the cnapen. I 
have found that a tie-bar placed at the bottom of the block 
is almost useless, but the same bar placed at the top and 
just under the rail makes a perfect gauge. Just imagine 
an iron chair, such as gonpenne by Mr. Vignoles, secured to 
a timber ory with the rail perched 9in. above the hase! 
What possible hold would such a tie have for an engine 
going round the curves? Take away the pavement, and 
where would be the gauge of the road? I maintain that 
a road should be so constructed that it will maintain its 
gauge independently of the | ey but if a cross sleeper 
has to employed let it be of iron, on which you can secure 
an immoyable rail support, and not on a foundation that 
will become rotten in a few years, or indented by the chairs 
themselves. If cross sleepers are not adopted, the gauge 
can be well maintained by a strong iron bar firmly secured 
to the rail supports, and as near the top as possible ; 
but such flimsy and badly-secured tie-bars as are used on 
the Paris and other roads must not be taken as an example 
of what a well-tied road would be. Mr. Vignoles says an 
iron foundation plate is most objectionable, as it causes a 
rattling and disagreeable noise tothe 1 injthe cars. 
This must be another ‘‘ theoretical’ notion, or he may 
have heard of some badly-constructed road. The first 
tramway of this description I laid in the year 1869, and 
since that time up to the present date I have laid for one 
company or another more than one hundred miles, and 
have never yet heard a single complaint of the kind so 
positively asserted by Mr. Vignoles. With regard to longi- 





tudinal foundation-plates, Mr. Vignoles says ‘it would be 
impossible to bendjthem to the curves of the, road.” 
I thought engineers did not believe in impossibilities, and I 
must therefore show him how to get over one of his 
own imagination. One plan is to make the longitudinal 
plates in sections of from 2 ft. to 3 ft. or 4 ft. in length, 
according to the severity of the curve spaced about 
lin. apart. The rail is then free to bend to any curve ; 
or if the rail supports are in the form of continuous angle 
bars, or the very broad flange rails now coming into use, a V- 
shape slot or notch may be cut out of the flanges on each 
side. Mr. Vignoles may remember, that is, if he served 
any number of years in an engineering workshop, that this 
is the plan adopted for bending thick pieces of timber to 
curves of small or dimensions. With regard to the 
steel keys which were shown in my illustrations projecting 
so much beyond the rail, 4 in. on each side is quite suffi- 
cient, or I can make them practically flush with the rail if 
necessary. 

Mr. Vignoles does not agree with me that the foundation- 
plate should support the pavement, but it is well known 
that the greatest trouble and in connexion with 
tramways is the sinking of the pavement on each side of the 
rail, and Mr. Vignoles offers no remedial suggestion beyond 
what has already been fo’ insufficient for this purpose. 
More recent experience has proved that the pavement is 
er ——, by a foundation-plate ane ve- 
ment, as sugges y me some and which is 
now being generally adopted. With pf to ‘* dressing 
the stones to fit on to the lates,’’ Mr. Vignoles is 
surely aware, or ought to be, that such a thing is never 
done and could not be seriously contempla by any 
practical man. 

He complains also that I did not include in the estimate 
of my system the cost of loging Ge road. Now this would 
have been a just complaint I only given the total 
amount; but I gave each item sepacstely, and purposely 
left out the cost of laying, as this would of course v: 
according to the locality of the road; but had I given it 
for any particular place, say London for instance, the total 
must have shown still more in my favour. In conclusion. 
he asks me to favour him with an estimate of the cost of 
the system usually — by me, as shown in Fig. 5 in 
my previous letter, an points out that the weight of 
baseplates ought to be nearer 26 tons, than 18 tons, he 
might have seen that the weight was simply a printer’s 
error, because the money total represented a weight of 
24 tons, but I find there was an error in the item for tie 
bars which ought to have been 9 tons, this with the 
additional cotters would bring the total up to 742l. per 
mile. The cost per mile of the road I usually lay, as was 
shown in Fig. 5 is 7551. Imay just add that the system 
illustrated by me is ur ace | the same as that I have 
—_ adopted, excepting a few improved modifications 
which my experience has enabled me to devise. Again 
thanking Mr. Vignoles for the amusement he has afforded 
me in cautioning people, from the resources of his own 
imaginary experience, against the adoption of my perma- 
nent way, which has merely the recommendation of prac- 
tical success to protect it from his criticism, 

I remain, Sir, &., 
re: James LivzEsry. 
9, Victoria-chambers, Westminster, May 28, 1879. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
very thin attendance on ’Change at Middlesbromgh, and 
the amount of business transacted was exceedingly small. 
Pig-iron makers quoted iron on the bases of No. 3 selling 
at 35s. per ton. erchants declared that they could obtain 
that quality at lower rates, and in some instances they dis- 
posed of it at 34s, 6d. per ton. Many of the leading mer- 
chants hold an opinion that in the course of a week or two 
No. 3 will be sold as low as 30s. per ton. The blast fur- 
naces which have been damped down during the recent 
strike of the Durham pitmen are ually being blown in, 
and in the course of another month it will be found that 
the total production has been considerably increased 
as compared with the month of May. 


The Finished Iron Trade.—There is no alteration in the 
finished iron trade. Prices aro rather better than they 
were a few weeks ago, but that is due more to the fact 
; a ad works are closed than to any improvement in 

emand. 


Engineering and Shipbuilding.—On the banks of the 
Tyne, Wear, and Tees, there is a good deal of engineering 
and shipbuilding, but there are not so many inquiries as 
there were a short time ago. On the latter river there are 
some splendid vessels in course of construction. 


The Coal and Coke Trades.—There is nothing new in 
the fuel trade. There isa plentiful supply of both coal 
and coke, and prices are low. 


The Future.—The recent failures in the Middlesbrough 
district have shaken confidence, and it is feared that until 
the next few months shall have passed away there will 
be no improvement in trade. There is a hope, however, 
that after that time there will be better times, and that 
the steel trade will be more rapidly developed than was 
anticipated a short time ago. 





Tue HorcHxkiss Revotving CANNON.—The Dutch 
Navy has just received 25 Hotchkiss revolving cannon, of 
37mm. calibre. These guns are intended to be used princi- 
pally to repulse torpedo-boat attacks, The gun is ofthe 
same calibre and construction as those supplied to the 
French Navy. The revolving cannon ound favour 
in the Russian Navy, and some of the vessels of the Baltic 
evolutionary squadron will be armed with them during the 
summer. 
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ARTICULATING TELEPHONES. 
On Edison’s Electro-Chemical or Loud-Speaking 
Telephone.* 


By Conrap W. Cooxg. 
(Continued from page 468.) 

ALTHOUGH three years have not elapsed since Bell first 
showed his earliest form of telephone, the principle he then 
discovered ee ae pee yo sens he > 
vestigators, and man. , more or less in 
their action, have bene given to the world in that short 
interval. Time will not permit me to do more than indicate 
very briefly the arrangement of 


eee SE tenet onl monk 
i value, as and mos 
benutifal form which I shall 


we to bring under your 
notice, the lond. of Mr. ‘Edison, must 


occupy a considerable portion of this paper. 
The two lower in the di before you illus- 


trate the t form of the Bell hone ; it consists of a 
ab west eae Ob America these cases are made of 
ebonite, and are remarkable for their form and finish). In 
the centre of this case is the magnet, a cylindrical steel bar, 
5 in. and } in. in diameter. At the front end is placed 
an ebonite bobbin carrying the coil, the ends of which are 
soldered to two stout pieces of wire, which traverse 
the case and terminate in two bi g screws at the rear 
end. The diaphragm in front of the is held in 
place by the mouthpiece, which is screwed down to the body 
of the case ; the opening left in the mouthpiece being about 
+ in. in diameter. The action of this instrament is = 
cisely similar to that of the transmitter last described. The 
results obtained with this instrument, though feeble, have 
been very remarkable. In the early days of its existence, 
conversation could be freely carried on between Boston 
and New York, by means of a telegraph wire 258 miles in 
length, breathing was —_ _- yh : ata > pee of = 
miles, and some very in ing and successful experimen 
have been eniel on on the submarine cable between 
Dover and Calais. But in these experiments the weak 

int of telephonic transmission was very strikingly mani- 
Fosted. The wire through which conversation was success- 
fully carried on dee ae a yt : ing the cable, the —— 
three being in use for telegraphic p at the 
time; the currents induced by those —~ 7 nea these 
three wires made themselves audible, like an electric echo 
as it were, so clearly and distinctly that the passing Morse 
signals could all be heard, and the flying messages de- 
ciphered and read as they passed through the wires; but 
this interfered with een drowned the delicate tele- 
phonic signal, and this difficulty is one which has interfered 
seriously with the adoption of the telephone in this country. 
I may mention that Mr. Edison has lately devised a means 
of protecting telephone circuits from these inductive 
influences. 

Professor Bell’s patent specification for the speaking 
telephone was filed in the United States Patent Office, on 
the 14th of February, 1876, and it is a most remarkable 
illustration of the fact, that investigators, following the 
same line of inquiry, often arrive at similar results at the 
same time ; for Elis Greg's patent for the transmission 
of local sounds telegraphically, was filed at the United States 
Patent Office on the same day. 

Gray’s Liquid Telephone.—The next diagram (see ™~ 3) 
represents Dr. Gray’s transmitting instrament, which 
consists of a cylindrical box, closed at the bottom with 
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ragm, to the centre of which is 
sing nearly to the bottom of an 
insulated vessel beneath, the end of the rod being almost, 
but not quite, in contact with a conductor passing 
through the bottom of the insulated vessel. This vessel is 
filled with water, or some other fluid ing a high de- 
= of istance. I understand Mr. Edison bas also 
esigned an instrument somewhat similar in principle. 
The receiving instrument consists of an ordi electro- 
magnet, the poles of which are placed ite to, and in 
close proximity to a piece of soft iron to the centre 
of a mem stretched across the bottom of a resonator. 
These two instruments are placed in circuit with the 
battery, the currents of which are controlled by the vibra- 
tions set up in the diaph of the transmitting in- 
strament by sound waves upon it. 
Gower’s a oe improvement has quite 
recently been made by Mr. F. A. Gower in the Bell tele- 
which not only is its clearness of articulati 


a membranous diaph 
attached a light rod 


hone, tion 
= but its power is augmented. With this instru- 


* Paper read before the Society of Arts. 








ment, an illustration* of which we will now throw on the 
screen, it is possible to send without placing the 
mouth against the transmitter or ear against the re- 
ceiver, and it must be regarded as the most 
een ee eeneerenene 7 Saaner, t differs from 
that instrument only in the form and disposition of its 
parts. The magnet is a thick D-shaped bar of steel of 

cross section, carry!ng at its poles two flat 
pole-pieces of soft iron surrounded by flat coils of insulated 
wire. By this form, ter magnetic intensity is insured, 
and the two poles can be brought very close together, so as 
to be as nearly as possible to the centre of the 
diap . Aspecial feature of this telephone is the call 
or si i tus, which consists of a musical reed of 
steel attached to the diaphragm, and vibrating in a slit cut 
therein. This reed is t into vibration by a puff of 
air blown into the s ing tube attached to the case, and, 
as its motion is wholly within the magnetic field, it transmits 
a synchronously vibrating current through the line wire, 
and the telephone at the distant station emits the same 
note. The method of using this instrument is exactly the 
same as persons are already accustomed to in the ordinary 
speaking tubes. The signal is given by blowing into the 
mouthpiece, and the messages are both transmitted and re- 
ceived through an ordinary 5 i be mouthpiece 
and flexible tube. This point of resemblance is certainly 
in its favour, as it introduces nothing but what persons are 
accustomed to use. 

Gray’s Electro-Magnetic Receiver.—This diagram (Fig. 4) 
a a more recent form 
of telephone devised by Pro- 
fessor Gray, and manufac- 
tured for geass use by the 
Western ric Telegraph 
Company of Chicago. As you 
will perceive, its arrangement 
is very simple. It consists 
of a soft iron handle H, to the 
front of which is attached a 
soft iron bar B, the upper 
4 end of which is fastened by 
a screw to the body of the 
instrument. The upper end 
of the handle carries a core C, 
around which are two coils. 
The one to the rear is a pola- 
rising coil, and is connected to 
a battery, by which it is ren- 


dered ic ing 
posite polarity to that of the 
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N) , 4 
4 Vi, diaphragm D. The smaller 
VJ core in front is connected to 
Ties the line, in which another and 
N Y similar instrument is in circuit. 
Y The regulator A is simply a fine 
AY screw, by turning which, the 





soft iron bar, which always 

Fia. tends to approach the dia- 

phragm, can be further from or closer to it, as the adjust- 
ment may require. 

Edison’s Carbon Telephone.—It may be readily imagined 

that Mr. Edison turned his attention early to this field of 

inquiry, and following, at first, in the footsteps of Reis, 


he quickly diverged upon a new line of investigation, which 
terminated in the ection of the carbon telephone. In 
this instrument, Mr. Edison made use of the well-known 


property by some imperfect conductors of varying 
their resistance with variations of ure, and the instru- 
ment first completed is shown in the diagram now thrown 
upon the screen¢. The general form of the instrament 
somewhat resembles the hand-telephone of Professor 
Graham Bell, although, of course, all ends at this 
point. Through the middle of the body of the case passes 
astem, terminating at its upper extremity in a shallow 
cylindrical box or cup ; this stem can be raised or lowered 
by means of the ——s screw at the lower end of the 
case; the cup just referred to contains, first, a thin 
platinum disc; second, superimposed upon it, a button of 
carbon ; and third, a second disc of platinum. This series 
is held in place by an annular cover screwed down on the 
box, and a thin diaphragm is employed, as in the Bell tele- 
phone, being held in p by the mouthpiece, which is 
8c down upon it, a s piece of rubber-tube being 
introduced between the diaphragm and the upper platinum 
disc in such{a manner as to exert a constant, but light, 
pressure upon the latter. The upper and lower discs of 
platinum {are connected respectively to the two terminal 
screws, by which the instrument is placed in circuit with 
the battery and receiving instrument at the other end of the 
line. The action of this beautiful instrument depends upon 
the varying resistance of the carbon disc, due to variations 
of pressure exerted upon it by the movement of the dia- 
ph , under the influence of sonorous vibrations im- 
pinging upon it. 

And here I wast apes Se a ae ory to ate a aoe 
very interesting ins’ en! ied in principle e 
carbon telephone. The first is me Etion’s carbon rheostat, 
(Fig. 5), which is an instrument for varying the resistance of 
a circuit ; it consists of a hollow vulcanite cylinder, partly 
filled with alarge number of discs of silk that have pre- 
viously been saturated with size, and well filled with 
ad ge 0; these discs are surmounted by a pressure 
block, which can be raised or lowered to any extent bya 
micrometer screw, and the resistance be thus varied at 
pleasure. The second instrument is the celebrated micro- 
tasimeter of‘Mr. Edison ; this is shownalso by a diagram.t 
It consists of two heavy blocks, and cast in one piece with 
the base-plate. Upon the face of the block a vulcanite 
disc is secured by a platinum-headed screw, the head of 


* See ENGINEERING, 387 ante. 
+ See ENGINEERING, vol. xxv., p. 497. 
I See ENeGInzERING, vol. xxvi., p. 99. 





‘ect modifi- | by 





which rests in the circular recess formed in the disc. In 
contact with this platinum head is a carbon button, and a 
dise of platinum is placed ‘outside it, and kept in position 
the stud, the centre of which is » to hold one 





Fia. 5. - 
end ofa bar of any material the expansibility of which it 
is desired to test ; the other end of this bar is map in 
a similar manner = bearing, placed at the end of an ad- 
justable screw. The platinum discs are in circuit with the 

ttery and a galvanometer, and so sensitive is this instru- 
ment to variations of mechanical pressure, that if a strip 
of gelatine be placed between the supporting points, and a 
piece of moistened paper be brought within a few inches of it, 
the expansion arising therefrom, by increasing the pressure 
on the carbon, is instantly recorded in the galvanometer. 
The diagram onthe screen“shows the latest form of this 
marvellous instrument (Fig. 6). In it a conical reflector is 





Fra. 6. 


employed to concentrate the effects of variations in tem 
ture upon the strip which is held between the clamp and the 
carbon and platinum discs, which are placed in circuit as be- 
fore with a batteryand galvanometer. The screw adjustment 
shown is employed for measuring exactly the degree of ex- 
pansion produced. This is effected by noting the deflection 
ae ee in a galvanometer during an observation, and 
then by turning the screw until the same amount of de- 
flection is obtained by direct pressure. The result will then 
be recorded on a dial. So delicate is this exquisite instru- 
ment, that by placing the hand in a line with the cone, and 
30 ft. distant from it, the action of the heat is instantly re- 
corded by the galvanometer. 

Edison’s Moist Paper Telephone.—In 1877, Mr. Edison 
devised an instrument, of which a diagram is shown (Fig. 7), 


ra- 





Fia. 7. 


in which the carbon button is replaced by a strip of bibulous 
paper moistened with water, and which possesses the pro- 
its resistance under variation of pressure ; 


poeg he changi 
the bottom this instrument forms a water chamber, in 
which one end of the paper strip is immersed, the other end 
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lying between two platinum discs placed in circuit with the 
battery ; the arrangement of dia , rubber contact- 
piece, are precisely like those described for the carbon 


telephone. wegen 

Edison's New Carbon Transmitter.—The latest form of 
Mr. Edison’s carbon transmitter is that shown in Fig. 8. 
In this, the carbon: disc is contained within an ebonite 
ring, screwed to the metallic portion of the frame form- 
ing one of the connexions of the circuit, and the car- 
bon button rests upon this metallic surface. The other 
face of the button is covered with a disc of platinum 
foil, connected to an insulated terminal, and forming the 
other cireuit connexion ; this foil is cemented to a disc of 
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glass, in the centre of which is placed an aluminium stud 
that bears against the diaphragm of the instrument. This 
is an exceedingly simple and compact form of telephone. 
The Crown Telephone.—The so-called crown telephone, 
Fig. 9, devised by Mr. G. M. Phelps, of the Western Union 
Telegraph Company, has been used with excellent results in 
combination with the Edison carbon transmitter, although 





as a transmitting instrument it produces admirable results, 


openings. The coils are connected together so that the 
currents generated by the vibrations of the dia; are 
in the same direction when united, and are ay 
much stronger than when only one coil is employed. 

similar instrument receives the m at the other end 
of the line. There is another form Phelps’ instrument 
largely made by the American Telephone Company. It 
consists of a mouthpiece at 


oval ebonite case containing a bent magnet 
the bar carryin no oil behind the dine ‘ 


the other 
pole being a‘ ed to the iphery of the diap in 
ee ee coe tee tat sete ie the aoe ie 
phone just referred to. 


Breguet’s Telephone.—Breguet’s telephone (Fig. 12) 
merits more than a passing word. The transmitter and 
ceiver are alike, and consist of a glass vessel containing 
mercury, over which floats some acidulated water. The 


pointed glass tube dipping into the vessel also contains mer- 





Fig. 12. 


cury. These two vessels of mercury are connected, and over 
the top of each tube is a mouthpiece and oe _On 
speaking above the tube of the transmitter, the vibrations 
are transmitted through the mercury, and contact is made 
with the acidulated water by means of the small opening 
left in the tube. The vibratory movements of the mercu 
by this means generate electro-capillary currents, whic’ 
flow through to the receiving instrument, and reproduce 
the exact conditions which generate them, thus giving out 
the sounds spoken at the other end. ¢ 
Gray’s Physiological Telephone.—One of the most ori- 
ginal and extraordinary of musical telephones is that 
which I have here, but which I am sorry not to be able to 
show you in action ; it is the invention also of Elisha Gray, 





Fia. 9. 


and isanarrangement of high merit. It consists of an ordi- 
nary combination of diaphragm, bar magnet and coil, but, 
in addition, there is a group of six permanent magnets, 
bent into a ci form, and having their similar poles 
joined up to the central bar ing the coil. The other 
ends of these magnets are at to the edge of the 


Doub Crown Telephone.—The double crown instru- 
ment (Fig. 10) is simply a duplication of the radial 
group of magnets just described, a pair of coils also being 
introduced. These coils are so connected, that the currents 
generated by the vibrations of the discs are mutually 
strengthened. 

Phelps’ Telephone —Another form of the Phelps telephone, 
Fig. 11, includes a permanent bar magnet bent so that the 
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poles are brought near to each other; attached to brackets 
on the poles of this et are two coils, opposite which 
are two diaphragms, — between them is a central mouth- 


piece opening into a chamber, in which the pulsations of 
the air'in talking act upon the diaphragm through lateral 


Fig. 10. 


and is known as his physiological receiver. It is founded 
ona phenomenon first observed by Dr. Gray while watching 
some children playing with an induction coil, and giving 
one another s a. He noticed that when a dry thin 
metallic surface, connected to one end of the ry cir- 
cuit of an induction coil, is rubbed by the hand, while the 
operator is holding the other end of the seco wire, a 
sound is emitted by the hand at the point of contact with 
the metal, which sound has the same ge and quality as 
that given out by the contact-breaker of the coil. 

or lowering the speed of vibration of this contact- 
immediately raised or lowered the pitch of the note, and 
from this he was led to construct a keyboard containing an 
octave of keys, each of which, on being depressed, s 

| into vibration a reed, which, while giving out the note 
| corresponding to its key, transmitted to the induction coil 
| at the receiving end an intermittent current of electricity. 
With this transmitting instrament he was enabled to 
cause the finger of his assistant at the other end to repro- 
duce whatever tunes were played on the keyboard. 

The instrument (Fig. 13) which I have before me is, I be- 
lieve, the — apparatus used by Dr. Elisha — (for the 
loan of which I am indebted to Mr. W. H. Preece, C.E., the 
eminent electrician to the Post Office) for reproducing the 
sounds so transmitted. In using this instrument, the thin 
metal chamber is coi h the stand to one ter- 
minal of an induction coil, in circuit with the musical sou 
transmitted at the distant station, and the operator, taking 
hold of a wire connected to the other presses his 
fingers on the metal surface while he turns the handle with 
the other hand. With this simple apparatus, every tune 
played at the transmitting end was reproduced, and it was 

‘ound that the more rapid the rotation the louder was the 
sound, no sound whatever being emitted when the rotation 
was ded. It was at first "= that the sound was 





suspen ‘ 
produced by some physiological effect produced by the 


e upper part of an 
connected to |- 


Raising | tails 


electrical current on the nerves and muscles of the hand, 
but Dr. Tyndall’s experiments pe aman bee pecs 
phenomenon could in no way be with nervous 
asec, for he obtained the same effects from dead animal 
issue, 





Fig. 13. 


Tn connexion with the ae of the present paper,| it is 
a specially interesting fact that] Dr. Gray found that the 
friction nm the and the rotating cap was greater 
when the current was passing than it was when interrupted, 
and, moreover, that the sonorous effects were entirely de- 
stroyed by the presence of moisture between the finger and 
the cap. These effects are the wey reverse of those which 
obtain in Mr. Edison’s electro-chemical telephone, and 
show, I think, very conclusively, that Dr. Gray’s experi- 

ments were in no way connec with electrolysis. Dr. 

Gray explained it as an effect of electro-static attraction or 

repulsion. I am inclined, however, to think that the 

sounds must be attributed to a large number of minute 
electrical discharges taking place between the hand and the 
metal, which would be lon and more audible as the 
contact became more mae ect though more rapid rotation, 
and would cease altogether when, either by stopping the 
rotation or by allowing moisture to be present, that contact 
was rendered more perfect. 

Telephonic Phenomena.—I have not nearly exhausted 
the history of the subject, nor must I attempt to do so; 
but I will upon your patience so far as to refer to 
a few telephonic phenomena, and also to notice the prac- 
tical application of the instrument in the United States. 
On these points, Mr. Prescott’s work* is my authority. 
In August and September, 1877, five telephonic concerts 
were given in New York through some Edison transmitters, 
the music being distributed to several cities. The per- 
formances do not appear to have been remarkable for their 
success. But it is an interesting fact that the whole of 
these concerts were heard on distinct telephone circuits, 
at Providence, Rhode Island, and Albany, in the State of 
New York, neither of which places were in di commu- 
nication with the source of the sound. On investigation it 
was found that this effect was produced by induction, 
through at least three distinct lines, the effect not being di- 
minished at the places where the music was originally 
transmitted. 

Again, Professor E. W. Blake, utilising two lines of rails 
for a pe oe circui | distinctly —y Tightaing —_ 

sing inthe telegraph wires over . Lightning es 
Itself heard in the tlaghenty the sound being described as 
similar to that produced by pouring molten metal into 
water, or the hiss of a distant rocket, and what is curious, 
the sound is always heard before the flash is seen. 
Equally, the electrical disturbances accompanying the 
Aurora Borealis are also heard. Mr. Prescott gives 
another interesting example of the extreme delicacy of this 
instrument. He says that, in June, 1877, Professor Blake 
substituted, for the magnet of the telephone, a bar 
iron, free from ism. When this was held in the line 
of the magnetic ly 
the induction from the earth’s magnetism. At right‘angles 
to the line, it was absol ately silent, the sounds ually 
dying away from the maximum, as the first- position 


™~ pa —_ on . 

ith regard e — ication of the telephone 
in the United States, I again bt some interests - 
—_ Mr. at ag wnt book. Within the nes a, wt 
months a mercantile telephonic exchange com: been 
organised in New York. The system Porm meh 
station, connected by wires to each of the subscribers’ 
offices, who can then communicate with each other by 
giving the signal to the attendant at the office to join up 
the necessary connexions. All the wires of the system are 
brought within a frame placed in the central 
bureau, and are led se tely to different sections of a 
board on which the different combinations may be ar- 
ranged. are arra side by side in two or 
more rows, and within convenient reach of the 
operator. Each section is in connexion with an 
when a call is made from any of the stations, an indicator 
Souutaeing ty’ leper with whan ethan otee tie tn: 
asce uiry with w er stati one 
ipalling iiss to fe coupled up, the two wires are 
switched together, and the line is for conversation. 
Automatic means are provided for informing the attendant 
when a communication is over, and the lines are free to be 
disconnec ted. 


(To be continued.) 





* “The Speaking Telephone, Flectric 
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FOREIGN AND COLONIAL NOTES. 

Compressed Air Motors for Street Cars.—An exhaustive 
report on the use of compressed air motors for street cars, 
has been made to the Pneumatic Tramway Engine Com- 
pany of New York by General Haupt, C.E., who has 
pablished it in full in the Proceedings of the Engineers’ 
Club of Philadelphia. Pneumatic motors are employed 
by this company in a manner ne in some important 
details from that hitherto employed, the economy and 
efficiency thus secured being pronounced by General Haupt 
to be remarkable. The air,is comp ‘by Delamater 
compressors to 350 lb. per square inch, and it is then heated 
by passing it through a tank of water, a method which 
secures great advantages. The compressed air is stored in 
reservoirs under the motor, and before being used, it is 
admitted to a tank of water placed on. the front of the car, 
containing 5 cubic feet of water drawn from a stationary 
boiler under 80 lb. pressure, and r - a temperature of 
$20 deg. The air is not admitted to the motor cylinder at 
350 Ib. pressure, but at a much lower pressure, so that 
after passing the tanks and becoming heated and charged 


with vapour, it enters the cylinder at 250 Ib., requiring | 


but a comparatively small volume of the dry air from the 
reservoirs to do the work. This uniformity of pressure is 
secured by means of a reducing valve placed in the pipe, 
which acts automatically until the pressure is reduced 
below the pressure of admission. When the air has become 
so far exhausted, as to fall below this pressure, the reduc- 
ing valve remains fully open. Even if the water should be 
cooled down 100 deg., and the power of the heated air 
should thus be uced, it would still retain great 
efficiency. 

New Zealand Lighthouses.—At Cape Foulwind there is 
a revolving white light flashing every minute, visible 
19} miles. At Tiri Tiri, Hauraki Gulf, a fixed white light, 
visible 23} miles. At Manukan Heads, a fixed white | 
visible 26} miles. At Sandspit, Firth of Thames, a 
red and white light. At Bean Rocks, Auckland Harbour, 
a fixed red, white, and green light. At Napier Bluff, 
Napier, a fixed white light, visible 18 miles. At 
Pencarrow, Port Nicholson, a fixed white light, visible 30 
miles. At Soames Island, pwr Harbour, a fixed 
red, white, and light, At the Brothers Cooks’ Strait, 
a second order flashing white light, visible 22 miles (in 
place of the Mana Island light). At Farewell Spit, a re- 
volving light, white with red are over spit end, visible 17 
miles. At Nelson, a fixed white light, visible 12} miles. 


At Cape Campbell, a revolving light, white, visible 19 miles. | 


At Port Lyttelton entrance, a fixed white light, visible 29 
miles. At Port Chalmers, a fixed red light, visible 20 
miles. At Nugget Point, a fixed white light, visible 23 





fed | 


| diffuses the hot air, casting it to the top, where it goes out 





miles. At Dog Island, Foyeaux Strait, a, light sozelviog 
—— half minute, ‘visible 18 miles. “At Centre Island, 
southern extremity Foveaux Strait, a first order fixed red 
and white light, visible 22} miles. At Portland Island, 
Hawke’s Bay, a revolving white light, visible 24 miles. 
At Timaru, a fifth order fixed white light, visible 14} miles, 
in the place of ared light. At the entrance of the Mana- 
watu River, a white light, visible 11 miles. 
North Heads, a white light, visible 12 miles. At Port 
Ahwiriri, Napier, a harbour light is exhibited, visible 9 
miles. At Buller River Head, Port of Westport, there 
is a harbour light, visible 10 miles. 


American Mechanical Industry.—The Erie City Iron 
Works, New York, have taken orders for no less than 140 
boilers since the lst of January, including a number for 
Cuba and Brazil. 


Heating and Ventilating Railroad Cars.—The Penn- 
sylvania Railroad Company is experimenting with a new 
system of heating and ventilating railroad cars, invented 
and perfected by its mechanical engineers at Altoona. The 
system used to accomplish the desired end is that of heated 
water passing through pipes. In the gage car of the 
train is located a portable boiler, in which hard coal is used, 
thus avoiding both dust and smoke. Two pipes are on one 
side of the Toiler, above the lowest gauge-cock running 
through the car floor. To one of these pipes is attached a 
$-in. steam hose pipe, passing down to the rear car and going 
round it, and returning back toa pipe on the other side. 
Into this is pum the hot water, passing through and 
back again into the boiler, so that the same stream of water 
is constantly used. Near the door of each car is attached 
an elbow, going up into the car, along the box at the side 
and then under the seats, forming a loop, at the end of 
which isa register, and over it a galvanised wire cover, thus 
preventing the heat from rising directly underneath. 
Beneath each seat are four boxes which catch the cold air, 
and this, passing up into the car over the water-pipes, 


the ventilator, and keeps a constant stream of pure air 
passing through thecar. Incase of separation or breakage, | 
the supply can be checked and anothcr connexion effected. | 
The apparatus banishes dust, and in addition to thoronghly | 
heating and ventilating the cars, gives room for eight more | 
passengers in each car. 

French Steam Navigation.—The French General Trans- | 
atlantic Company has purchased two steamers, the Saint 
Simon and the Olinde-Rodriques for service on the | 
Antilles lines. The company has further ordered two | 
steamers to be built for it by the Forges et Chantiers de la 
Méditerranée. 


At Wanganui | 


| is open, and the line is now progressing towards 


for 


Rolling Stock on the Easternof France Railway.—At 
the close of 1878, the Eastern of France Railway Company 
870 locomotives of various types, 793 tenders, 
2321 passenger carriages, and 21,175 goods trucks. The 
| company proposes to add to this stock 35 locomotives, 
| 3tenders, 70 passenger carriages and vans, and 956 goods 
trucks. Ten locomotives constructed at the company’s 
workshops at Epernay in 1877 and 1878 are now in nm he 
use ; they completely realise the improvements which the 
| company’s engineers were asked to secure, as they drag at a 
high speed heavily-laden passenger trains, while they only 
consume low-priced fuel. 


| Permanent Way on the Paris, Lyons, and Mediterranean 
| Railway.—The expenditure incurred by the Paris, Lyons, 
and Mediterranean Railway Company in the maintenance 
| and renewal of permanent way upon its old network lines 
| amounted last year to 345,862/. The corresponding ex- 
penditure in 1877 was 432,0091. Steel rails were laid last 
| yearupon the old network to the extent of 206} miles of 
| Single line. 
Railways in New South Wales.—The extension of the 
| Great Southern Railway of New South Wales to Wagga- 
| Wagga, at the head of the navigation of the Murrumbidgee, 
| adistance of 174 miles from Goulborn, at an estimated cost 
| of 6500/. per mile—1,131,000/.—is now open, and it is ex- 
| pected that railway communication will be completed to 
| Albury, 82 miles, by December 31, 1880, so as to establish 
| a through line between Melbourne and Sydney. 7. 
for extensions in the west and north are in progress. In 
| the north an extension from Quirindi to Tamworth, 
38 miles, is now completed. It is the present intention of 
the Railway Department of the New South Wales Govern- 
| ment to connect Tamworth and the table land of New 
| England with the northern borders of the colony by a 
| narrow gauge line (3ft. G6in.), which will meet at a future 
| time a line of corresponding gauge on the Queensland side. 
| A western extension from Bathurst to Orange, —_ 
abbs, 
| 85 miles, and is expected to be completed by July 31, 1880. 
A line from Weriss Creek to Gunnedah, 45 miles, is also 
making p' s, and is expected to be completed by con- 
mer dog gh N 
New Zealand Teleg 
184 telegraph stations ani 
Zealand. During the year ending June 
telegrams were despatched he receipts were 73,2601. 
The charges are: Ten words, 1s; each additional word, 
ld.; press telegrams, 6d.; every additional word, 4d. ; 
to any part of the colony. Evening telegrams, 25 words 
; every additional 25 words, 8d. 


raphy.—In July, 1878, there were 
f y F : ae 

7093 es of wire laid in New 

30, 1878, 1,260,477 
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PAN AMALGAMATION OF SILVER ORES 
IN NEVADA AND COLORADO. 
By T. EeesTon, Ph, D. 
yp ser a page 474.) 5 
Fias. 37 to 42 show the arrangement for moving 
the mercury mechanically in the Consolidated Vir- 
ginia Mill; a pump d raises the mercury into a main 








charge. These discharge from the drop box x into 
a tank c, from which the mercury is pumped up 


The table where the amalgam is worked is 
covered with sheet iron. It inclines to one side, 
from which a pipe discharges into the main pipe. 
It is set on an inclined floor also covered with iron, 
which also connects with the main pipe. By this 


Fig.37. 
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acids or put on one side, and treated alone 
eae there 4 sufficient for _ ae During 
all the time the mercury is bei eaned, - 
sialy if it is heated, the weight of the costal 
présses a certain quantity of it through the pores of 
the duck, and this is caught in the tacle below. 
When the single lock tanks are used, as at the 
Brunswick Mill, the excess of mercury runs out by 















arrangement the mercury is never 
touched by hand after it is once dis- 
charged from the flask. It makes its 
round without any possibility of loss, 
except leakage in the joints of the 
pipes, which can always be guarded 
against. In some mills in Colorado 
where there is a considerable quan- 
tity of lead and other impurities in 


























Piarra rie 
é ‘ a? = pty the mercury, the canvas bag is im- 
mersed in hot water, which is kept 
hot with steam, The surface of the 
receiver ¢ connected by iron pipes /, with the pan ; amalgam is cleaned until it is quite bright. The 


receivers g, whose shape is shown in the sketch, 
Fig. 37, from the bottom of which two pipes 4 dis- 
charge the mercury into the pans a. The pans 
discharge into the settlers 6. e. mercury trough 
of the settler connects with the strainers ¢, by pipes 
which rise slightly to counteract the pressure of the 


bag is then , and its contents strained 
a second time in cold water. It is claimed that 
in this way a considerable quantity of impurities, 
more especially lead, are removed from the amalgam, 
and the bullion made much finer, These skim- 
mings are kept separate, and either treated with 





Frausverse Section Urough D and L£ . ' 


a pipe a, Fig. 36, which is 4 ft. long, and ends in the 
mercury collecting tank. 

After the mercury is clean, and when no more 
runs, the bag is first squeezed with the hand, and 
then twisted as tight as possible. When no mercury 
can be extracted from it in this way the bag is 
lifted out on to the table, and the contents emptied. 
The amalgam is then worked by hand, and where 
no mercury can be extracted from it, it is made up 
into balls of convenient size to be retorted, 

All the amalgam from every part of the mill is- 
collected and put on one side, until there is suffi- 
cient toclean, It is then carefully washed- with hot 
water to make the amalgam fluid, and thinned with 
more mercury, about 150 lb. being added for every 
400 Ib, to 500 Ib, of , to free it from iron and 
other impurities, When there is any grease attached 
to it it, is carefully washed with lye, It is then, as 
in some of the mills in Colorado, strained through 
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the canvas bag, or better, as is usual in Nevada, 
cleaned in a Knox pan. In the Brunswick Mill there 
are four of these, each of which is 4 ft, in diameter. 
Here it is stirred at the rate of 20 revolutions a 
minute for twelve hours or less with hot water, 
with large additions of fresh mercury, the propor- 
tion at the Eureka Mill being equal parts of mercury 
and amalgam, and when quite clean is added to the 
mercury in the canvas bags. The hard amalgam 
from the pans carries a little more gold than the 
liquid, but it is not kept separate. At the Bruns- 
wick Mill, in the month of August, 1874, the clean 
up was om lb. of amalgam ready for retort. 

From the Knox pan there is a certain amount of 
sulphurets running off. They are very rich, butare 
not usually caught owes They generally go 
to the tail sluices. At the Brunswick Mill, how- 
ever, as they assay 500 dols. to the ton, they are 
caught separately, and are treated by a process very 
similar to the Patio process, though differing from it 
in several essential particulars. They are mixed with 
saltand sulphate of copper, and dilute sulphuric 
acid. For this purpose 10 per cent, of salt and 
one per cent, of sulphate of copper is added to them, 
and thoroughly incorporated. They are then spread 
out on a flat ie with an impervious floor, and 
sprinkled with dilute sulphuric acid, and i 
mixed, the acid being added until the whole is of 
the consistency of ordinary mortar. This is turned 
over two or three times a day in order to continually 
expose all parts of it to the air for four weeks. A 
ton is then charged in the pan, and the pulp heated 
as hot as the steam will make it, and ground for 
six hours, Five hundred pounds of mercury are 
then added, and the operations continued for four 
hours more, making the whole operation ten hours. 
The charge is then drawn into the settler, which is 
four hours in discharging, the tails going to the tails 
of the mill. 

The retort, Figs. 43 to 45, in which the amalgam 
is treated, is cylindrical, about 12 in. to 14in. inside 
diameter, 4 ft. to 5 ft. long, and lin. thick. It 
weighs from 1200 lb. to 13001b. The front is made 
24 in. longer than the body to receive the door. 
Lugs are cast in the side of this projection to catch 
the clamps which fasten the door G. When the 
door is closed and clamped, it is carefully luted with 
wood ashes, to prevent the escape of the mercury. 
The opposite end is conical in form, contracted to 
about 24 in,, where it connects with the exhaust 

ipe c, which is sometimes screwed into, or, better, 
is attached by a flange. It is sometimes supported 
on round or square bars, but generally on pieces of 
iron, K, cast for the purpose. At the discharge end 
it is supported on the masonry. 

The retort is set in an arched furnace, with a fire- 
grate B underneath. The arch above the retort is 
open at the front, and sometimes discharges the heat 
into the chimney there, and sometimes returns the 
rage Nog Bee arch pe We bask of the furnace as 
in the drawin e discharge pipe passes the 
back wall of furnace into a : D supplied 


with running water. These tanks are at least 2 ft. 
wide, and 90 in, deep, and the length of the retort 
furnaces, if there are a number of them, and if not, 
4 ft. to 6 ft. per furnace, When there are a number 
of retorts, as at the Brunswick and Eureka Mills, 
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where there are four, and at the Consolidated Vir- 
ginia, where there are six, these pipes run from where 
they enter through the water to the opposite end of 
the tank, with an inclination of 6 deg. to 7 deg. The 
centre pipes thus cross each other, and go in oppo- 
site directions, The mercury is condensed in the 
pipes and flows out into a in E, containing a 
small amount of water to prevent the mercury from 
spattering. 

The amalgam, which contains about one part of 
silver to four of mercury in Nevada, and one to five 
in Colorado, is usually charged in iron trays which 
fit the lower part of the retort, but sometimes 
directly upon its bottom. In either case it is neces- 
sary to coat the bottom of the retort, and of the 
trays or pans, with levigated clay or wood ashes or 
whitewash to prevent the adherence of the bullion. 
At the Eureka Mill the retort is charged with 
1500 Ib. to 2000 lb. The fire is then gently 
raised and kept so until the mercury ceases to con- 
dense, Care must be taken to increase the heat 
gradually at first, as too high a heat might fuse the 
surface of the amalgam, and prevent the escape 
of the mercury. At a bright cherry-red heat all 
but 1 to 1} per cent of the mercury will be driven 
off. The last traces of the mercury cannot be re- 
moved except at a white heat, at which temperature 
the iron becomes soft and is likely to become bent 
and distorted, and even though it is frequently 
turned round, it is liable to crack, and then there 
will be a very large loss in mercury, which would 
be a serious item of expense. Besides, at such a 
temperature the surface of the amalgam would be 
likely to melt. It will therefore generally be best 
to submit to the loss of 1 to 1} per cent. of the 
mercury rather than be exposed to the risk of 
having a larger loss. As the retort is exposed on 
its whole length, it will after a time become dis- 
torted, even with the most careful use, so that it 
will generally be best to support it in the middle, 
In some of the mills two to three supports made 
of broken stamp stems are used, but as only one 
point of the bottom rests on them this does not 
prevent the distortion. It is better to have curved 
cast-iron supports, K, made for the purpose. In 
some works these supports for the retorts are built 
into the masonry of the sides, and in others they 
are hung to the roof of the furnace by means of 
wrought-iron straps which are supported on iron 
braces on the outside. In this way the retort is 
simply suspended in the centre of the furnace, and 
can be raised or lowered by nuts on the outside, 





If the retort becomes bulged the sling nearest the 
disturbed place can be raised, when the retort will 
resume its shape, or it can be turned round in the 
sling. In this way it may not only be made to last 
two or three times as long as it would without such 
precautions, which is usually not more than six to 
nine months, but a considerable loss of mercury ma 
be prevented. In mills where they are not careful, 
several hundred pounds of mercury may be sent up 
the chimney through a crack in the retort, before 
it is discovered that the retort is out of order, 
It has been proposed to place condensing chambers 
in the flues of the retort and crucible furnace to 
save the mercury in the retorted amalgam, but in 
most mills nothing would be saved from want of 
care, and it would only be an item of expense, 
though if carefully attended to it would more than 
pay for itself. 

When the quicksilver ceases to pass into the re- 
ceiver E, the retort is gradually cooled, and the 
retorted amalgam is withdrawn. For a charge of 
about 1500 1b. to 2000 lb. the firing generally takes 
eight hours, and consumes half a cord of wood. 
The amount of ‘ retort” obtained is generally from 
one-fourth to one-sixth of the weight of the 
amalgam. At Stewart’s Mill they get 1 lb. of silver 
from 71b. of amalgam, A 60-stamp mill will need 
at least four retort furnaces, and should have six. 

The “retort” is broken up and is melted in cru- 
cibles, and cast in a cast-iron ingot mould, Figs. 46 
and 47, The ingot is called a brick. ‘The moulds of 
the Consolidated Virginia are 4} in. long, ay in. 
wide, and 4} in. thick. Their weight varies from 
80 Ib. to 100 1b., but is generally about 821b. They 
must be assayed before they are sold. To make the 
assay a hole is bored into the top, and one into the 
bottom of the brick. 

Two assay samples are taken from each one of 
these, which are enclosed in a printed wrapper with 
the same indications on the inside and outside of 
the wrapper. The label on the inside has a margin 
to give the size that the paper is to befolded. Both 
3 are exactly alike, except that one has the 

ottom and the other the top sample printed on them. 
BOTTOM SAMPLE. 
From Bars No. 
Worked by Mill. 
Sampled 187 
It is then assayed; the results are recorded on the 
blanks Nos. 1 and 2, and sent to the head office, a 














record being previously entered on the books of the 
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assay Office. The Consolidated Virginia uses blank 
No. 3. The samples are kept for a year, and if 
after that there is no dispute about the bars, the 
silver of the sample is melted. The plan of the 
assay office of the Consolidated Virginia Mill is 
shown in Fig. 48 on page 491. 

The name of the mill and its value in gold and 
silver are stamped on the bar. It then goes to the 
market and passes current. Fig. 49 shows one of 





the Consolidated Virginia bricks. In smelting, the 
loss per weight is generally 2 or 3 per cent., as it 
is impossible to get out all the mercury except at a 
very high heat, which it is not safe to do in retorting. 
The value of the metal depends upon its fineness. 
As a general thing in Nevada, it will be from 
1.75 dols, to 2.00 dols. per ounce, from two-thirds to’ 
one-third of the value being gold, and from one- 
third to two-thirds silver. . 

At the Eureka Mill the loss of mercury is about 
1lb. to every 10lb. of amalgam. The retorting is 
done every other day. The crude bullion or the 
retort metal produced in August, 1874, amounted 
to 8322 lb.; the melted metal was 985 fine. The 
value of the bullion was 406,337.12 dols. A single 
deposit from a clean up made in the same month 
was 92,917.26 dols., of which 63,914.67 dols. was 
gold, 29,004.25 dols. was silver. ‘Chis was from six 
days’ work in the mill. The slimes collected in the 
vats assayed two-thirds of the value of the ore. 
There is less gold in the slimes than in the ore, 
The mill works up 75 per cent. of the yield of the 
ore. When it works under 65 per cent. a charge is 
made to the mill, and deducted from the wages of 
the men, as it denotes carelessness or dishonesty on 
their part. In August, 1874, 5900 tons were treated 
up to 84 per cent. 

At the Brunswick Mill the bullion is 994 fine ; at 
the Consolidated Virginia, 937; at Stewart’s Mill, 
where the ore contains much base metal, the silver 
is 750 to 850, the base metals being copper and 
lead ; at the Nederland Mill it is only 700 fine, the 
impurities being also lead and copper. 

The Table below gives the production of the Con- 
solidated Virginia for three months of 1875 : 

















Number 
1875. of Tons Value. Yield. | Profit. 
Stamped. 
dols. dols. dols. 
March bas sy 1,707,540 
April... 6565 igs 670,000 | 31,000 
ay ... 6782 12,490 720,000 | 36,000 








The clean up for the month of August, 1877, was 
1,445,780.31 dols. The clean up of the California 
Mine was 1,403,296.45 dols., or for both mines 
2,849,076.76 dols. 

(To be continued.) 
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Coal Mines Inspection: its History and Results. By BR. 
ty pe? Ww. H. Allen 





NEutson Boyp, F.B.G.S., F.G.S. 

and Co., 13, Waterloo-place. [Price 14s. ] 
THE commercial depression experienced by this 
country during the last few years, whilst paralysing 
enterprise and seriously affecting all branches of engi- 
neering, has not been without certain com ting 
features, It has given those, whose time is usually 
so fully occupied in active work, the leisure and 
opportunity of committing their knowledge and 
special experiences to writing, whereby our libraries 
have been enriched with many valuable books, 


which under ordinary circumstances would never 
have been produced. We have had too much from 








the mere professional book compiler, often im- 
perfectly acquainted with the subject he is treating, 
not to welcome such a work as that before us, 
written by a gentleman whose training and practial 
connexion for many years with mining operations, 
has peculiarly fitted him for the task he has accom- 
plished with marked success. The time also for the 
issue of a history of legislation in reference to coal 
mines, showing clearly what has been done to pre- 
vent the annual sacrifice of human life, and suggest 
ing what might further be done, could not have been 
more happily chosen when public attention is 
drawn to the subject by recent deplorable catas- 
trophes, and when the Government has appoihted 
a Royal Commission to inquire into the working, 
lighting, and ventilating of mines, and amongst 
other things to consider how far ‘the resources of 
science furnish any practical expedients that are not 
now in use, and are calculated to prevent the 
occurrence of accidents or limit their disastrous con- 
sequences.” 

As an introduction to the subject of the book, we 
have first a sketch-history of coal mining in Eng- 
land from a period so remote as the thirteenth 
century, its gradual development being traced, and 
our attention specially drawn to the state of the 
colliery population during a time when any legisla- 
tion that took place, had no other object than the 
punishment of the collier for his misdeeds. The 
condition of those labouring in mines previous to 
the year 1842, when the first Act for its amelioration 
was passed, was wretched and degraded in the 
extreme, and without quoting the evidence to that 
effect adduced by Mr. Boyd, we call to mind the 
vivid expression of the eminent American, Emerson, 
in a pithy httle book written after a visit to 
England in 1847, where he notes the marvellous 
extremes of our society by contrasting ‘‘ bishops of 
Durham and naked heathen colliérs.” 

The Act of 1842, with which the name of Lord 
Ashley (now Lord Shaftesbury) is inseparably con- 
nected, prohibited the employment of women and 
girls in the underground working of mines, re- 
stricted that of boys, and is the first of a series for 
raising the moral status of the collier, and for his 
protection against injury and death. The history 
of Government inspection commences with this 
Act, for by it inspectors were appointed to see 
that its provisions were carried out, but the method 
of working the mine was not interfered with, as 
any such control was then considered, even by 
Lord Ashley, to be impossible. The principle 
of inspection had, however, been introduced, and 
the proprietors of coal mines were _— 
taught to submit to a system which at first they 
had considered mischievous interference with their 
rights of property, and its expansion was more 
rapid than been anticipated, as subterranean in- 
spection, which in 1842 was deemed wet sg 
eight years later became established by Parliament. 
The Act of 1850 introduced Government inspec- 
tion of the workings of collieries, and although 
tentative in its nature and limited to a period, it 
was renewed and confirmed by those of 1855 and 
1860. By this latter measure the claims of educa- 
tion were first recognised, and the young miner 
prevented from commencing his career until the 
schoolmaster’s certificate had been obtained. 
Between 1862 and 1872 the education ——_ had 
rapid growth, extending from the boys to the 
managers, which latter are by the Act of 1872 com- 
pelled to pass an examination of competency. 

The thirty-six years, terminating in 1878, during 
which legislation had for its object the improvement 
of the condition of those employed in mines, and the 

revention of disaster, of such frequent recurrence 

uring the interval, has been diligently and pa- 
tiently followed by Mr. Boyd; the history of each 
Act, and an explanation of the circumstance which 
led to it, being cteaae pees Throughout the nar- 
rative we cannot but be impressed with the sterling 
good qualities exhibited by the miners, who them- 
selyes in no small degree originated the reforms 
which have been effected; we are indeed surprised 
that a class, the condition of which, prior to 1842, 
had, by neglect been suffered to fall as low, should 
have exhibited such soundness of judgment and such 
fairness in their demands. Those ds have, 
with few exceptions, been characterised by modera- 
tion, and their justice has from time to time 
been admitted by the attention they have received 
in the Acts of Parliament which have been 
Worthy tribute to their character was paid by Lord 
Shaftesbury, in 1872, when he spoke of miners 
being ‘with all their faults amongst the most 


nerous, honest, and high-minded of our — 

f the heroism of which they are capable, we have 
proof in every disaster which befalls them ; the in. 
stance which occurred in 1877 at the Troedyrhiew 
Colliery in the Rhondda Valley, South Wales, so 
fittingly referred to by Mr. Boyd. viz., the rescue of 
the party imprisoned for ten days by the inunda- 
tion of the mine, is nothing less than theme for an 
epic. 

It is inevitable that mining must always be at- 
tended with danger to the lives of those employed 
in it, and that disaster cannot be totally averted ; 
but in the work before us, and in the statistics it 
affords, we find ample reasons for believing that 
much has been done to diminish the risk of acci- 
dent, that more can and will be done in this direc- 
tion we are also confident. The chief cause of the 
annual sacrifice of life is not, as might be sup- 
posed, the gas explosions so frequently recorded in 
our newspapers, but the fall in the mine of masses 
insufficiently supported, and other casualties, which 
certainly greater care, more vigilance of inspection, 
and stricter enforcement of rules can do much 
to obviate. To quote but one figure, we are shown 
that during the five years ending 1875, the loss of 
life by explosions did not exceed 17.80 per cent. of 
the total deaths by accident. 

We must conclude our brief notice of the work 
before us by recommending it to the perusal of the 
many who are interested in one of the chief of our 
national industries, and to those also whose philan- 
thropy has been enlisted in the protection and 
amelioration of a most useful and meritorious sec- 
tion of the working community, whilst the general 
reader, who might be disposed from the title of the 
ag to pass it by, will find much in it to interest 

im. 
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RAILWAY ROLLING STOCK AT THE 
PARIS EXHIBITION.—No. X. 

Berore describing the goods wagons exhibited by 
the Western Railway Com , or the vehicles 
constructed on the bony ma 8 plans, but exhibited 
by private firms, it may esirable that we should 
say something respecting the system of testing tyres, 
which the company have forsome time adopted with 
great success. The origin and results of this system 








of testing have been very fully described in an in- 
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teresting memoire contributed to the Société des 
Ingénieurs Civils by Mr. G. Whaley, and to this 
memoire we are indebted for many of the facts we 
are about to lay before our readers. 

Early in 1875 the failure of a Bessemer steel tyre 
under a luggage van near the Saint-Victor Station 
led the engineer-in-chief of the Western Railway to 
order a series of trials to determine the quality of 
other tyres of the same make, the broken tyre 
showing no fault, but it being evident from the 
suddenness of its fracture that the steel of which it 
was composed was of unsuitable quality. Under 
these circumstances a number of tyres of the same 
make were taken off, divided into segments, and 
tilattened or broken under the steam hammer, the 
result being that many tyres of bad quality were 
discovered, This being the case, it was determined 
to carry the investigation further, but before re- 
moving more tyres from their wheels the idea 
suggested itself of testing some of them in place by 
blows from a sledge hammer. The mode of testing 
them thus suggested was carried out, and contrary to 
the general expectation, it was found that several 
tyres gave way under this treatment, those which 
failed all showing either improper material or defects 
of manufacture. 

‘The conclusion drawn from these experiments 
was that the ordinary system of testing one tyre in 
every lot of fifty by a falling weight* failed to afford 
a guarantee of the quality of the remaining forty- 
nine, and ultimately in August, 1875, after further 
trials, it was determined that all carriage and wagon 
tyres should be tested by the blows of a sledge 
hammer after being placed on the wheels and 
pierced by the holes for the rivets. Later on, the 
same system was adopted for testing engine tyres, 
and stil! later Gn September, 1876) it was extended 
to the tyres for tenders. In January, 1876, the 
company decided upon the introduction into their 
specifications for tyres the following clauses, inde- 
pendent of those relating to the trial of the tyres by 
a falling weight: 

_ The wheels when finished will be placed upon a 

line having a solid foundation in such a position 
that a rivet is situated at the top of the vertical 
diameter. 
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Engines. Tenders. Carriages and Wagons. 
Se 
Number of | a Number of | Number of ot iyres. 
Names of Workshops where Tyres. ES Tyres | gS Tyres. zs 
Tyres were Tested. a, ae " a, 
38 rs 38 
: a |Bas : i bas : 8 aed d 
21288 a | 4 cdi a) 4 ad a | 3 
a a in") «2 Fa zi | «a a jee) « a 
Sotteville 3936 1 0.25 2980 0 | 0 18,888 | 140 7.4 25,804 | 141 
Batignolles 1128 2 1.77 876 2 2.28 | 14,188 84 5.92 | 16,192 88 
Rennes ... 1126 | 0 |0 90 | 0 | 0 6,551 | 20 | 31 | 8,617 | 20 
Totals... 6190 3 0.48 4796 2 | 0.42 | 39,627 | 244 | 6.16 | 50,613 | 249. 


























‘¢ In this position each tyre will have to withstand 
on its upper part four blows delivered by a work- 
man striking with his full force with a hammer 
weighing 8 kilogrammes (17.6 Ib.). 

“The same test will be repeated at three other 
points of each tyre at a point where a rivet occurs. 

‘‘ All tyres will have to withstand this test with- 
out showing a crack or indication of rupture,” 

A more extended experience with this mode of 
testing fully confirmed the results first obtained, 
and between August 28, 1875, and December 31, 
1877, 50,613 tyres were thus tested, 249 of these 
tyres breaking under the proof, and the broken 
tyres in all cases showing defects in quality of ma- 
terial or manufacture which if not discovered 
might have been expected to lead to failure in use, 
Moreover, but a very small number of failures oc- 
curred amongst the tyres which passed this test, and 
Mr. Whaley considers that by this system of ee 
fully 95 per cent. of probable failures were avoided. 

aving ascertained that the system of testing of 
which we have been speaking oe in principle, 
the engineers of the Western Railway next pro- 
ceeded to determine more accurately the severity of 
the test whichit was desirable to apply. It was con- 
sidered, in the first place, that the intensity of the 
blows delivered upon the tyre under test should at 
least equal the most severe shock to which the = 
would be exposed subsequently when in use; but 


to determine the intensity of this latter shock was a 
roblem too difficult to deal with experimentally. 
course was therefore had to an examination of the 








results of the testings in preventing subsequent 
rupture, and at the end of 1877 the data so far ob- 
tained were tabulated, these results being given in 
the annexed Table I. As will be seen from this Table 
the number of failures under proof of tyres tested on 
this system amounted in the case of locomotives to 
0.048 per cent., in that of tenders to 0.042 per cent., 
and in that of carriages and wagons to 0.616 per 
cent., the greater proportion of failures in the case 
of the carriage pa wagon tyres being explicable by 
the fact that these tyres, although subjected to the 
same test, were of a weaker section than those for 
engines and tenders, and were also completely 
pierced by the holes for the rivets, while the engine 
tyres had shallow holes for screws only. As the tyres 
broken all showed defects, the conclusion arrived at 
was that the test applied was certainly not too severe, 
and experiments were therefore eodertahen to de- 
termine, if possible, if it were sufficiently exacting. 
As we have stated, the weight of hammer first de- 
cided upon was 8 kilogrammes, and to obtain further 
information a series of trials was carried out at one of 
the company’s works with hammers weighing 7, 8, 
10, and 11 kilogrammes respectively. The results of 
these trials are given in the following Table No. IT., 
and from them it will be seen that the hammers 
weighing 7, 8, and 10 kilogrammes produced effects 
varying but slightly—the percentage of fractures 

roduced by the 10 kilogramme hammer being in 
act smaller than that produced by hammers of 
lighter weight, but with the 1] kilogramme hammer 
the percentage of failures rose in a remarkable de- 
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TaBue No. II. TABLE No. IV. 
Number of Tyres. Number of : * ‘ 
Weight of nl __| tyres Broken | *isht of Falling | Height of Fall. Striking Velocity. Work Expended. Pangatinn of 
ammer. ° 
per 1000 
| Tested. Broken. Tested. _ — 
a | Kilo- Metres per | Feet per |Kilogramme-| Foot- Milli- 
ee a, mn | . _ grammes. Pounds. | Metres. Feet. —- Senecdl metres. Pounds metres. | Inches. 
8 = 17.6 20,568 106 5.15 | 
. ; 7 15.2 5.60 18.37 10.48 34.38 39.20 279.2 33.00 | 1.299 
Sams | ee o aw 8 17.6 5.60 18.37 10.48 34.38 44.80 | 3933 | 35.75 | 1.407 
tines ut 10 22.0 4.65 15.26 9.55 31.33 46.30 335.7 36.00 | 1.417 
ll 24.2 = oe = ot 44 341.5 36.25 1.427 
gree. Further investigations, however, showed that 15 33 . : = : : 373.6 | 38.00 1.496 
this latter result was in all probability simply due to 18 89.6 3.0 u1.18 om nde amd -_s = 1.505 
the fact that this 11 kilogramme hammer was by a 
coincidence employed to test the make of tyres whose TaBiE No. V. 
doubtful quality bad originally led to the introduc- 
han of this mode A oon ~ tyres aps a § Number of Tyres broken with undermentioned Number of Blows of Hammer. gs |s 
gher proportion of failures, e sane reason also = Bal 
explains the apparently greater effect of the 7 kilo-} 5 |—— aS gE 
ramme hammer as compared with the 8 and 10 A \ i ‘ : . ‘ . . P . . . (sess 
Etepenes hammers. os e E : E E E E z E Zz z EFIE\|EIEIEIs ale S 
To determine more accurately the intensityof the} £3 | 2 | 2 | z saigingnt#a# la lalsginlaigialia | 23 gE 
shock imposed by hammers of different weights a gs ae ~ 2 ~ a © os © e oe tale la te lele wee 
further series of experiments were undertaken in| * _ peers SA KOE eS ees isis se 
which hammers weighing 7, 8, 10, 11, 15, and 18] 4 5 5 3 9 2 5 3 1 2 2 1/8 8; 2] 3] 4] 53] 7.0 
kilogrammes were used to drive a steel punch into| 2 6 4 1 8 5 4 2 2 5 3 216 2}; 2/ 1] 2] 55] 68 
a block of lead, having a section of 2} in. by 2fin.| 3 wo | a o~ | 2 ve | oe | 1 1 we | ae Powe Poe | Dp ie | 2] | 6) 68 
placed upon a solid anvil. The punch used was 4 oe eve i’ 1 ; " ee . - ; 1 jl | 7 : 7 
364 millimetres ae in.) in diameter, and bad a ; oe iv F a it ai 2 MR OE Bei | yg we feet He 
poiot tapered for a length of 110 millimetres] 7 wae eB a te le ot we | ow Leh ‘ns 1| 2.0 
(4.33 in.), and 1 millimetre (0 04in.) in diameter at] 8 jon ae se et oie a or eS 1 ow | 1] 3/13.6 
the end. The punch was struck by a workman with = —— — ag: eg apy | ay ge 
his fuil force with the several hammers, and the | Total il ll 5 21 |. 9 9 6 4 |) 8 8 4 12 | 71 4! 6 f 182 | 7.5 
penetration obtained with each blow was measured a 28 32 = 24 
and tabulated. The average results are given in 
Table ILI. annexed, these results being the means 
obtained from delivering twenty blows with each TaBLE No. VI. 
hammer. We may mentioned that these twenty 
“a = ——— oe fH years Be Mean Thicknesses of Tyres a Behe saler the undermentioned Number of | 
, 10, . ows 0 mmer. 
amongst themselves. In the case of the light Number of 
hammer weighing 7 kilogrammes, and the heavier] Reference Namber Tyres 
hammers of 15 and ]8 kilogrammes, the regularity of Lots. ehelatal al ale etetet clhenal dia ag per 
was not quite so marked. Fisisisisis SISSIES SIELEISIE/& 
Taste No. III. S/RIRiRIR RAR A AR Al Rl Rl Al AR 
—_—_— mafaje|i/e2 el/rl@mal/ealocinqiajljsisz/s2ie 
Weight of Hammer. Penetration of Punch. oe “wl 42] 42 “4341 44 47 (139 |46.5| 43 | 45 | 42 | 45 47 41 “2 53 
' 2 38 | 45 | 38 | 40 | 44 | 44 | 45.5/39.5/42 | 42 | 34 40 a 38.5|44 | 40 ° 
kilogrammes. | 2, millimetres. | in. 4 | aa | 94 | 48 eA di | 46 | 96 ... | ... |98.5) .. z 
8 | 17.6 35.72 1.406 6 oe hwe.t al . {31 | 397... | 47 mt po Nw 4 
10 | 22.0 36.10 1.421 7 | we | 40 be ak <n ae ge > tate 1 
il | 24.2 36.30 1.429 8 wh) Bae pene Be - | 83] 41 .. | 86 3 
15 33.0 37.94 1.494 aad anal cad Binal Mina Reel Maal Steel Vaseline Bia evel Boe} Bord! Bent Broad 
18 39.6 40.50 1.595 Mean thick- { mm. | 41 | 39 | 40 | 41 | 43 44 | 47 | 40 | 42 | 42 | 41 | 40 | 42 | 43 | 40 | 40 132 
ness 0! | 
The wont step was to obtain for the various broken tyres i inches | 1.61 1.54! 1.57 '16.1'1.69 1.73) 1.85' 1.57'1.66 11.66 1.61 ' 1.57/1.66 '1.69 |1.57 1.57 
degrees of penetration above recorded some Mean thickness 41.7 millimetres= 1.642 in. 


measure of dynamical value, and for this purpose 
another series of experiments was carried out, in 
which the punch above mentioned was driven into 
similar blocks of lead by means of weights of 7, 8, 
10, 11, 15, and 18 kilogrammes falling through 
heights sutlicient to cause approximately the same 
penetration of the punch as had been caused by the 
hawmers. The number of foot-pounds of work 
expended in causing these penetrations of the punch 
could thus be readily ascertained. The results of 
these trials are given in Table IV., from which it 
will be seen that the penetrations effected by the 
blows of the hammers were very closely approximated 
to in each instance. The results recorded in 
Table LV. are the means of twelve trials in each 
case, 

Apart from their direct bearing on the testing 
of tyres, the results recorded in Table IV. are of 
interest, as showing (in connexion with those in 
Table IIL.) the force of blow which can be struck 
by a man operating with hammers of different 
weights. A noticeable feature in the results re- 
corded is the comparatively small variation on the 
effect produced by, increasing the weight of the 
hammer from 8 to ]] kilogrammes, and this result, 
together with the fact that a nammer weighing 
§ kilogrammes had been used in their earlier experi- 
ments, led the authorities of the Western Railway 
Company to decide upon that weight of hammer as 
the one to be generally employed. With reference 
to this point, however, Mr. Whaley remarks that as 
this weight of hammer was specially fixed upon as 
suitable for testing carriage and wagon tyres 130 
millimetres (5.12 in.) wide, it might possibly be 
better to employ a heavier hammer to test the wider 











engine tyres, the force of blow imparted being in 
fact made proportionate to the width of tyre. 

In the earlier trials the number of blows fixed 
upon as to be dealt upon each tyre was 16, but early 
last year the company determined to examine into 
this point further by the light of the experience 
which they had gained in this system of testing up 
to the end of 1877. With this object in view the 
effects of different numbers of blows were tabulated 
as shown in Table V., while the thicknesses of the tyres 
which broke were also classified as shown in Table VI. 
The results recorded in these Tables are of much 
interest. Thus from Table V. it will be seen that 


Am or 37 per cent. of the total number of ruptures 
were caused by the first four blows; 21 per cent. by 
blows 5 to8; 24per cent. by blows 9 to 12, and 18 
per cent. by the final four blows. It would appear 
from these results that even sixteen blows can 
scarcely be regarded as having weeded out all defec- 
tive tyres, and it seems probable that additional frac- 
tures would have attended an increase in the number 
of blows. This view is also taken by Mr. Whaley, 
who thinks that it may be desirable to increase the 
number of blows hereafter. That such an increase 
could be made without risk of damaging tyres 
originally sound has been proved by experiment on 
tyres which were about to be taken off, such tyres 
having been subjected to 100 blows from an 8 kilo- 
gramme hammer without producing the slightest 
signs of damage, and without producing any loose- 
ness of the tyres on the wheels. 

As regards the influence of the thickness of the 





tyres, the results recorded in Table VI. show that 
even when of full thickness the tyres break under 
the test if they are of bad quality, while the thin 
tyres on the whole appear to stand exceptionally 
well. This may readily be explained by the fact 
that if a tyre has worn down to two-thirds its 
original thickness, it may fairly be assumed to have 
established its character for good quality, so that 
its resistance of the test is only to be expected, 
Taking this into account, the Western Railway 
Company have decided that itis unnecessary to test 
in the manner we are describing any tyres which 
have been reduced to under 30 millimetres (1.18 in.) 
in thickness. 

As early as the beginning of 1877 the engineers of 
the Western Railway, having satisfied themselves of 
the value of the mode of testing of which we have 
been treating deemed it desirable to replace the 
application of the blows by manual labour by the 
more regular action of a machine. Under these 
circumstances a machine was designed in accordance 
with the directions of the engineer-in-chief of rolling 
stock, and it was set to work in April, 1877, 
since which date it has been used with very 
satisfactory results. This first testing machine 
operated upon but one tyre at a time, but to 
carry out the work more roy more complete 
machine was designed capable of dealing with a 
pair of tyres simultaneously, and of this machine, 
which was exhibited by the Western Railway Com- 
pany at Paris last year, we this week give engravings 
on pages 494 and 495. 

Referring to our engravings it wil! be seen that 
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the apparatus consists of a pair of standards mounted 
on a suitable bedplate, and carrying on suitable 
bearings a shaft provided with two very flexible 
arms or handles of tempered steel, these arms, 
which are 1.3 metres (4 ft. 3.2 in.) long, each carry- 
ing a hammer at itsfree end. The shaft on which 
the hammer arms are fixed is also provided at 
one end (that near the bottom of Fig. 2) with 
a third arm which engages with a friction roller 
carried by an arm on a shaft driven by a belt and 
gearing, as shown, the effect of the arrangement 
being that as the last-mentioned shaft revolves, the 
arm on it carries the hammer-arm shaft partly 
round until (from the fact of two shafts not 
being in Jine) the friction wheel becomes dis- 
engaged from the arm on the hammer-arin shaft, 
leaving the latter free to recoil. This recoil is in- 
sured by the action of a cam fixed on the hammer-arm 
shaft, as shown, this cam having a shape which will 
be seen from Fig. 1. On thé hammer-arm shaft being 
rotated in the direction which raises the hammers 
the cam bears upon a friction wheel at the top of a 
plunger which transmits the pressure of the cam to 
a pair of powerful springs, arranged as shown in 
Figs. 1 and 3, these springs giving an energetic 
recoil to the hammer-arm shaft as soon as it is 
released by the driving gear. 

The wheels of which the tyres are to be operated 
upon are run up the inclined frame shown on the 
right of Fig. 1, and received on a suitable bearing 
carried by the lever shown, this bearing catching 
the axle at its centre; by means of the handwheel 
and screw shown on the left of Figs. 1 and 2, the end 
of the lever carrying the wheels is then lowered until 
the wheels are carried by their axle journals resting 
on the bearirgs carried by a pair of standards con- 
veniently placed. When thus supported the wheels 
are ready for testing, and the machine is set in 
motion, and the requisite number of blows de- 
livered on the tyres, the wheels being turned round 
as required. As soon as the tyres have been thus 
tested, the wheels can by means of the lever already 
mentioned be readily discharged, and by the aid of 
the machine a couple of workmen can test from 10 
to 12 pairs of tyres per hour. 

The results obtained on the Western Railway with 
the system of testing we have been describing, have 
altogether been most satisfactory, and the system 
appears well worthy of the attention of other rail- 
way companies. 


SHIPBUILDING ON THE TEES, 
SHIPBUILDING on the Tees has become one of the chief 
industries only since the inauguration of iron shipbuild- 
ing. It is true that there were wooden vessels of note 
built early at Stockton, where the Headlams, the Haws, 
and the Mellanbys carried on the craft for a century; 
but the tonnage launched was on an average so limited 
in comparison with that from the Tyne or the Wear, that 
the Tees took secondary rank amongst the shipbuilding 
ports of the North. In 1852 the first iron shipbuilding 
yard was commenced on the Tees, the style of the firm 
being the ‘‘ South Stockton Iron Shipbuilding Company.” 
The company launched early in 1854 their first vessel— 
the Advance—but soon after that launch, the yard passed 
into the hands of the firm who still carry it on, Richard- 
son, Duck, and Co. From that date for two dozen years 
prosperity seems to have smiled upon the South Stockton 
yard, and its contributions to the deep have been varied 
and increasingly important. In its early years, the 
number of vessels launched did not average more than 
five or six, and these often uf small tonnage ; but up to 
the year 1865 the average tonnage launched yearly had 
been 5000 tons; between that and 1871 it rose rapidly, 
doubled indeed, and in the prosperous year of 1872 the 
tonnage launched was 11,943; and though trade dis- 
turbances and high prices brought down that high 
average, yet in 1876 it was exceeded, the tonnage of the 
ten vessels and four barges then launched being 13,108. 
Of over two hundred vessels that have been launched 
from the yard it will be within the mark to suppose that 
the tonnage exceeds 180,000. One of its special features 
has been the amount of work of an uncommon character 
which has teen done: early in 1858 a paddle steamer 
built of steel plates was built, of some 106 tons; many 
barges and yachts are included in the list, with line 
vessels for some of the chief carrying companies. The 
largest vessel is one of about 8300 tons burden and of 
220 horse power. 

Following quickly in the track of Richardson, Duck, 
and Co., in 1853, the North Shore Shipyard was com- 
menced by Messrs. M. Pearse and Oo., the first vessel being 
launched in August, 1854, in the shape of a sailing shi 
350 tons register. In 1855, .three vessels were launched, 
and for some time the tonnege and the number of the 
vessels built exhibited a continuous increase. In 1854, the 
aggregate tonnage of the vessels built was 1886 tons; in 
1860, it was 6644 tons; in 1871, it rose to 7851 tons; 
and to 11,948 tons in 1872. There wasa falling off after 














this high average; but a total tonnage of 120,000 has 
been already more than attained in vessels ranging from 
a barge of 118 tons to magnificent liners for the fleets of 
powerful ocean companies. In 1861, a paddle-steamer was 
built of steel, the plates being made of Weardale puddled 
steel, that material being chosen to attain a light 
draught, the vessel being for use as a troopship on “one 
of the Indian rivers. Much later in its commencement, 
Middlesbrough is avery considerable contributor to the 
production of Tees-built iron vessels, The chief of the 
firms there located is that of Messrs. R. Dixon and Co., 
and the extent of its work may be taken from the fact 
that in a recentyear, twelve vessels with a registered ton- 
a of 13,422 were launched, the screw corvette Tour- 
maline being included in the list. Last year, the firm built 
a steel vessel, the ‘“‘G.M.B.,” which is now satisfactorily 
working in local trades, and the experience of which 
will, in all probability, materially influence that change 
from iron t> steel in the material for the construction of 
vessels which has beenfor some time in progress. There 
are other shipbuilding works on the Tees—important, but 
subsidiary to those named. The threeindicated give the 
bulk of the tonnage built on the river, and from the fact 
that their united vessels have given in one year a total of 
over 36,000 tons it will be seen that the Tees takes high 
rank amongst the shipbuilding rivers of the north. In 
no small degree this is due to the enterprise of its builders, 
but it is, of course, contributed to by the position and the 
facilities the river now enjoys. The shallow and tor- 
tuous stream of old is deepened and straightened, its 
trade has expanded, and as fresh facilities are being 
given to it, will continue to expand. It has behind it 
one of our great reservoirs of iron, and its works for the 
manufacture of this are efficient, so that it has the ad- 
vantage of being at least on equality with any shipbuilding 
district in the kingdom, whilst it surpasses many, It is 
doubtless true that in the current year there will be 
a falling off in the tonnage built, but this is traceable to 
the fact that of late the number of vessels constructed has 
been above that which is necessary to meet the advance 
in trade. When we have again a growth in trade, there 
will arise a fresh demand for steam shipping, but mean- 
time the decrease in construction generally is only kept 
in check by the very low rates at which tonnage can be 
built. 


THE PERKINS SYSTEM OF ENGINES. 
To THE EDITOR OF ENGINEERING. 

S1r,—My object in writing to you on the subject of the 
trial of the steam yacht Wanderer was to elicit informa- 
tion respecting the economical efficiency of Mr. Perkins’s 
system of engines, and at the same time to call the atten- 
tion of your readers to the fallacy of putting forward as 
the sole proof of economy—as appeared in the paragraph in 
the Field on the trial of the steam yacht Wanderer—the 
weight of coal consumed per indicated horse power per 
hour, without at the same time taking into consideration 
the amount of work done per indicated horse power or per 
pound of coal to test the effective power of the engines. 

For if 800 indicated horse power are required with one 
type of engines to produce *the same amount of useful effect 
as 500 indicated horse power with another type of engines, 
the efficiency of the former is evidently of a very low 
order. 

As in your last issue, Mr. Spencer states that the data 
on which I founded my criticisms on the results obtained at 
the trial of the steam yacht Wanderer are inaccurate, I in 
common no doubt with very many of your readers, will feel 
greatly obliged to him if he will give, when next he addresses 
you on the subject of the Perkins system, as he has pro- 
mised to do, the following particulars of the steam yacht 
Wanderer, viz., length, beam, mean draught on trial, area 
of midship section, also displucement at that draught, 
speed per Bes indicated horse power, consumption of coal 
per hour, and description of coal used. 

I presume from the letter of Mr. Spencer to you that he 
is in a position to give the above data I ask for, and should 
he kindly do so, it will afford your rs an opportunity 
of testing the results for themselves, and consequently 
enable them to appreciate more fully than is possible at 
present without such data, the economical advantages of 
Mr. Perkins’s system of engines. 

With reference to the letter of ‘‘R. J. W.” on the same 
subject, I wish to remark that it requires the very smallest 
possible degree of boldness, for any one conversant with 
marine engineering, to assert whether it should require 
800 indicated horse power or 500 indicated horse power to 
propel a given vessel at a given speed, with an engine of a 
known type. i 

For myself I am free to admit that at present Mr. Per- 
kins’s engines are of an unknown type as re; efficiency, 
and I am therefore desirous of ascertaining their merits or 
demerits ; but this I do know, that the most economical 
engine is not necessarily the one that shows the highest 
amount of indicated horse power, and the lowest consump- 
tion per indicated horse power, but the one that performs 
the greatest amount of useful work on the smallest con- 
sumption of coal. . 

e latter test is the only correct one, in my opinion, for 
deciding on the economical efficiency of engines of w! 
type. Thanking you for the insertion of my previous letter, 
T remain, Sir, &c., 
Wm. Bury. 
5, New London-street, E.C., June 10, 1879. 


AMERICAN RIFLES FOR TURKEY—The Providence Tool 
Company, Providence, Rhode Island, has recommenced 
manufacturing rifles for the Turkish Government, having 
contracts which will keep them busy for three months. 











A MUSEUM OF APPLIED SCIENCES AND 
TECHNICAL EDUCATION. 
To THE EpIToR oF ENGINEERING. 

Srr,—Dr. Siemens’ munificent offer announced at the 
last meeting of the Iron and Steel Institute, suggests many 
ideas to those interested in maintaining this country’s 
supremacy in all matters appertaining to engineering. I 
therefore venture to ask you to insert this letter in your 
journal with a hope that its contents may not only receive 
your valued co-operation and advocacy, but perhaps elicit 
opinions and suggestions from abler pens than mine. 

It has occ to me that the proposed museum or hall 
of science should embrace something more than a collec- 
tion of lecture rooms, libraries, and offices for the con- 
venience of the members of the various technical societies, 
holding their meetings in London. 

_ Seeing that before becoming ‘‘ members’’ of these institu- 
tions the candidates have to be educated, I think tht any 
scheme having for its object the better accommodation of 
the members of our scientific societies should also embrace 
an educational college for those proposing to me either 
civil, mechanical, mining, or telegraphic engineers. I think 
that this stage in their edacation should precede the usnal 
term of pupilage in the works and offices of practising en- 
gineers—the general management to be vested in the 
various councils of the contributory societies. At present 
it would possibly not be feasible to make such a course ne- 
cessary to qualify a candidate for membership, but I am not 
without hope that this would in time b the practice. 
During the time pupils are in the offices or works of prac- 
tising engineers, they could avail themselves of the museum, 
the library, or laboratory, and the papers and lectures given 
from time to time, the same as is now done by the class of 
students in the Institution of Civil and graduates in the In- 
stitution of Mechanical Engineers. The objection that this 
would only apply to pupils resident in London could 
easily be overcome by affiliating the many excellent 
local institutions to this one, and by a system of loan 
collections and publication of p ings and lectures. 
As there seems some intention on the part of the Govern- 
ment to build a Patent Museum, could not this be in- 
corporated in the one scheme? The value of such a col- 
lection would be immense, not only to the student, but to 
the engineer, and the whole country would participate in 
it. There is an excellent library in the present Patent 
Office, but it is extremely inconvenient and difficult 
of access. Were this incorporated in the same building, 
but separate from the excellent technical libraries belong- 
ing to the several societies, we should have the finest edu- 
cational institution in existence Such a scheme requires 
money; but if once a committee were formed, and the 
matter put into shape, I have very little fear on this head. 

Such examples as that of Dr. Siemens are contagions, 
and once get the capital subscribed for the building, &c., 
the money required for work over and above that now 
carried on each society (already provided for), would 
soon be found, and a very pleasing method of perpetuating 
the memory of the names of our greatest engineers would 
be by founding scholarships bearing their names. Of course 
Government should be called upon to do something, and 
considering that the enormous annual surplus arising from 
the fees paid by patentees, is to a great extent extracted 
from the pockets of those who are members of the various 
societies interested, I think a very handsome annual sub- 
sidy from the Government should be obtained. 

have only, Sir, very briefly touched upon this large and 
important question, and it is B oe possible that many of 
the ideas are at present impracticable, but unless some one 
draws attention to the subject, an opportunity to do great 
good to our profession may pass by, and I am quite sure 
that if energetically and moniously taken up by the 
leading societies devoted to the applied sciences, a most im- 
portant step will be taken tow maintaining our present 


position. 

I would add that as “‘art,’’ or at all events ‘‘ musical 
art,’’ seems unequal to the task of completing the house on 
the Thames Embankment, would this not be a fitting site 
for the proposed museum ? . 

In conclusion, do not let us, while considering the in- 
terests of societies which embrace the leading members of 
our profession, forget to make due provision for enabling 
the working engineer and skilled mechanic to avail them- 
selves of the educational facilities afforded by the lectures, 
library, and museum. The different institutions could do 
much in this way, by founding special scholarships, &c., 
and while, of course, the first object would be to promote 
the interests of the bigher branches of engineering, we 
should give every encouragement to the class from which 
have sprung many of our greatest men. Whatever we do, 
do not let us lose one great element of onr success in the 
practical applications of science, namely, the constant 
accession of new blood and ideas. Dr. Siemens’ offer, and 
the spirit which prompted it, seem to me to afford a hope 
that, if carried ont, a means is afforded by which both 
scholar and workman can be mutually benefited. 

Yours obedien us, 
RaureH Hart TWEDDELL. 

14, Delahay-street, Westminster, June 10, 1879. 








Rattway Braxkgs.—A verdict for the extraordinary 
sum of 26,500 dols. has been rendered in the supreme court 
of Massachusetts against the Grand Trunk Railway Com- 

y, in favour of Charles H. Worthen, of Chicago, who 
ost a leg as the result of a collision on that road near 
Detroit Junction. The train was said to be 
racing with that of the Michigan Southern, and in that 
the company was perhaps guilty of carelessness, but it was 
urged that the collision resulted from the failure of the 
Smith vacuum brake to work, an unforeseen accident which, 
it would seem, should have protected. the company from so 
severe @ punis. as that which the jury saw fit to fix.— 
The Rai Age. 
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BELL’S TELEPHONE. 

We illustrated and described in our twenty-second 
volume* the first articulating telephone of Professor 
Graham Bell, which was first shown by its eminent in- 
ventor at the Centenary Exhibition at Philadelphia, in 
the summer of the same year, and which was soenthusias- 
tically referred to by Sir William Thomson in his address 
to Section A of the British Association at Glasgow in 
September, 1876. From the time that our article ap- 
peared, however, but little was heard of the telephone until 
the following August, when Mr. W. H. Preece brought 
the subject before the British Association at Plymouth, 
and showed for the first time the instrument in action, 
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or rather the modified and improved form of it which is 
now 80 familiar to everybody, From that date the in- 
strument has been made in hundreds by persons whose 
respect for patent rights seemed to have no sort of pro- 
portion to their desire to advance science or their own 
interests, as the case might be. 

That form of the Beil telephone seems to have sur- 
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vived all others, and although several improvements 
have been made in its internal construction, and in the 
material of which the case is composed, its general form 
has remained unaltered, and indeed it is difficult to see in 
what way it is capable of improvement. 
Through the kindness of Mr. Frederic A. Ormiston, 
we are enabled to place before our readers a section of the 
latest and most improved form of this beautiful instrument, 
in which several improvements have been introduced. 
The most important of these is the compound nature of 
the magnet, which is composed of four bars of steel of 
flat rectangular section placed in two pairs, which are 
separated by a similar bar of soft wood, and united at 
their upper extremity to a soft iron pole-piece, which is 
surrounded by the coil of insulated wire which is in 
circuit with the distant station. The case is constructed 
of ebonite, and is remarkable for its high-class workman- 
ship and finish, and the mouthpiece screws down over 
the body of the instrument soas firmly to hold the edge 
of the ferrotype diaphragm between itself and the rest of 
the case; by this means holding-down screws are dis- 
pensed with, and the instrument is rendered not only 
more sightly but simpler and more readily adjustable. 
The working of the instrument is everything that 
could be desired, and its clearness of articulation is very 
remarkable. We understand that the instrument in this 
form is being rapidly introduced by the Telephone Com- 
y, and it is an interesting fact that Sir Garnet Wolseley 
as taken out no less than fifty pairs of these instru- 
ments for use in the coming campaign in Zululand. 
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BOUCHER’S CALCULATING CIRCLE. 
We annex engravings of a handy little instrument— 
Boucher’s calculating circle—which is being introduced 
in this country by Messrs. Manlove, Alliott, Fryer, and 
Co., of Nottingham. The instrument may be described 
asa kind of circular slide rule, and it consists of a case, 


in a pocket apparatus. 


the accuracy required. 





read off with greater absolute exactness than is possible 


calculations, however, the pocket instrument gives all 
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_ Lirz or RatLway MarteriAL—Some interesting figures 
in pa es to the life of rolling stock and superstructures 
have been compiled by the Illinois Railroad Commissioners, 
from the returns of 26 companies reporting on the subject. 
They show the following general average of duration :— 


For the vast majority of rapid 








resembling that of a keyless watch, provided with two 
dials, one movable and graduated as shown in Fig. 1, 
and the other fixed and graduated as shown in Fig. 2. 
The movable dial can be rotated by means of the milled 
head at the top of the case, while another milled head on 
one side gives movement to a couple of index fingers, one 
for each dial, these fingers being mounted en the same 
axis, so that they move together. The dial shown in 
Fig. 1 is called the arithmetical dial, and that shown in 
Fig. 2 the trignometrical dial, and in connexion with the 
former a fixed index is provided, as shown. 

On the arithmetical dial are two scales, that on the 
outer circle being divided into ten equal parts, numbered 
1-10, and these being in turn divided into ten equal 
parts each. The scale on the inner circle isa logarithmic 
one, and if a radial line be drawn at any point, the figure 
which this line cuts on the outer circle will be the 
logarithm of the number intersected by the same line on 
the inner circle. With this key to the nature of the 
scales, it will readily be understood by any one familiar 
with the use of the slide rule or with logarithmic calcu- 
tions, how the instrument can be employed for multipli- 
cation, division, evolution, &c. 

The trignometrical dial on the other hand is available 
for all kinds of trignometrical calculations, and the 
nature of the scales carried by it is clearly shown 
by Fig. 2. In using this dial, the movable dial, Fig. 1, is 
set so that the ‘ 1” on its inner scale corresponds with the 
fixed index, and if the movable index be then set to an 
given angle on the scale of sines of the fixed dial, and 
the instrument be turned over, the other movable index 
will be found pointing to the sine of that angle on the 
inner circle and to the logarithm of tha: sine on the outer 
circle. Our space will not permit us to enter here into 
full directions for the use of the instrument, but these 
directions are very clearly set forth in a little pamphlet 
by which the calculating circle is accompanied, and all 
we need say is that with very little practice it will be 
found that the instrument affords a very ready means of 
performing rapid calculations. The particular instrument 
which we have ourselves tested has a dial about 2 in, in 
diameter, but we understand that Messrs. Manlove, 
Alliott, Fryer, and Co., propose to bring out for office use 
a larger instrument, which will enable the answers to be 


area - ‘See ENGINEERING, vol. xxii., p. 518. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDL UGH y: 
The Cleveland Iron Market.—Yesterday there was onl 
a moderate attendance on ’Change at Middles 


nnal, the warrant storekeepers of Middlesbrough 


brough stores, and that they are now both receiving and 
The deliveries have so far exceeded the 
receivings, that ’ ~ = = of the month the stock has gone 
n 
269,888 tons, and are receiving about 500 tons daily. Cleve- 
land warrants are quoted about 34s. 6d., sellers No.3. On 
rices of iron were nominally the same as last 
ing quoted 34s. per ton. 
that they could buy this quality at 33s. 9d. per ton. 
of the blast furnaces which were damped down in conse- 
quence of the pitmen’s strike are still producing poor iron, 


power in the district is far in excess of the demand at 
Messrs. Bolckow, Va 

tions at two of their South Bank blast fur- 
naces. The committee of inspection re Lloyd and Co., of 
the Linthorpe Iron Works, Middlesbrough, have decided 
to blow out the furnaces which have for some time been 
The committee of inspection re Hopkins, 
Gilkes, and Co., of Middlesbrough, have adopted the same 
Y | course with regard to the blast furnaces. 
a day before the whole of the blast furnaces in Cleveland are 


Mr. Isaac Wilson, M.P.—It will be recollected that at 
the first meeting of the creditors of Lloyd and Co., the 


Gilkes, had every s thy shown them, and were dis- 

Mr. Wilson, who is the representative 
iddlesbrough retains his seat. 
as a director of the North-Eastern Railway, and the Board 
have reinstated him on the directorate where he has been 


South Medomsly Colliery.—On Saturday last South 
Medomsley Colliery was offered for sale by auction. The 

illing to dispose of it for 30,000I. 
50001. was offered for this colliery. 
ae how this class of property is appreciated in Dur- 


Locomotives, 15} years; passenger cars, 15} years; stock 
cars, 10 years ; freight cars, 11} years ; iron rails, 7 years ; 
steel rails, 14 years; oak ties, 7 years ; pine ties, 4} years ; 
cedar ties, 54 years; truss bridges, 9} years; trestle 
bridges, 8 years ; ie bridges, 9 years ; joints and fasten- 
ings, 7 years; and fencing, 8} years. The Toledo, Peoria, 
and Warsaw Railroad Company gives the life of locomo- 
tives at 8 years, and of passenger cars at 15 years, while 
the Michigan Central gives locomotives 24 years, and pas- 
ones cars 20 years of life. Only one other system puts 
the life of passenger cars at 20 years. The lowest reported 
life rate of passenger cars is 8 years. The shortest life of 
iron rails is 3years ; the longest 12 years. Four companies 
give 10 years. Only four companies report the life of steel 
rails, and they give it as 9,12, 15, and 20 years respec- 
tively. The reported life of truss bridges ranges from 
5 years to 20 years, of trestle bridges, from 54 years to 10 
years ; of pile bridges, from 6 years to 12 years; and of 
fencing, from 5 years to 10 years. 
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the District.—The productive 


Gas AMALGAMATION.—At a recent special meeting of 
the shareholders of the South Metropolitan Gas Light and 
Coke Company, a scheme for the amalgamation of the 
company with the Surrey Consumers’ Gas Company was 
considered. Mr. George Livesey, the secretary an i 
neer, stated the advan that would result both to the 
shareholders and the public, viz., the supply of gas of a 
greater illuminating power and purity, and at a lower 
price. On the part of the companies there would, neces- 
sarily, be a greater economy in the working expenses, a 
saving in the outlay of capital, and in current worki 
expenses. The scheme was to commence on the Ist o 
July next. Details of the arrangement of the existing 
capital were given. All three classes of capital, A, B, and C, 
would participate equally in the profits up to 11 per cent. per 
annum ; but in the event of a larger dividend being at any 
time capable of being paid, the proportion of such in 
dividend would be payable to the holders of the A capital. 
The chairman moved the adoption of the scheme by the 
South Metropolitan Company. Some di ion ensued, 
but eventually the proposition was unanimously agreed to, 
while the present charge of the Surrey Consumers’ Com- 
pany is 3s. 9d. per 1000 ft., it is intended that in the 
course of a year the price shall be reduced to 3s. 2d. It 
only remains for the two companies to obtain the sanction of 
the Board of Trade, which will most probably follow as a 
matter of course. Amalgamation schemes of this kind 
ses eety ts ebjected to when all parties are equally 
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VIADUCT OVER THE RIVER RANCE, NEAR DINAN. 
CONSTRUCTED BY MM. JOLY, JOLLY, AND DELAFOY, ARGENTEUIL. 
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We last week published some illustrations of the new 
viaduct over the Rance, near Dinan, constructed to carry 
the Dol and Lamballe branch of the Western Railway, 
by MM. Joly, Jolly, and Delafoy, of Argenteuil (Seine- 
et-Oise), and we now publish the remainder of the 
illustrations (see the two-page engraving published 
this week). The requirements of navigation forbidding 
the erection of a mid-river pier, it was determined to use 
only one span 315 ft. long from centre to centre of end 
stiffeners of girders, and 295 ft. 3,5,in. clear span. The 
clear headway upon the highest water level is 82 ft. and 
105 ft. above low water. The masonry consists: on the 
right bank, of an abutment pier, and two semicircular 
arches 42 ft. 72 in. span; on the left bank of an abutment 
pier and three semicircular arches of the same size, 
and an opening 13{ft, lin. wide for a local road. The 
total length of the work is 642 ft, and the maximum 
height between rails and the underside of the abutment 
on the left bank is 122 ft. The viaduct is constructed 
for a double line of way, and the width between the 
handrails is 26ft. 3in. In the illustrations, Fig. 1 is a 
side elevation of the bridge, showing the general arrange- 
ment of span and side arches, Fig. 2 is a plan, and 
Fig. 3 is an enlarged section through the crown of one of 
the arches, showing the piers and handrailing. These piers 
are 9ft. 10in. wide at the springing of the arches, the 
thickness of the abutments at the same level being 
19 ft. 8in., and they are carried up to the level of the 
roadway as counter-forts, terminating in pilasters, as 
shown. The width of the piers and abutments are re- 
spectively 34 ft. 4in. and 41 ft. llin., being set off on 
each side of the wall for a width sufficient to support the 
staging that carried the main girders while being run 
into position. Fig. 4 is a general plan of the location of 
the bridge, and Figs. 5 to 9 are details of the masonry, 
Fig. 8 indicates the form of the special archway made for 
the accommodation of the small road, the course of which 
is indicated on the plan Fig. 4. The large span consists 
of two main girders, carrying the lines of rails at their 
lower side on longitudinal beams, supported at intervals 
of 14ft. 4in. The form of the main girders is shown 
in Fig. 1, and their details in Figs. 10 to 31. The lower 
flange is horizontal, and the upper curved to an arc of a 
circle ; the depth at the ends is 25 ft. 2in., and in the 
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middle 39 ft. 4,4,in. Each girder is built up of a top 
and bottom flange with deep webplates, the space 
between the flanges being divided into panels by vertical 
struts placed 14 ft. 4in. apart, and filled with a single 


intersection, as shown. Fig. 10 shows a cross section of 
this girder ; it will be seen that the width of the plates 
forming the top and bottom flanges is. 43.3 in., and the 
depth of the side plates 47.24in. These plates are placed 
23.7 in. apart. They are attached to the flanges by 
angle-irons 4.72 in. by 4.72 in. by Zin. and at their 
upper edges are stiffened by angles on each side in. 
by 3}$in. by ljin. The construction of the vertical 
struts is shown in section DD; they are formed of a 
webpiate 23.7 in. wide and 4 in. thick with angle-iron 
314 in. by 3}gin. by Zin. at the ends, and connected to 
stiffening plates 153 in. wide by +, in. thick. These struts 
are secured to the top and bottom flanges of the main 
girders, as shown in Figs. 10, 17, 23, and 24. The side 
plates stop on meeting the vertical plates of the 
flanges, but the angle-iron and web are continued down 
and rivetted, as shown, to the side plates of the flange, 
while plate-iron brackets, strengthened with angle-iron, 
are rivetted to the side plate of the strut, and to the angle- 
iron on the top of the webs of the main flanges. The 
forms and dimensions of the diagonals are shown in 
Figs. 17 to 24. Figs. 25 to 31 are details of the ends of 
the girders, and the bedplates upon which the structure 
rests. One of these bedplates is rigid, and the other 
bears on a series of steel rollers 7 in. in diameter. The 
main girders are ted together above, at intervals 
of 14 ft. 7 in. by transverse beams 19.7 in. deep (see 
Fig. 10) and 265 in. thick, strengthened at topand bottom 
by angle-irons 3} in. by 24 in. by +4 in. These are con- 
nected to the girders by means of plate and angle-iron 
and brackets, shown and fully dimensioned in Fig, 10. 
A light longitudinal beam connects these transverse 
girders together in the centre and serves as a means of 
attachment for the system of diagonal bracing, consisting 
of double angle-iron 3.15 in, by 3.15 in. by #in., and 
arranged as in the plan, Fig. 2. The bottom transverse 
girders are shown in Figs. 10, 15, and 16. They are 
placed, as stated above, at intervals of 14 ft. 7 in. apart, 
and rest on the flange plates being rivetted to the web. 
The girders are 44.2 in. deep with a web 4%, in., thick, a 








bottom flange formed of two plates 13.7 in. by 7% in., and 
a top flange of two plates, one 13.7 in. wide and — 
thick, and the other 19.6 in. wide and 4% in. thick. The 
longitudinals under the rails, already mentioned, are 
shown in Figs. 10 and 15, and separately in Fig. 16, 
which also includes the principal sections employed in 
the upper transverse girders and brackets. he web- 
plates of these longitudinals are 25.59 in. by 44, in. with 
angle-irons top and bottom 8.74 in. by 2.86 in. by + in. 
They are rivetted to the cross girders, and are also 
secured to the latter by brackets (Figs. 10, 15). The 
scheme devised for getting the large span in place 
was to launch it from pier to pier across the river, in 
the same way that many continuous girders have 
been treated. This somewhat bold undertaking was 
rendered necessary on account of the difficulty in 
erecting scaffolding in a river subject to sudden rises of 
15 ft. or 18 ft., and having a bed of soft mud of groat 
depth. To effect the launching it was necessary to 
counterbalance the span, which was done by making use 
of a portion of the ironwork constructed for the viaduct 
to be thrown across the Eau Minérale ravine situated on 
the same line and about five miles above the Rance. 
This portion of the viaduct, about 148 ft. long, was bolted 
up rigidly to the span of the Rance bridge, and in addi- 
tion a special triangular portion 65 ft. long was also 
placed at the end of the tem rtion. This latter 
is to be used in the erection of the Eau Minérale viaduct, 
The practicability of this work was first tested by a 
series of experiments illustrated by Figs. 88 to 43. The 
first experiment consisted in resting the girder on sup- 
ports so placed as to expose it to the maximum strain, 
attained when the forward part of the false works 
touched the opposite pier. The second test consisted in 
placing the structure in such a position that while the 
forward part rests on the opposite abutment, the perma- 
nent ironwork is about 15 ft. from its permanent position, 





An American [non LigutrHovss.—Aniron lighthouse 
is now in course of construction by the Phoenix Iron Com- 
pany, at their works, Trenton, New Jersey, to be on 
what is known as American Shoal, one of the Florida coral 
reefs, a few miles to the south-east of Key West, where it 
will stand in about 5 ft. of water. Previous to its transfor 
it will be erected entire at the company’s works. 
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NOTES FROM THE NORTH. 
Guiaseow, Wednesday. 
Glasgow Pig-Iron Market.—On ole from 
41s. 7d. to 41s. 11d. cash was paid; and on the followi 
day the market opened quieter, but prices recovered, an 


closed 1d. per ton over those of the previous day ; the week, 
however, finished 14d. ton under the prices paid on 
the preceding Friday. iness was done in the morning 


at 41s. 10}d. to 42s. cash, and 42s. 1jd. to 42s. 3d. one 
month ; and in the afternoon 42s. cash and 42s. 1}d. one 
month were accepted. The closing quotations were— 
sellers, 42s. cash and 42s. 14d. one month, and buyers hear. 
The warrant market was dull at the opening on Monday, 
but revovered, closing much the same as last Friday. In 
the morning business was done at 41s. 114d. cash, and at 
42s. 1jd. to 42s. 2d. one month, the market closing with 
buyers at 42s. and 42s. 2d. cash and one month respectively, 
and sellers asking 1d. per ton more. There were trans- 
actions in the afternoon at 42s. cash and 42s. 2d. one 
month, und the market closed with buyers at those rates, and 
sellers asking 1d. more per ton. On Monday, in prospect of 
much smaller shipments than we have lately been accus- 
tomed to, the pig-iron market opened quiet, 2000 tons 
warrants having changed hands at 41s. 1lid. cash and 
1000 tons at 42s. 1gd. one month open, and the price im- 
proved to 42s. 1d.cash and 42s. 3d. a month, at which prices 
a few thousand tons changed bands, closing rather sellers at 
the top. In the afternoon the tone was again strong, 
500 tons done at 42s. 14d. fourteen days, and 42s. 1d. 
prompt offered, sellers asking 1d. per ton more. Yesterda 

the first business was at 42s. 2d. prompt, after which 
42s. 4d. prompt and 42s. 5d. a month were done for several 
thousand tons, closing the turn easier, 42s. 5d. prompt 
accepted, and sellers over buyers not so anxious. In the 
afternoon the telegrams from Middlesbrough reported a 
quiet market, and the same tone prevailed here, sellers at 
42s. 3d. cash in a week, buyers not offering over 423. 1}d. 
per ton. The shipments last week are 8402 tons against 
7008 tons in corresponding week of last year, and the totals 
56,281 tons in excess of last year. The imports from 
Middlesbrough are 3000 tons against 7575 tons last year, 
making a total decrease from Christmas of 29,441 tons. 
The deliveries of Scotch iron into Connal’s stores here last 
week were 2651 tons, increasing the total quantity to 
268,918 tons. These deliveries continue steadily, while the 
shipments of special brands to Germany are now falling off 
considerably. This morning a good business was done from 
42s. 14d. to 42s. prompt ; 42s. 3d. and 423. 2d. a month, 
and 42s. ld. fourteen days, closing rather buyers at the 
lower cash rates, sellers near. In the afternoon 42s. 1d. 
cash and 42s. 1d. one month were paid, but sellers re- 
mained at these figures with buyers at 42s. The demand 
has been very quiet since last report, and most of the 
makers have reduced their quotations from 6d. to 1s. per 
ton. There is certainly a little more buoyancy observable 
in the warrant market, although the same cannot be said 
of the actual trade ; indeed, the volume of business tends 
to recede. The forward shipments mentioned in last week’s 
report were the largest that have been reported for a very 
long time past, chiefly owing to orders for Germany being 
pushed forward to escape the duty that has lately been im- 
posed upon future imports of pig iron into that country. 
‘Those for the past week amounted to 8102 tons, as com- 
pared with 70/8 tons in the corresponding week of last year. 
The deliveries of iron into store continue to be heavy, and 
the stock with Mesers. Connal and Co. up till last Friday 
night stood at 268,919 tons, showing an increase for the 
week of 2651 tons. One blast furnace has been dampud 
out at Calder, and another has been relighted at Dal- 
mellington [ron Works, and thus the total number of fur- 
naces at eo in actual operation still stands at 88, as 
compared with 90 at the corresponding date of last year. 


Proposed New Dock at Inverkeithing.—A deputation 
from Inverkeithing Town Council, accompanied by Mr. 
Jobn Buchanan, C.E., have recently held a conference with 
the directors of the North British Railway Company, in 
Edinburgh, in regard to a scheme for the formation of a 
new dock at the burgh. Mr. Buchanan submitted plans 
prepared by him of a dock covering a superficial area of 
nearly 40 acres, which he estimated could be constructed 
for the sum of 75,0001. including the whole appliances 
necessary for shipping coal at the rate of 2000 tons per day. 
He explained the nature of his scheme at t length to 
the directors. The proposal was well vesuived, end in order 
that the matter might be considered by a full meeting of 
the directors, Mr. Buchanan was instructed to furnish the 
company with a detailed estimate of the whole work. It 
may be stated that the estimates prepared in 1876 fora 
similar dock to the one proposed by Mr. Meik, engineer for 
the pany, ded that of Mr. Buchanan by nearly 
30,0002. It should be remembered, however, that at the 
time of the estimate the prices of labour and of the necessary 
materials for constructing a dock were very much higher 
than they are now. 


The Forth Bridge—What is being regarded by some 
persons as the greatest engineering feat ef either ancient 
or modern times, namely, the Forth Bridge, is now exciting 
some attention in Scotland. With reference to its gigantic 
dimensions, or rather its enormous height, attention has 
just been drawn to it in comparison with Tennant’s 
ebimney at St. Rollox Chemical Works, which is 430 ft. 
high from the level of the ground. If 100ft. be added to 
that. then there will be obtained the height of one of the piers 
for the bridge, that on Inch Garvie, the small island in the 
centre of the Forth, where the structare is to be reared. 
Then, placing another pillar or column of the same height 
at Sighthill Cemetery Gate, and one at the Asylum for the 
Blind—the former to the north of the chimney, and the 
other in a direct line to the south—and some idea of the 
three piers may be formed which are intended to support 
the suspension bridge, these piers being 1600 ft. separate 





used in bridging the river. Again, it is said, 
ded at such an elevation (180 ft. 
largest ship afloat 
eath, and a scene is ted to the mind 
enough to make even the boldest hold his breath. The 
Tay Bridge is looked upon as a grand affair, but it sinks 
into insignificance when compared with the Forth Bridge. 

Launch of the Orient.—One of the largest steamers ever 
built—said to be even larger than the Guion liner Arizona— 
was launched last week from the yard of Messrs. John 
Elder and Co., Fairfield, Govan. She was named the 
Orient by Lady Gertrade Boyle, daughter of Lord eens 
and is intended for the new Orient Line of steams ps 
trading between London and Australia, and making the 
passage in from 38 to 40 days, without requiring to make 
a stoppage to take in an additional supply of coal. The 
new vessel is really a splendid specimen of the latest develop- 
ments in the science of raval architecture. She is 460 ft. 
long, 46ft. Gin. broad, 37ft. Sin. deep, with a displace- 
ment of 9500 tons at the load draught; and she is to be 
fitted with a set of three-cylinder engines of 5400 indicated 
and 1000 nominal horse power. 

The Caledonian Bridge over the Clyde.—The first train 
passed over the Caledonian Bridge at Glasgow Harbour 
on Monday afternoon. It consisted of a locomotive engine 
and tender with four heavy brake wagons in front, and 
proceeded from the Caledonian line, south side. The 
wagons were left on the north rails at Amh-street, and the 
engine returned alone over the bridge. There were not 
many witnesses of the novel sight, the height of the side 
ome lining of the girders preventing much of the 
carriages being seen from the streets. It is expected that 
there will be a regular service of trains over the bridge 
about the beginning of next month. 
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NOTES FROM THE SOUTH-WEST. 

The Harris Navigation Pits.—On Friday sinking 
operations were completed at the Harris Navigation New 
Pits, near Quaker’s Yard. The No. 2 pit has been sunk to 
the 4 ft. seam of steam coal, which has been found to be the 
samein quality and depth as that in the No.1pit. It is 
generally understood that it is this seam which will be 
worked first, and that coal will be raised through both pits. 
Operations are being pushed forward vigorously in fixing 
up the pumping and winding engine. 

The Lord Mayor at Milford Haven.—On Friday the 
Lord Mayor of London (Alderman Sir Charles Whetham) 
accompanied by Sir Charles Reed, the chairman of the Lon- 
don School Board, and Messrs. Hutton and Scott, who are 
also well known in the City, paid a visit to Milford Haven. 
These gentlemen are the directors of the National Provi- 
dent Institution, of which the Lord Mayor and Sir Charles 
Reed are chairman and vice-chairman, and as such are 

roprietors of an important property known as the Milford 
Raven Estate. Their visit had for its object the inspection 
of the company’s possessions, and the Milford Docks, 
which are in an advanced stage. They were attended by 
the London solicitor to the institution, Mr. T. Middleton 
Morris (of the firm of Messrs. Davidson and Co.), and by 
the local solicitor, Mr. J. Eaton Evans. 


A New Railway.— Mr. W. G. S. Thomas and some other 
gentlemen propose to convert an old tramroad between the 
Glamorgan Canal at Treforest and Dinas into a railway. 
It is intended to run the new line into the Pontypridd and 
Caerphilly Railway, which is about to be commenced at 
Treforest. The old tramroad was originally constructed 
as far as Kirw Ishaf (Hafod) ; it was subsequently extended 
to Mr. Coffin’s collieries at Dinas, and it remained during 
many years the only outlet from the Rhondda Valley for 
minerals. The late Mr. Walter Coffin, to prevent the old 
tramroad from becoming public property, and the public 
from claiming a right of way over it, occasionally pro- 
hibited farmers from travelling on horseback over it, and 
relegated them to their rough parish road. When the 
Taff Vale Railway was extended to Treherbert, most of the 
old tramroad was abandoned, but the proprietors still re- 
tained their legal possession of the ground over which it 
ran, and they are now able, it seems, to convert it into a 
railway without the necessity of applying to Parliament for 
additional powers. 


The London and North-Western and Merthyr.—The 
London and North-Western Railway Company is about 
to establish a connexion with Merthyr. The opening was 
fixed: for the 2nd of June. Some little hitch or other 
occurred at the junetion, but it is certain to last only a few 
days, after which Merthyr will be one of the most im- 
portant railway centres in South Wales. It willthen have 
over forty trains a day coming in and going out of the 
Great Western station, and will be placed in such a manner 
for northern traffic that any one going by the first train 
to the north will be able to have three hours in Birming 
ham and return the same day. ‘The lines which will be 
represented in Merthyr will be the Taff Vale, the Great 
Western (from Neath and Hereford), the Midland, the 
Brecon, and the London and North-Western. 


Clifton Extension Railway.—It was expected that the 
Avonmouth branch of this railway would be opened on 
June 2. What gave rise to this re; was the fact that 
several officials went over the branch one day recently, in- 
spected it, and made some remarks, from which the con- 
clusion was come to that the branch would be opened on 
the day above named. This was proved to be incorrect, 
for although the line has been finished for a long period, 
and has been used for goods traffic, there still remain some 
alterations and improvements to be carried out before 


passenger trains will ran. Matters appear to be approach- 
ing completion. 


The Forest of Dean.—The staple industries of this dis- 





from each other. It is thus seen that are to be two 


bad times are more frequent than during the unfavourable 
months of 1877-78. At the pit banks wagons are loaded 
at 11s. per ton, while contracts for steam have not exceeded 
4s. 6d. per ton. Pig-iron stocks continue heavy. Alarm- 
ing reports as to the annihilation of districts like the Forest 
under the new conversion of Cleveland ores will hardly 
stand the test of close examination. It is computed that 
4 tons of Cleveland ore are required to make a ton of pig, 
at an average cost of 4s. 6d. per ton. Two tons of the 
better classes of Forest hematite ore will yield a ton of 
metallic iron. Thousands of tons of Forest iron have not 
involved a larger expenditure than 2s. 6d. per ton, but 
were this increased to 8s. 6d. per ton, the advantage would 
still be on the side of the Forest, apart from the lesser cost 
of labour in handling 4 tons as inst 2 tons of ore. It is 
stated that iron ore is now being sent to Cwmavon, in 
South Wales, from West Dean, from which iron works 
pig is sold to Forest tin-plate makers. Tin-plates are 
reduced to 15s. 9d. per box. 


Swansea Harbour Trustees.—At the monthly meeting 
of the Swansea Harbour Trustees, on Monday, a consider. 
able increase was reported in the receipts from the shipping 
rates; also a satisfactory surplus in the working of the 
whole harbour estate. The East Dock Committee recom- 
mended the immediate commencement of the works, which 
was resolved upon, and the tender of Mr. T. A. Walker, of 
110, Cannon-street, London, to c them out according 
to the plan, at a cost of 196,472/., was accepted. An 
additional expenditure of about 33,0001. will be entailed in 
the construction of the low-level railway and hydraulic 
machinery. The contractor shows his faith in the under- 
taking \by offering to accept 50,0001. in bonds bearing 
interest on the new works. The Earl of Jersey, who takes 
especial interest in the progress of the new undertaking, 
has also, in the same spirit of confidence and faith in the 
future of the new dock, made a similar liberal offer to 
accept bonds in lieu of cash for a very large proportion of 
land on which the East Dock will be constructed. In ad- 
dition to this, the Great Western Railway Company, the 
Midland Railway Company, and the Corporation of Swansea 
have guarant: rentals for wharf: at the new dock, 
amounting to 11,0007. per annum. The work, therefore, 
commences under favourable auspices. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Heavy Trades.—Since the conclusion of the Whit- 
suntide vacation some fair orders have come to hand for 
both sheets and plates. The goods required are all of best 
quality, principally for the home trade. Ship plates are 
in more pogeess and the increased activity at some of the 
shipyards leads to the belief that the improvement will 
continue for some months to come. Boiler plates are also 
required in considerable quantities, and the mills are more 
busily engaged on these than has been the case for some 
months past. Still a large number of the ironworkers are 
out of employment, the trade being over-handed, and on 
the Derbyshire side some of the masters are endeavouring 
to obtain concessions in wages. The unionism amongst 
the men has been almost completely overthrown for the 
present, and wages disputes are confined to the localities 
where they break out. Quotations areas follows: British 
hematite, 15s. to 22s. 6d.; best bars, 61. 103. to 7/. 5s. ; 
cable iron, 91. to 101. ; singles, 91. 10s. to 91. 15s. ; doubles, 
91. 7s. 6d. to 91. 12s. 6d. ; ship plates, 81. 10s. to 9/.; boiler 
plates, 111. 15s. to 121.; Swedish pig, largely used here, iz 
quoted 4/. 5s. f.o.b. in Gottenburg. In the Bessemer 
ae there is considerable activity, some of the firms 
still having large contracts on hand for rails, and the tyre 
branch has exhibited signs of amendment, the home 
railway companies having latterly given out good orders, 
principally for stock. The engineering branches are de- 
pressed, and reports which one Tahets issued show that the 
competition is excessive, especially on the part of Scotch 
houses, who are underselling English firms—particularly 
in locomotives. Locomotive building appears for the 
present to have left the ‘‘shops’’ here, and recent expe- 
rience in tenderin inst the Scotch houses for these 
engines shows that t elatter can undersell very nearly 7} per 
cent.—then make a profit. In Lancashire also the boiler- 
makers are working for lower wages than in South York- 
shire. Only the engineering firms of long standing with a 
special connexion can deal with the prevailing competition, 
and then they appear to be employed on machinery, &c., 
not contunstod for from the railway companies. 


Lord Cranbrook at the Cyclops Works.—On Friday last 
Lord Cranbrook and a distinguished party paid a visit to 
the Cyclops Works, Sheffield (Messrs. C. Cammell and Co., 
Limited), where they witnessed the — of a large 
armour plate. Tho ‘‘heat,’’ which weighed 30 tons, had 
been in the furnace for 12 hours, and when drawn out 
measured 30 ft. in length, 9ft. in width, and it was 15 in. 
thick. It was within a quarter of an hour rolled into a 
9-in. plate. When finished it will form a portion of the 
armour of H.M.S. Inflexible, now building at Portsmouth. 
The noble lord afterwards [saw steel-converting by the 
Bessemer process, and also witnessed the planing, boring, 
&c., of armour plates in the machine shop, at the upper 
end of which was 9-in. inner plates of a turret 
which will be placed on the deck of the ship above named. 
The party were conducted through the works by Mr. 
George Wilson, chairman and managing director of the 
company. 

Scarborough Harbour.—The work of deepening the 
outer harbour at Scarborough, and diverting the entrances 
to the inner one, is now proceeding rapidly. The only 








entrance to the latter in future will be between Vincent's 
Pier and what has hitherto been known as the Island Pier 
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NOTIOES OF MEETINGS. 


INSTITUTION OF MECHANICAL ENGINEERS.—At the Institution of 
Civil Engineers on Thursday, June 19, and Friday, June 20. ie 
chair will be taken at 7 o'clock p.m. by the President. The follow- 
ing papers will be read and discussed: 
and Iron Boilers,” by Mr. David Greig, of Leeds. ‘On the Com- 
pounding of Locomotive Engines,” by M. Anatole Mallet, of Paris. 
“On Injector Hydrants,’ by Mr. J. H. Greathead, of London. 
“On the Loss of Power in the Screw Propeller, and the Means of 
improving its Efficiency,” by the Hon. R. C. Parsons, of London, 

EB METEOROLOGICAL SocreTy.—Wednesday, the 18th instant, 
at the Institution of Civil Engineers, at 7 p.m., the etal, papers 
will be read: “ Report on the International Meteorological Congress 
held at Rome, April 1879,” by Robert H. Scott, F.R.8. “ Thermo- 
meter sure— Wall versus Stevenson's Screens,” by William 
Marriott, F.M.S. On the Hurricane at Mauritius on March 20th- 
2ist, 1879,” by Charles Meldrum. LL.D., F.R.S. “On a remark- 
able Disturbance of Barometric Pressure observed at the = 
Observatory, Greenwich, on May 18th, 1878," by William Ellis, 
F.R.A.S, “Meteorology of Mozufferpore, Tirhoot, 1878,” by Charles 
N. Pearson, F.M.8. 

PuysicaL Socrrty.—Saturday, June l4th, at 3 . “On the 
Suppression of the Induction Disturbance of the Telephone,” by 
Professor H. McLeod. “On the Sensitive State of Electric Dis- 
charges through Rarefied Media,” by W. Spottiswoode, and J. F. 
Hy eo “Ona New Measuring Polariscope,” by Professor W. 
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BOILER LEGISLATION. 


Many engineers and others who have given much 
attention to the subject of boiler legislation, advo- 
cate a plan something like that set forth in the Bill, 
some of the provisions of which we discussed in one 
of our former articles.* With the view of making 
legislation as little arbitrary and harassing as pos- 
sible, they would have a Government inquiry, un- 
dertaken by two independent engineers, after every 
explosion, whether fatal or not, and an a a heavy 
penalty in the event of the steam user being unable 
to prove that he had used every precaution to in- 
sure the safety of the boiler. Setting aside the 
notion that this plan is proposed with a view to get 
the thin edge of the wedge of legislation introduced, 
it must be conceded that it can only act efficiently 
in preventing future explosions on the assumption 





that the dread of the penalty will induce steam 
users to adopt every precaution for the safety of 
their boilers. We may take it for granted that no 
steam user will be able to prove that he has taken 
every precaution for the safety of his boiler when 
he has not had competent independent periodical 
inspection. It follows, therefore, that the advocates 
of this plan have in view the eventual establishing 
of compulsory inspection, but wish to get it in a 
roundabout way. No doubt the passing of any 
new enactment, imposing penalties in the event of 
an explosion being shown to have arisen from igno- 
rance or negligence, would soon become known to 
the majority of boiler-makers and engineers through. 
out the country, but there would be many small 
steam users in every large town as well asin out-of- 
the-way places, who for a long time would remain 
in ignorance of the state of the law until they were 
visited with the penalties inflicted. Even amongst 
those steam users, to whom the nature of the law 
would be known, a great many would from preju- 
dice, ignorance, pique, and from being badly ad- 
vised, still persevere in the old reckless management 
of their boilers, and continue to endanger the lives 
of their workpeople and neighbours. It is main] 
for such steam users that legislation is required, 
and it is just such people that the plan we are dis- 
cussing would not reach. 

Many engineers of standing still make boilers 
with flat and curved surfaces insufficiently stayed, 
with flue tubes, manholes, and dome-holes un- 
strengthened, with some parts so rigid as to bring 
about the destruction of the weaker parts to which 
the stronger are connected, and set their boilers in 
such a manner that their destruction by external 
corrosion is only a question of time. Hundreds of 
such boilers are at work, and scores more are made 
yearly. It is certain that the dread of penalty will 
not prevent the explosion of a considerable per- 
centage of these. The only way to prevent the 
continuance of this state of things, and to save many 
boilers that are at work, is to have them properly 
inspected, and put into a state of efficiency or 
replaced. This can only be done by making inde- 
pendent periodical inspection comptisory. 

We have already stated that whilst we advocate 
compulsory inspection, we would not have it carried 
out by Government officials. Our reasons for this 
are that Governmental inspection would be un- 
necessarily costly, harassing, and inconvenient, and 
wouldinevitably retard progress in steam engineer- 
ing. Moreover, such an opposition to compulsory 
inspection by Government officials would be offered 
by influential steam users, that we do not think any 
measure embodying it would ever become law in this 
country. It is, therefore, unnecessary to stop to 

oint out how compulsory inspection carried out 

by Government officials, would be more costly and 
inconvenient than an enforced periodical inspection 
with the option of choosing the parties by whom the 
inspection should be made, 

Let us glance at what has been done in the 
matter of Governmental inspection abroad. Follow- 
ing the example set by Prussia in the old law 
of 1856, it was understood in most of the Ger- 
man states that all stationary boilers had to 
be inspected by Government officials. As there were 
no special officials appointed for the purpose, the 
Prussian Government inspectors of buildings, the 
inspectors of mines, and the Government railway 
locomotive inspectors were authorised to undertake 
the official inspection of boilers. This naturally 
gave rise to a good deal of discontent, as these in- 
spectors had no special training or knowledge of 
the construction and working of boilers, and in 1872, 
after the publication of the report of our Parlia- 
menta’ ommittee By acid a voy law was 
passed liberating, with the permission of the proper 
authorities, all oh ose boilers from Governmental = 
spection whose owners are enrolled in any of the 
local companies, who undertake a regular and 
careful supervision of boilers. This law of 1872 
still provides for official inspection, but only in the 
expectation and with the object that the official 
supervision will be rendered unnecessary and re. 
placed by the supervision of the boiler companies 
that have recently sprung up in Germany. Official 
inspection is actually retained only for those who, 
on account of prejudice or pique, will not or, on 
account of the distance of their works from the 
centres of industry, cannot have their boilers placed 
under the supervision of the local companies. 
Commencing with the Steam Boiler Inspection 


Germany. It must then be conceded that the di- 
rection boiler legislation has taken in Germany, with 
its bureaucratic instincts, argues very strongly 
against the expediency of even attempting to have 
stationary, locomotive and portable engine boilers 
pene by Government officials in this country. 

n France all statio boilers are under the 
supervision of the Ingénieurs des Mines and of 
the engineers of the Ponts et Chaussées or agents 
appointed by them, In spite of the compalen 
testing and e-amination by Government officials 
several independent companies have sprung up in 
France since the formation of the well-known In- 
dustrial Society of Miilhouse in 1857. There is an 
impression in France that Government tutelage will 
be gradually replaced by the proper action of those 
most interested in the use of steam power. 

In the United States of America boiler legisla- 
tion has been local rather than national, In some 
of the states laws have existed for some time ren- 
dering the inspection by authorised persons of 
stationary boilers compulsory, In more than one 
case these laws were very unjust, as they contained 
rules rendering the use of certain boiler fittings com- 
paises. and were evidently framedin the interest of 
ocal Rrogetoen of patented inventions. These laws 
have been recently amended, authorising the Hart- 
ford Steam Boiler Inspection and Insurance Com- 
pany and other similar associations to grant certifi- 
cates of inspection. 

It aj clear that the effect of boiler legislation 
ab in countries varying as widely in the freedom 
of their institutions as the United States and the Ger- 
man Empire, has been to cause steam users to com- 
bine together in self-defence against Governmental 
or official inspection, This combination has led to 
mutual benefit and enlightenment and been the 
means of disseminating much valuable information 
relating to the safe and economical generation and 
use of steam. When compulsory inspection by 
Government officials has been replaced by the com- 

ulsory inspection of self-constituted companies, 
instead of being regarded as a tax on steam power 
and an interference with the rights of the subject, 
inspection has become to be regarded as a benefit 
and an assistance to all concerned, 

From the turn boiler legislation has taken abroad, 
it will be generally conceded that any legislation 
that may take place in this country should have 
for its objects, (1) the strengthening of the hands 
of the boiler companies which have been established 
since the formation of the Manchester Steam Users’ 
Association in 1855, but whose supervision has been 
accepted by only a very small proportion of the 
steam users in the United Kingdom, and (2) the 
formation of other associations throughout the 
country. We shall have something to say about 
boiler-inspecting companies in a future article, 








THE BOILER-MAKERS AND IRON 
SHIPBUILDERS. 

WuEn iron ships were first introduced, and began 
to supersede the “wooden walls of old England,” 
the men who were best fitted for the new kind of 
work were the boiler makers and rivetters ; to these, 
therefore, the shipbuilders applied. Their employ- 
ment was for some time strongly opposed by the 
shipwrights, whose union was strong, long estab- 
lished, wealthy, and extremely closein its rules, The 
difficulty, however, was not of long duration, for 
the latter were quite unable of themselves to perform 
the task of building iron ships. 
The development of iron shipbuilding as a branch 
of trade caused the Boiler-makers’ Society to adopt 
its second name. The union is now composed of 
‘smiths, platers, rivetters, caulkers, and holders 
up”—the latter for the most part being trained 
labourers, whose pay is considerably below that of 
members working at other branches of the trade. 
The entrance fees to this society are :—Under 
95 years of age, 7s. 6d.; from 25 to 30, 12s. 6d. ; 
from 80 to 35, 15s.; and from 35 to 40, 20s. 
The contributions are 1s. per week for full benefit 
members, and 6d. per week for trade protection 
only. Levies for accidents and strike pay are extra. 
Fuil benefit members are entitled to 1ls. per week 
sick pay ; funeral allowance 12/., and at death of 
wife 6/.; accident benefit is 100/.; superannuation, 
from 4s. to 6s. per week, according to the term of 
membership ; out of work allowance is 8s. per week, 
travelling relief 1s. 8d. per day, and strike pay 12s. 
per week, 





Company at Mannheim in 1866, no fewer than 





* See ENGINEERING, page 518, vol. xxvi. 


twenty-three boiler companies have been formed in 





The forty-fifth annual report, just issued, contains 
204 pages large octavo, closely printed, and 16 
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of introduction : 124 pages are devoted to 
| a ; 12 to the accounts of nine dis- 
trict committees; 12 to abstracts and accounts 
of the executive committee; 16 to a list of grants 
from the benevolent fund to distressed members, 
and to the names of deceased members and their 
wives. The remainder are taken up with miscel- 
laneous matter of interest to the members. 

The number of branches at the end of the year 
was 170, being two less than in 1877. —— 
the lodge returns there were 18,584 members, but 
the secretary points out that 1248 had their travel- 
ling cards out when the return was made up, so that 
there were 19,852 members on the books, an in- 
crease over 1877 of 172, after allowing for deaths 
and exclusions; 1730 were admitted during the 

ear, and 1558 left the society. The report says: 

uring previous times of depression, members 
seceded from the society in large numbers, but the 
steady increase of its members in such times as 
these is a proof of its value. It is stated that fully 
three-fourths of those working at the trade are 
members of the association. 

The total income for the year was 47,809/. 3s. 8d., 
“ being the largest sum ever received in any year of 
the society’s existence.” ‘The sources of revenue 
are thus given : Contributions, 40,567/. 14s. 6d. ; 
entrance fees, 1110/.; bonus levies (accident) 
1890/. 178. 44; dispute levies, 2767/. 7s. 5d. ; fines, 
230/. 7s. 4/.; bank interest, 385/. 14s, 11d. ; income 
from sale of reports, rules, cards, emblems, &c., 
651/. 19s. 9d.; cash returned under various heads, 
149/. 16s. 7d.; the rest was made up of small 
items. The total expenditure for the year was 
56,5702. lls. 8d., being 8761/. 8s. in excess of the 
income, The following amounts were paid away 
for purely benevolent purposes. 


a  @ @ 
Sick pay and medical attendance 14,631 12 4 
Feu money, members and 
their wives a on ioe 2,137 2 3 
Superannuation allowance . 1,324 1 0 
Accident benefit, total or partial 
disablement... fan one 1,800 0 0 
Benevolent grants to distressed 
members, widows, &c. pee 985 10 1 
Out of work benefit, and travel- 
ling relief and fares ... ws 21,888 14 9 
42,267 0 5 


The sums spent in 1877, under 
the same , amounted to 33,060 4 11 


The total amount expended in strikes or labour 
disputes last year, was 6966/. 12s. 3d., in addition to 
which 30/., out of the 50/. voted to other trades, 
were for the same object. In 1877 the sum of 
13,8052. Se. went in strikes, nearly the whole of 
which was incurred in connexion with the “ great 
strike and lock-out on the Clyde.” 

Numerous details of the other portion of the ex- 
penditure are given in the report. The several 
items constituting the cost of management may be 
grouped and summarised under the following heads: 





2 «8 4d. 
Rent of club rooms, and halls a So 
for meetings... as ae 
Salaries : 
Secretaries, 170 branches, with 
extras for special returns... 917 6 
Presidents and vice-presidents, 170 
of each ... ian in ‘nn 238 0 0 
Treasurers, inclusive of time 
‘es io tw wo 1 14 6 
Trustees, banking, and other ex- 
penses ... see gue ae 141 4 0 
Sick stewards and visiting guar- 
ope a on me ase 362 6 #1 
Auditors, including special audits 
MH i < ra 260 9 4 
e expenses, including su 
sidiary officers sas ove a 900 15 10 
District committees, delegations, 
&c., including pay, fares, and 
expenses... eve om - 1508 14 
Lodge committees on general and 
special ye Seal 135 13 7 
Missions on ial an 
busin fF ‘ail eve 164 0 9 
Stationery, , boxes, postage, 
telegrams, money orders, &c. 338 15 10 
Legal costs and prosecution ex- 
ss ee een ie lll 8 8 
gate and special meetings, 
fli pinion, Ee. ase ese 18 15 8 
5858 6 € 


In addition to the foregoing items, which have 
reference to lodges only, the following amounts 
from the executive council's accounts must be placed 


to management expenses : 





£ s. d. 
Council meetings, 4706 hours at 
6d. per hour «2 =a ua 117 13 0 
General secretary, 1561., as- 
sistant, 527. __... <¥ me 28 0 0 
Treasurer, auditor, chairman, 
and i tions oH 145 6 
Rent, rates, and taxes, gas, coal, 
cleaning, and repairing offices 72 #1 8 
Printing, stationery, postage, 
and parcels hen al a Se: ee 


16145 5 1 

Making a total of 7473/. lls. 7d. From this 
amount must be deducted 651/. 19s. 9d. sale of re- 
ports, rules, cards, &c., which leaves 6821/. 11s. 10d., 
or something over 14 per cent. of the income. The 
entire cost of the general office, inclusive of every- 
thing appertaining specially to it, was 400/. 1s. 2d. 
The printing and stationery account includes cost of 
80,122 annual and monthly reports, and 139,837 
copies of other kinds of books and printed matter. 

e remainder of the expenditure is made up of 
miscellaneous items and petty cash payments; the 
only sum which calls for any remark is defalcations 
—128/. 9s. 2d.—but this is exceptional. 

The balance in hand on the 3lst of December was 
28,5197. Os. 2d.; the decrease on the year being 
8761/. 8s. But the arrears (5340/. 4s. 7d.) makes 
the total worth of the society, exclusive of lodge 
property, 33,859/. 4s. 9d. The cash balance is thus 
deposited: Post Office and mercantile banks, 
13,3877. 6s. lld.; Mersey Docks and Harbour 
Board, 8000/.; Rochdale Corporation, 7000/., the 
remainder—131/. 13s. 3d.—being held by the com- 
mittee and treasurers. 

The total payments for the several benefits during 
the past twelve years, 1867 to 1878 inclusive, are 
thus summarised : 





Sick benefit—l1ls., 58. 6d., or 4s. per £z 

week when unable to work ... - 75,528 
Fun — members and members’ 

wives ... al ‘~ we i 17,352 
Surgeons—medical examinations, at- 

tendance, &c. ... one ae ~~" 22,613 
Accidents—total or partial disablement 6,100 
Super ti 4s., 5s., or 6s. per 

week — to membership 12,771 

| These three benefits | 


represent payments 


Travellers | 77,880 
Homedonation, {00ut-of-wor mem, { 14,179 
Fares to jobs include strike pay 

of any kind J 


Total for benevolent purposes... 227,308 
Total for disputes in twelve years 32,694 

In addition to the foregoing amounts 9455/. have 
been distributed, under the head of benevolent 
grants to distressed members, widows, and orphans ; 
and 2432/. voted to other trades when in difficulties. 

The income and expenditure of the executive are 
detailed with extreme minuteness, the items of 
which cover five pages ; a summary is given under 
the head of management. The death roll gives the 
names of 244 members and wives, with the certified 
cause of death, age, &c., in each case. Disease of 
the heart and lungs carried off by far the greater 
number. 

Towards the end of the report an exhaustive 
table is published, showing the wages of each class 
of workmen, and the number of working hours, 
summer and winter, in all the shops and yards in 
the trade where the members of the society are em- 
ployed. The wages vary from 2/. 2s. per week for 
Al smiths to 17s., which is the lowest rate for 
*holders-up.” The working hours range from 51 
to 554 per week ; the longest number of hours are in 
Her Majesty's dockyards. The general average of 
working hours is 54 per week. A list of all shops 
and yards is also furnished for the convenience of 
travellers when seeking employment. 

With regard to the depression in trade the report 
states that it is unpesetiahed in the history of the 
society. Itsays: ‘Since the commencement of our 
association we have passed through several seasons 
of depression, but we have never experienced any 
equal to the present in intensity or duration. The 
decline commenced with us in the early part of 
1874, and from that time until now there has been 
a downward tendency.” on of the long hours 
worked on the Continent report says: ‘* They 
have not improved trade, but they have impoverished 
a 

e cry for reciprocity is deprecated, but a 
better arrangement in connexion with the commercial 
relations of this country with Continental nations 
is advocated, in the hope that those nations will 





ultimately t our free-trade views. The ex- 
penditure of 140,000,000/. per annum on intoxi- 
cating drinks is stated to be one amongst the many 
causes of the — depression in trade, One of 
the rules of the society may be quoted as having 
an important bearing on this point, in so far as it 
concerns its own members, Rule 27, Clause 4, 
says : ‘‘ Any member losing his employment through 
drunkenness or other disorderly conduct, shall not 
be entitled to the benefits of travelling or home 
donations or relief until he has again been in em- 
ployment six weeks.” 

The report will compare not unfavourably with 
those of the other two trades whose accounts have 
been analysed in these pages, in matter, manner, 


and arrangement. 





THE ELECTRIC LIGHT AT THE 
KENSINGTON MUSEUM. 

Wir the object of ascertaining the extent to 
which electric illumination is applicable to the light- 
ing the picture galleries and art collections at the 
Kensington Museum, a number of experiments 
under the direction of Major Festing, R.E., have 
recently been carried on by the Committee of Council 
on Education, and on the evenings of Saturday and 
Monday last an experimental lighting of the Art 
Library was made which was to a certain extent of 
a public nature, from the fact that the trials were 
made when the public was admitted to the Museum, 
and when the ienay was open to readers. 

The system which is being tried for this purpose 
is that of Mr. Werdermann, and, as far as the ex- 
periments have gone, it shows very promising re- 
sults, It is difficult to imagine a more severe test 
for any system of illumination than that of a public 

ing-room, more especially one devoted to the 
study of art. For any sort of reading it is abso- 
lutely indispensable to have a steady and efficient 
light, the slightest flickering, fluctuation, or inter- 
mittent character of the light would be intolerable, 
and what is wanted for general reading is necessary 
to a still higher degree for the consultation of works 
of or upon art. One student may be studying the 
delicate gradations or balancing of light and shade, 
another the subtle qualities of tone and colour, a 
third may be examining or copying elaborate designs 
in delicate outline, while another may be making 
the object of his study the breadth of effect and 
harmony in colour which have characterised the 
works of some of the test masters. For each 
and all of these users of the art treasures at South 
Kensington, a good light, in every sense of the 
word, is absolutely essential, and we think it may 
be taken for granted that a light which will stand 
the test of a trial in an art reading-room, will be 
especially applicable to picture galleries and col- 
lections, such as form the wealth of the National 
Art Museum, 

The lamps arranged by Mr. Werdermann for this 
experiment differ but little from those usually em- 
ee in the Werdermann system, which may be 

ooked — as holding an intermediate position 

between the system of lighting by incandescence and 
those of illumination by the electric arc. The cha- 
racteristic feature of the Werdermann system 
consists in the very great difference in size between 
the negative and _— carbons, the former being 
a flat horizontal disc or plate of carbon against the 
centre of which is pressed from below the point of a 
thin vertical carbon pencil which forms the positive 
electrode, and which is drawn upwards by a de- 
scending weight of about a pound and a half attached 
to its lower extremity by means of cords passing over 
pulleys placed above. When an electric current of 
sufficient strength is transmitted through this appa- 
ratus, the end of the fine carbon wall which is in 
contact with the negative disc, glows with in- 
candescence as a platinum wire would do, producing 
a soft, steady, and brilliant light, and this is further 
increased by a brush-shaped ‘‘ arc” which is formed 
around it. This combination of both arc and in- 
candescent carbon is, we believe, the principal cause 
of the great steadiness of the light produced by this 
system, and it may, we think, explained as 
follows: The end of the small positive carbon, 
which is continually being burnt to a point, 
is of too small a sectional area to act as a 
conductor for the = of the ee and = 
excess can only ing away from it in the 
form of an arc prude that which is actually trans- 
mitted by this carbon producing the incandescent 
ight glowing within the arc, The mutual balancing 

the two routes for the current, namely, that 
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through the carbon pencil and that through the 
brush discharge, constitutes, if this view of the 
phenomenon be correct, an automatic regulatin 
system by which the intensity of the light emitted 
is maintained constant. If less of the current 
escape by discharge, the illuminating power of the 
arc will diminish, but, at the same time, in con- 
sequence of a larger proportion of the whole current 
being compelled to traverse the carbon pencil, 
the latter is rendered more highly incandescent, 
producing a greater intensity of light, which makes 
up for that lost in the arc; and, again, if through 
imperfection in the carbon pencil, or any other dis- 
turbing cause, a variation should occur in its con- 
ductivity, the light from incandescence will vary 
accordingly, but, at the same time, the are will vary 
inversely ; in other words, with a given current 
when the arc is at its maximum, incandescence is at 
its minimum, and the two vary inversely in propor- 
tion, the result being the production of an electric 
light which is remarkable for its steadiness. 

Mr. Werdermann’s system differs from other 
systems, sub-dividing the electric light, in two other 
important points, first, in the arrangement of the 
circuit when two or more lamps are in use, and 
second, in the quality of electric current employed. 
In most systems in which several lamps are illumi- 
nated by the same current they are connected to one 
another in series, that is to say, with a set of six 
lamps, the positive terminal of the machine is con- 
nected to lamp No. 1, No. 1 is connected to No. 2, 
2 to 3, and so on, the last lamp being connected to 
the negative terminal, and this is the arrangement 
adopted in the Jablochkoff, Wilde, Rapieff, and 
Lontin systems. In the Werdermann system the 
lamps are nearly always —— in what is called 
parallel or derived circuit, all the upper carbons 
being connected together and to the negative ter- 
minal of the machine, and all the lower carbon 
pencils being connected together and to the positive 
terminal; and in order to render the total resistance 
of each derived circuit the same Mr. Werdermann 
so connects the lamps to the two leading wires from 
the machine that the first lamp on the positive wire 
is the last on the negative, the second on the positive 
being the last but one on the negative, and so on, 
the length of the circuit through each lamp measured 
from one terminal of the mavhine to the other being 
exactly the same. 

It will at once be seen from so many routes being 
open to the passage of the current that high electro- 
motive force is not so necessary as great quantity, 
and Mr. Werdermann employs for his electric 
generator what is called a ‘‘ quantity” machine, 
generally one of M. Gramme’s construction, such 
as is made for the purpose of electro-plating, and 
this produces far more economical results than 
machines of higher electro-motive force connected 
to the lamps in a different way. 

The Art Library at the Kensington Museum 


consists of two rooms, in each of which are fixed four. 


Werdermann lamps, each mounted on a brass 
standard or lamp put about § ft. from the floor. 
The direct light is shielded from the eyes by asmall 
opal glass ‘+ dish,” such as used with the well-known 
Sugg argand burner, and above the lamp is fixed a 
large circular disc of paper, which, catching the 
greater part of the luminous rays that would be lost 
by being thrown upward to the ceiling, distributes 
them as a soft, pleasant, and purely white light over 
the tables and book-shelves with which the rooms 
are fitted. 

The electric generator employed is one of the 
early and obsolete Gramme lighting machines driven 
by one of Crossley’s very beautiful Otto silent gas 
engines of eight-horse power, of which it absorbs 
about four and a half horse power, and consuming 
about 250 cubic feet of gas per hour. Nothing 
could be much more disadvantageous for demon- 
strating the Werdermann system than the generator 
employed, and which was the only apparatus obtain- 
able for the experiment. In the first instance this 
machine, interesting chiefly for its antiquity, is very 
low in efficiency, absorbing far more power in pro- 
ducing a given current than the more perfect 
machines of Siemens and of Gramme, and secondly, 
being a lighting machine it is ill fitted for working 
the Werdermann system for the reasons given above; 
and as it does not produce electricity in sufficient 
quantity to illuminate the lamps in several derived 
circuits, that arrangement has had to be dispensed 
with, and the lamps are all connected in series, by 
which their illuminating efficiency is much impaired. 
With all these drawbacks, however, the lamps on 
both occasions of trial worked admirably, shedding 





a brilliant white and well-distributed light over the 
tables and book-shelves, and one which appears to 
be perfectly steady and continuous. 

The eight electric lamps take the place of thirty 
argand gas burners, consuming in the gate 
150 cubic feet of gas per hour, so that with the pre- 
sent wasteful and inefficient generator the cost of 
the electric light exceeds that of the gas lamps by 
100 cubic feet of gas hour, With, however, an 
induction machine suitable to the system there can 
be no doubt that, from an economical point of view, 
it will be shown that the electric light on this sys- 
tem will be as superior to gas illumination as it un- 
doubtedly is for perfection of illuminating power. 

The department is entitled to the highest public 
support and approbation for their scientific enterprise 
in taking a lead in making such interesting and 
valuable trials, and we must congratulate Mr. Wer- 
dermann on the success with which his system > 
pears to triumph over what might have been thought 
insuperable obstacles. A system which fails when 
its proper conditions are not fulfilled has the best 
of excuses to offer, but one which succeeds not- 
withstanding the most serious departure from its 
requirements is entitled to something more than 
commendation. 





THE LATE MR. W. FROUDE, F.R.S. 

In our brief notice of the death of Mr. Froude,* 
we expressed our intention to dwell at some length 
on the scientific and experimental work he had ac- 
complished at different times, and especially on his 
wonderful contributions to our knowledge of those 
higher branches of naval architecture which relate 
to the behaviour of ships, their propulsion, and the 
laws of fluid resistance. connexion with these 
subjects Mr. Froude’s name will be imperishable. 
His work on either one of them would, as we 
said formerly, have left his name in the front 
rank among the men of science who have turned 
their attention to naval matters, and this is 
saying a great deal. The rolling of ships among 
waves occupied the attention of Bougier, 
Leonard Euler, Daniel Bernouilli, Don Juan, and 
others, down to the time of Canon Moseley in re- 
cent years, and yet all of them had been hopelessly 
in error, none of them had grasped the great prin- 
ciple that lies at the root of the whole matter, and 
it was reserved for Mr. Froude in his great paper 
‘On the Rolling of Ships,” read in 1861 before the 
Tnstitution of Naval Architects, the first of a series 
of great papers by him, to establish the true theory 
of rolling among waves, which so many eminent men 
had striven in vain to master. 

This paper led to an entire revolution in the 
accepted ideas on the subject, and opened a new 
era of investigation on matters relating to the 
behaviour of ships. Some, of course, did not accept 
Mr. Froude’s theories of rolling at once, and, indeed, 
as we shall see hereafter, some of the highest 
authorities, those most imbued with the ideas 
inculeated by the old writers, combated his views 
for some few years before cordially accepting his 
theory. 

Again, on the subject of screw. propulsion, and 
especially on the resistance of ships and other 
floating bodies, Mr. Froude’s investigations, or 
rather, we should say his discoveries, have been of 
the most startling and important kind. Here again 
he may be said to have created an entire revolution 
in men’s thoughts, and, indeed, to have materially 
affected the whole basis and foundation of the theory 
of hydrodynamics. The proof of his great influence 
is that men who write on these subjects now in 
connexion with naval architecture do little else, and 
for the most part can do little else, than dress up 
Mr. Froude’s views and investigations in language 
of their own, and even this latter task is not always 
an improvement, owing to the peculiarly apt choice 
of words Mr. Froude usually employed in enuncia- 
ting any of his great principles. No one evér looked 
on more uncomplainingly at being ‘‘ adopted” than 
Mr. Froude did, though anecdotes are not wanting to 
show that it had for him a humorous side. How- 
ever, now that Mr. Froude has passed away, it must 
be the wish of every one that his works should be 
collected and arranged in a form suitable for publi- 
eation by some one having a due regard for his 
memory. 

A faithful record of Mr. Froude and his works, 
his investigations and his experiments, would be. a 
monument to the world of a patient search after 
truth, such as has seldom been witnessed. In him 


* See ENGINEERING, page 462. 








the power of generalisation, although strong, was 
kept in strict subordination to facts, and to 
facts multiplied at every turn by accurate experi- 
ment for the purpose of verification. The minute 
scrutiny, the ticism as it were, with which Mr. 
Froude examined every step he took in establishing 
a new law, was one of his most striking cha- 
racteristics, and it was, we believe, one of the 
secrets of his great success, ially on the subject 
of fluid resistances. ‘This hesitation and his extreme 
caution could not have arisen from want of confi- 
dence in his own reasoning powers, for once the 
proof was complete no one could push the theory 
more boldly to its legitimate conclusions than did Mr. 
Froude, but it had the effect of enabling him to 
unravel one of the most subtle and intricate problems 
ever attempted, viz., that of fluid resistances, anda 
subject especially on which almost every one has 

me astray who has attempted to generalise upon 
it. When we remember that Mr. J. Anthony 
Froude, the distinguished historian, survives his 
brother, the subject of our notice, and when we 
know that Mr. Froude leaves a son possessing much 
of his late father's mathematical powers, and who 
shared his labours and his experimental researches, 
we cannot fail to hope that a fitting record of his 
life and work will be undertaken as a labour of love. 

We mentioned in our previous notice that Mr. 
Froude had been en for a number of years 
on the staff of the late Mr. I. K. Brunel, C.K., and 
that during this period he commenced his investi- 
gations respecting the behaviour of ships. As a 
matter of fact it was in connexion with the exten- 
sive ideas which led Mr. Brunel to the design and 
construction of the Great Eastern, that Mr, Froude 
first took the subject up, at the request of Mr, 
Brunel, and it is well understood that many lines of 
thought which were not fully demonstrated until 
some years afterwards, were conceived during this 
early period of his labours, ‘To fully appreciate the 
great work achieved by Mr. Froude, it is as well to 
glance briefly at the condition of the theory of 
naval architecture at the time he advanced his 
theory of the rolling of ships in 1861 before the 
Institution of Naval Architects, and this can best 
be done by reading Dr. Woolley’s interesting paper 
‘* On the present State of the Mathematical Theory 
of Naval Architecture,” laid before the same institu- 
tion in 1860. ‘The conception of the behaviour of 
a ship in troubled water had till then reached little 
further than the assumption that the ship received 
a succession of blows as the waves passed ay which 
modified her still-water oscillations. Deep rolling 
was supposed to be closely associated with the 
distance of the centre of gravity from the load water 
—: and uneasy motion with the differences 

tween the wedges of immersion and emersion, or 
on the relative positions of the centres of gravity 
of these wedges. It was said whatever tends to 
ease of motion in still water will tend likewise to 
the same result among waves, a proposition true 
enough in itself but one whose importance was 
enormously magnified so long as we were in darkness 
on the theory of rolling among waves. And in the 
same way all the still-water properties of a sbip 
were abuormally magnified in importance before 
1861. The ideas peony | on the subject of 
resistances we shall refer to hereafter. At the 
second session of the Institute of Naval Architects, 
on March 1, 1861, Mr. Froude, as we have said, 
read his first great paper ‘‘On the Rolling of 
Ships,” the paper with which his name has chiefly 
been associated, and for originality and truth of 
conception, depth of research, and completeness of 
demonstration, it has scarcely, if ever, been sur- 


Mr. Froude discarded the whole theory based on 
the waves striking the ship a series of Pen and 
proceeded to inquire— 

‘*What attitude does the ship, at each instant, 
seek to occupy in reference to the wave on which 
she floats, and what measures the force which urges 
her to take that attitude, or, to speak mcre strictly, 
what is the position of momentary equilibrium for a 
body floating on a wave, and what accelerating 
force towards that position will the body experience 
in terms of her momentary deviation from it ?” 

To this inquiry Mr. Froude furnished an answer. 
He showed that a vessel floating broadside on to a 
series of waves had a tendency at each moment to 
place her masts at right angles to the surface of the 
wave, or rather to the mean effective slope of the 
wave, He proceeds: “Jt follows, further, that 
when the ship at any moment deviates from this 
position, the effort by which she endeavours to con- 
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form herself to it depends on the momentary angle 
of deviation, in the same manner as her effort to 
assume an upright position, when forcibly inclined 
in still water, depends on the angle of inclination. 
Hence her stabilit , i¢., her effort to become ver- 
tical in still water, measures her effort to become 
normal to the waves in undulating water; and 


hence, just as when the ship floats in still water, | pe 


this measure of the effort, changing with her changes 
of inclination, combined with the measure of her 
‘moment of inertia,’ serves to determine her period 
of oscillation; so when she floats in waves, the 
effort, similarly measured, and pangs not only 
with her own changes of inclination, but also with 
those of the travelling wave surface, serves to de- 
termine the successive changes of position which 
she will then experience.” Speaking of the diffe- 
rence he conceived to exist between his method of 
viewing the subject and that previously held as ex- 

ounded by Dr. Woolley the previous year, Mr, 
‘roude says in a foot-note to his paper, ‘‘ He (Dr. 
Woolley) seems to look to the effect of waves as 
striking a ship, and giving motion to her by the 
blow; while the basis of the view here brought for- 
ward is the idea of the ship as moving bodily wits the 
wave, and virtually forming part of it, so that her 
oscillations are secondary or derivative results, 
governed by forces which the compound motion 
implies and expresses. I do not deny that occa- 
sionally, and under peculiar circumstances, a wave 
may strike a ship and produce formidable effects. 
But I conceive that the ordinary and principal 
phenomenon of rolling are practically independent 
of such a consideration.” 

These quotations show better than words of our 
own could do the fundamental principle on which 
Mr. Froude’s theory of the rolling of ships among 
waves was based, and the difference between it and 
the previously recognised theories on the subject. It 
is not our purpose to go over the whole of the steps 
by which Mr. Froude established the proposition 
that when a ship is among waves the position of 
momentary equilibrium is when her decks are 
parallel to the wave slope, and that when notin this 
position her stability is nk exercised in the effort 
to reach this position. Few, however, will forget 
the experiments described in support of it. Mr. 
Froude explained that a properly constructed float, 
which would carry a marble or a bullet in barely 
stable equilibrium when floating level on still water, 
would carry it also without disturbance when float- 
ing inclined on the steepest wave slope. He ex- 
ne pp that it had been verified by a floating spirit 

evel ; and described an experiment with a plumb- 
bob suspended to an oblique mast over the centre 
of a small raft, on which the bob remained central 
and square to the raft, however steep the wave slope 
on which the raft was floated. 

Having established the theory as to the direction 
of equilibrium among surface ticles, it became 
necessary to know more exactly the form of the 
wave and its features below water in order to frame 
an equation representing the movements of a ship. 
The true equation of an oscillating wave was not 
however known with certainty at that time, and 
although there were good reasons for believing that 
these waves were trochoidal in form, Mr. Froude 
took, for very good reasons which he explained, the 
‘curve of sines as approximately representing the 
shape of large and uniformly-recurring ocean waves,” 
Assuming then that the size of the vessel was small 
compared with the size of the wave, that the statical 
stability varied as the angle of heel in still water 
and as the angle of heel from the wave normal in 
undulating water, and that the equations to the 
curve of sines represented the wave form, Mr. Froude 
had materials enough to solve the equation for the 
ship's motion, or at least of what her motion would 
be supposing there were no external resistances to 
rolling of the passive kind, such as arises from keels 
and bilge keels or the form of the sections. These 
were the first equations ever published for the 
motion of a ship among waves based upon anything 
like sound principles, 

Perhaps of not less interest than the general equa- 
tions were some particular cases deduced by Mr. 
Froude, and notably the one by which he showed 
that ‘ at each successive wave hollow and wave crest 
the range of the oscillation will be augmented by a de- 
finite amount of angle, namely, « x half the maximum 
o- of the wave, so that, but for friction of surface 
and keel resistance, a ship laced broadside to waves 
which have her own periodic time must ultimately 
roll completely over, however small the wave 
may be.” It should however be remarked that the 





danger of cumulative rolling arising from synchro- 
nism between the period of the ship and the wave 
had been dwelt on by the older writers, and would 
of course arise as a natural inference from consider- 
ing the effect of the waves as a series of blows. 

Another special case es at that time by 
Mr. Froude was one in which the ship’s natural 
riod differed somewhat from that of the wave, but 
in which the relation between the two was such that 
the ship was constrained to keep time with the 
wave. 

The point however connected with rolling which 
still presented difficulty, and that of a formidable 
kind, was to ascertain how far the results indicated 
by Mr. Froude’s equations would be modified in 
practice by the resistance which a ship offers to 
rolling through the disturbance of the water around 
her and through masses of water being set in motion 
by the keel, bilge keels, deadwood, and such parts 
of the vessel. 

Mr. Froude fully realised these difficulties and in- 
dicated the direction in which a solution should be 
sought, and experiments should be made—a branch 
of the subject which he afterwards followed up with 
satisfactory results, 

It would be difficult to convey a full and correct 
idea of the way in which this paper of Mr. Froude’s 
was received by the world of scientific naval archi- 
tects, and those who had given thought to the sub- 
ject of the rolling of ships. It received but slight 
discussion at the meeting of the Institute of Naval 
Architects where it was read, or rather where the 
substance of it was explained by Mr, Froude. Canon 
Moseley, at the time perhaps the highest authority 
on questions of stability, was in the chair, and 
offered a few observations, and Mr. Scott Russell 
also offered a few complimentary remarks, but the 
paper was so bold and original in its grasp, and 
apparently so exhaustive in its treatment, that it 
required thinking over before it could be fully ac- 
cepted or adequately discussed. ‘Time and thought, 
and observation have since amply shown the truth 
of Mr. Froude’s general views and investigations, 
and have demonstrated what was at first suspected 
by only a very few, that we had done with the old 
theories and were entering on an entirely new field 
of thought. 

As we have referred to the brevity of the dis- 
cussion on this paper it is only right to add, what is 
also stated in a foot-note in the ‘Transactions of the 
Institution of Naval Architects, that the paper 
as laid before the meeting was not so elaborate and 
complete as it is there printed, it having been 
revised and extended afterwards; but had it been 
read complete as it stands it would have been 
equally impossible to discuss it off-hand. 

To see the fruit it bore we have to follow through 
the succeeding volumes of the Transactions of the 
Institution of Naval Architects for several years 
after 1861, the series of brilliant investigations that 
were embodied in papers read before the annual 
meetings of that Institution. In the year following 
Mr. Froude’s paper, we have a paper “On the 
Rolling of Ships,” by Dr. Woolley ; one ‘‘On Mr. 
Froude’s Theory of Rolling,” by Mr. J. Cross- 
land; ‘* Remarks on Mr. Froude’s Theory of the 
Rolling of Ships,” by Professor W. J. Macquorn 
Rankine, and two Appendices by Mr. Froude to 
his paper ‘‘On the Rolling of Ships,” read the 
previous year. And several succeeding years are 
equally fertile in the literature of the subject. 

Professor Rankine cordially accepted the prin- 
ciple of Mr. Froude’s theory of rolling, and indeed 
threw the grand reasoning powers of his mind, and 
almost unrivalled mathematical resources, into the 
subject with such force and energy as threatened 
fora time to eclipse even Mr, Froude himself. Mr. 
Froude’s conception of rolling among waves was 
placed by Professor Rankine in a particularly strik- 
ing form, in the paper mentioned above, and an ex- 
tremely elegant solution was furnished by him of 
the problem in connexion with the trochoidal form 
of wave. Year after year from this time Mr. 
Froude and Professor Rankine pushed their investi- 
gations onwards often almost on parallel lines; and 
the Transactions of the Institution of Naval Archi- 
tects owe in no small degree the high position they 
occupy among scientific men to their splendid 
labours in this field of thought. 

Mr. Crossland also fully accepted Mr, Froude’s 
theory, and started to work it out and demonstrate 
it, commencing from first principles, and following 
a line of thought entirely his own, each step being 
simple and sure, he arrived at equations differing 
but slightly from those of Froude and Rankine. 





Mr. UCrossland’s paper fully justifies the statement 
of Mr. Froude that it was “full of original thought.” 
It is much to be regretted that Mr. Crossland, who 
alone in the Admiralty has shown any marked capa- 
bility for profound research, did not follow up his 
investigations, as they could not fail to have been 
of the utmost value to his profession and to science, 

Dr. Woolley, however, did not accept the theory 
of rolling among waves propounded by Mr. Froude, 
and argued strongly against its sufficiency in the 
paper mentioned above. Toappreciate fully the im- 
a of Mr. Froude’s work at this period, and to 

ustrate the difficulty of grasping the great 
principles which underlie his theory of rolling, it is 
necessary to dwell for a moment on Dr, Woolley’s 
dissent from it. Dr, Woolley from his position at 
that time carried great weight on questions of this 
nature, and indeed as an authority was second only 
to Canon Moseley. 

Canon Moseley, as we have mentioned, gave but a 
very qualified approval of the theory, but caution 
was obviously necessary immediately after hearing 
the paper read. Dr. Woolley’s dissent came the 
following year, in a carefully prepared paper, and 
hence isa fair subject for criticism, especially as the 
error into which he fell is one that any one en. 
deavouring to grasp the principle for the first time is 
liable to drop into, and it should therefore be pointed 
out to be avoided. 

Dr. Woolley said : ‘‘ Against one conception of the 
vessel’s motion no possible objection can be raised, 
It must, at all events, in one mode of viewing it, 
be allowed to be a heavy body, acted on only by 
gravity, and by the resultant pressure of the fluid 
in which it floats. The question is how far, and in 
what way, this latter force can be taken iato account, 
and its combined action with that of gravity be 
estimated. Now it seems to me certain that its 
direction at any point on the slope of awave cannot 
be vertical, and that in consequence there will 
always be some unbalanced force which will cause 
motion. Mr. Froude thinks that when a body of 
any kind floats on a disturbed fluid, it will necessarily 
accept the dynamical conditions of the fluid itdis- 
places ; so that if it would float with a certain line 
vertical in an undisturbed fluid, it will float with the 
same line inclined to the mean direction of the 
normal to the surface when floating on a wave. This 
supposed hydrodynamical law he thinks established, 
not only by the reason of the case, but by an ex- 
periment of which he gives a brief account. This 
experiment [ cannot by any means consider sufficient 
or conclusive. A thin light float could not occupy 
any other position than that which it did during the 
experiment ; and the perpendicularity of the string 
with the weight attached might have arisen from 
some other cause. In fact, according to Mr. 
Froude’s own theory, the pendulum ought zof to 
have taken the direction mentioned, but should have 
oscillated just as a ship similarly circumstanced 
would have done. Moreover, no arguments, [ 
think, can be deemed conclusive which are founded 
on experiments made either with small floats or with 
long thin boards.” 

Dr. Woolley then goes on to say that if a vessel 
bearing some such proportion to the waves to which 
she is exposed, as a real vessel does to the waves of 
the ocean, should have a string attached to a mast 
of considerable height with a heavy weight below, 


jand be then subjected to the action of the waves 


to which it is proportioned, and if in such a case the 
pendulum string should always remain perpendicular 
to the mean surface of the wave, some confirmation 
might be so given to Mr. Froude’s interpretation of 
the laws applicable to this case. 

Another difficulty with Dr. Woolley is shown by 
the following extract from his paper: ‘ Allowing, 
for the sake of argument, that a solid which should 
float on a wave so as to be just immersed would 
accept the dynamical conditions of the water dis- 
placed by it; just as in still water, the immersed 
solid accepts the statical conditions of the displaced 
fluid ; yet, according to Mr. Froude, this condition 
is accepted not only by the solid immersed, but by 
all that large portion which lies above the wave. 
His theory evidently assumes that the resultant of 
the water which may be allowed to act in the direc- 
tion of the mean normal on the ship is opposed by 
an equal and opposite force created by the ship.” 
Dr. Woolley was not prepared to accept this broad 
statement as a complete account of the problem, 
and rather inclined to believe that there is no posi- 
tion which, under the assigned circumstances, can 
be properly and strictly called a position of equili- 
brium, but be thought that in the absence of a more 
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satisfactory theory Mr. Froude’s “speculations” 
were of great value. 

Mr. Froude’s reply was most complete. Dr. 
Woolley had obviously ieft out of sight the fact 
that the ship herself while moving with the wave 
rises and falls and sways backwards and forwards, 
the centre of gravity describing in fact more 
or less nearly a circular orbit, and that the centri- 
* fugal force so developed had to be combined with 
gravity, thus giving the oblique resultant of the 
pressure of the ship on the water, corresponding 
to the oblique reactions of the water on the ship, 
or its buoyancy, normal to the effective wave slope. 
The statement that “it must, at all events, in one 
mode of viewing it be allowed to be a heavy body 
acted on only by gravity, and by the resultant pres- 
sure of the fluid in which it floats,” was therefore 
inaccurate to start with. There was the resultant 
of gravity and centrifugal force towards the water, and 
the resultant of the fluid pressures in the opposite 
direction, and these were shown by Mr. Froude to 
be normal to what he termed the mean effective 
wave slope. Mr. Froude also explained that in an 
experiment with a vessel such as Dr. Woolley ré 
commended, the plumb-bob could not possi 
retain its central position on the slope of a wave, 
because of the oscillations that would be set up in 
the vessel, and showed that by the theory the pen- 
dulum could only be expected to show this remark- 
able phenomenon of remaining central when the 
raft was of a form to follow axa the wave ny 3 
He said: ‘‘ The key to the difficulty which Dr. 
Woolley feels, lies, as he himself indicates, in a due 
appreciation of the manner in which it may be said 
that a ship floating on a wave accepts the dynamic 
conditions of the wave mass which she displaces, as 
compared with that in which when floating in still 
water, she accepts the statical conditions of the un- 
disturbed fluid which she displaces, In the latter 
case, if she is in the position of equilibrium with her 
mast vertical, she accepts those conditions simply 
and absolutely, and remains at rest; and it may be 
said truly that the conditions are accepted not only 
by that part of her body which is immersed, but by 
all parts alike. If she has been set in motion and 
is rolling in the undisturbed water, she accepts 
the conditions still, but she accepts them, it may be 
said, derivatively. Of the part of the body which 
is immersed, more than this cannot be said ; as much 
may be said, and may be said precisely in the same 
sense of the portions which are above the surface. 
And the result of the conditions thus operating is 
not quiescence, but motion; for what had been the 
position of rest, has now become only the position 
of momentary equilibrium; and the critical feature 
of the conditions which arises at the moment when 
the ship passes through that position is that her 
angular velocity is neither accelerated nor retarded, 


so that d*8 =0.” 


dt? 
that the only difference between the two cases is, 
that with still water the position of momentary 
equilibrium is permanent, the plane of the surface 
being undisturbed, while with waves, the position 
of momentary equilibrium is constantly changing 
with the changes of wave surfaee. 

In addition to successfully defending the funda- 
mental principles of his theory of rolling against 
Dr. Woolley, Mr. Froude gave the results of 
experiments with a simple pendulum oscillating 
under water, in verification of the scale of re- 
tardation he had given the year before for expres- 
sing the effect of resistance to a ship oscillating in 
still water. 

In one of the appendices added to Mr. Froude’s 
paper, which we have alluded to, the trochoidal 
wave theory was analysed, and he proved that this 
theory fulfils the geometrical and mechanical con- 
ditions necessary to the existence of waves of 
trochoidal form. This important step in advance 
in our knowledge of wave motion had been inde- 
pace worked out by Professor Rankine, and will 

e found recorded in the Transactions of the Royal 
Society soon after Mr. Froude’s investigations were 
laid before the Institution of Naval Architects. 

(To be continued.) 


He then goes on to explain 








BRITISH ASSOCIATION OF GAS 
MANAGERS. 
NEWCASTLE-ON-TYNE, Wednesday. 


_ Arter holding a series of annual meetings alternately | Co 
in London and in some provincial city or town in the 
kingdom, including Dublin and Edinburgh, the members 


on-Tyne, for the purpose of holding their sixteenth an- 
nual meeting. Though still very young, when compared 
with some of the other scientific and technical societies 
that occasionally or otherwise visit the provinces, this 
Association already occupies a very prominent position in 
the kingdom, of numbers a membership nearly 700 
strong, a large portion of which consists of the leading 
gas engineersand gas managers both at home and abroad. 
The gentleman who is this year occupying the post of 
honour, formerly filled with such great acceptance by 
Barlow and Hawksley, and other leading members of the 
profession, is Mr. William J. Warner, O0.E., for many 
years gas engineer and manager to the South Shields 
Gas Works, and past-president of the recently-formed 
but already very vigorous kindred body, known as the 
North of England Association of Gas Managers, at whose 
instigation, in a great measure, the present year’s meet- 
ing is being held in this town. When we consider the 
importance of Newcastle-on-Tyne as the head-quarters of 
the gas-coal trade of the kingdom, if not even of the world, 
it is rather surprising that it has not previously been 
chosen as the place in which to hold one of the provincial 
meetings of the members in their associated capacity. 
So far, the meeting has proved a remarkable success, 
alike as to the number of members attending from all 
the three kingdoms, the number and excellence of the 
papers prepared for it, and the attractions that are pro- 
vided by the local committee for the spetial benefit of 
the visitors and, to some extent, the guests. 

At the opening sitting yesterday, the members were 
heartily welcomed to the town by Mr. Alderman Robin- 
son, the Mayor of Newcastle—a courtesy which was to 
many quite unexpected, but not the less appreciated on 
that account, 

Mr. Warner made a few remarks in reply, and then 
went on to deliver his presidential address, which was 
one of a very high order. He rapidly passed in review 
the origin and progress of the Association, whose growth 
had far exceeded the expectations of all its friends, and 
had been a matter of congratulation for every President. 
Such arapid growth as it had had was indicative of 
great vitality. But the question presented itself—was 
the organisation such as to conserve the energies of the 
members in their associated capacity, to raise to the 
highest the status of the individual, and to develop to the 
fullest their knowledge and experience? For the purpose 
of such an inquiry it was necessary to see what were 
the means for professional advancement of the gas engi- 
neer, and what was the position of the gas manager at 
the time when the Association was founded; to as- 
certain what were the objects of the founders, what 
changes had since taken place, and what was their 
present position as engineers and managers. In follow- 
ing up the inquiry suggested by those points, Mr. 
Warner referred to the interesting fact that the year of 
the foundation. of the Association was the year of the 
jubilee of the first gas company that was established, 
namely, the Chartered. That was alsothe year in which 
the company in question first declared a 10 per cent. 
dividend. There were other circumstances of interest 
connected with the time referred to, which was, indeed, a 
period of great professional activity and of considerable 
public agitation, partly in consequence of the Great 
Central Company having just been established. Mr. 
Warner also made a passing note of the fact that the 
highly-gifted Lewis Thompson, who was then labouring 
as few have done, for the advancement of gas-lighting, 
was a native of the town in which the members were then 
assembled. He also glanced at the influence which the 
Association had exerted in the establishment of similar 
organisations in various parts of the kingdom and in 
foreign countries. After referring with some detail to 
those various cognate societies he spoke of the way in 
which they might be made to work in a concerted 
manner with what might be called the parent body, and 
to suggest such changes as he thought were necessary, 
in order to develop to the fullest the resources of the As- 
sociation or associations, and rapidly and materially raise 
the members as a profession. One of his suggestions 
was that the constitution should be so changed as to 
admit of associates, from which class, after giving proof 
of their qualifications, the members should be elected, 
whose position would then rest upon personal attain- 
ments, and not upon fortuitous circumstances. The 
Associatiou could then exercise an educational influence 
upon its members, and then, also, membership could 
precede an appointment, and be of real value to a candi- 
date. He trusted, likewise, that the question of pupils 
would also be dealt with in a formal manner at no distant 
date. As he thus most earnestly impressed upon his 
audience the necessity for the formation of a lower grade, 
so with equal earnestness did he recommend the desir- 
ability of opening the highest grade to the ordinary 
members. assing in review the question of legis- 
lation on gas matters, the President naturally came 
to that of electric lighting, and spoke at some 
length on the recently obtained information bear- 
ing upon the matter, and the evidence given 
before Dr. Lyon Playfair’s Committee of the House of 
mmons ; and he went on to say that the electric light 
asa system had been compared with gas-lighting, and 
remarked that if it ever became what some of its most 





of the British Association of Gas Managers are now 
gathered in strong force for the first time in Newcastle- 





enthusiastic manipulators believed of it—that, in simple 
language, wires might be laid through a house in such a 


manner that in any part of the system a suitable light 
must be evolved, then a fair comparison could be made, 
and, perhaps, to the advantage of the light. But that 
was not the system that was now against that of 
the gas managers, who ran pipes ugh a building, and 
from any point in the system did obtain light, of the 
smaliest desired amount, or in quantity to rival the 
electric light; and they did obtain heat of the most re- 
liable and constant character, and of any temperature. 
Further, they did obtain power that might be used to 
drive the most delicate machinery, or might be made to 
store up power for the mighty forces of the hydraulic 
press. But, to confine the matter for a moment to the 
light only, what did they see? A small aperture, and 
nothing more, from which the gas issued, and the light 
was evolved. Place against that the most simple electric 
lamp, and what else had they but—for practical domestic 
purposes—a complex philosophical toy. He did not wish 
to be misunderstood : he was speaking of things of every- 
day . life, and wished the electric light to be compared 
with their own beautiful system. Subsequently Mr. 
Warner spoke of the’ expense of the electric system of 
lighting, and compared it with that of gas-lighting, and 
then went on to remark upon the movement for inducing 
gas consumers to increase their consumption by the use 
of gas stoves for heating, cooking, &c., and of gas en- 
gines, and to a variety of other topics of great interest 
to the gas engineering profession. 

Mr. William Cowan, gas engineer, Edinburgh, after- 
wards read a most valuable paper on what is called 


“The Automatic Pressure Changer,” a beautiful e of 
mechanism which he has devised for ating the load 
and pressure of gas governors by water instead of metal 


weights. This it does by means of two revolving taps, 
the one to supply water to the governor for loading and 
putting on the pressure when actuated by the clock with 
which the mechanism is provided; and the other, a syphon 
tap for the withdrawal of the water from the governor 
bell, when it is desired to reduce the pressure. The 
tappets on the clock disc having been set to any par- 
ticular hour or minute, compress the levers of the re- 
volving taps, and allow water to run and load the go- 
vernor. When the desired pressure has been established, 
determined by the amount of weight put on the small 
gasholder, the gasholder disc revolves, and shuts. off 
the supply of water by means of a tappet. The same 
action is employed for reducing the pressure. Several 
demonstrations were made with the instrument by way 
of showing its mode of working and its effectiveness in 
action. A very interesting discussion followed, in the 
course of which the most unqualified admiration of it 
was expressed by several gentlemen who have either 
used it or seen it in operation, including the President, 
Mr. Corbet Woodall, Mr. Carr, of Halifax, Mr. Hunt, of 
Birmingham, Mr. Sugg, of Edinburgh, and Mr. F. W. 
Hartley, of London. Mr. Woodall, who has had one of 
the instruments on trial during three months, said its 
action was absolutely perfect ; and another speaker said 
in the purpose for which it was designed it would do 
anything that a man could do, anything you would tell 
it in short; and he also remarked that it was one of the 
most beautiful and ingenious instruments yet given to 
the gas world, 

A paper on “How can Gas Companies best Promote 
the Application of Gas for Heating Purposes,” was read 
by Mr. Thomas Travers, of Cork. It was an eminently 
interesting and practical paper, and led to an instructive 
discussion which brought out many facts, showing what 
progress the movement is making and what difficulties 
yet stand in the way of its further developmert, Ono 
gentleman remarked that his ccmpany had in four or 
five years invested as much as 7000/. in gas fittings which 
they hired out, one of them being a stove fitted for cook- 
ing for 300 persons. Inthe course of the day, a paper 
was read by Mr. Carr on a somewhat related subject, 
namely, “Gas Engines,” which was prepared at the 
special request of the governing body of the Association. 
In the course of his paper Mr. Carr gave a sketch of the 
leading principles of construction involved in the great 
variety of such engines now before the public and in 
actual use; and he gave some statistics bearing upon tho 
extent to which those motors have been manufactured in 
recent years. He also dwelt in some detail upon 
the points in the direction of which improvement has 
most recently been made, 

The leading paper read at yesterday afternoon’s sitting 
was one by Mr. Sugg, of London, on “ Lighting by Gas 
and Electricity,” the staple subject at all meetings of 
gas managers’ associations held during the past twelve- 
month. It brought together a very large audience, and 
although very long, it was listened to with great atten- 
tion and patience, from the fact that the author is known 
to be a great authority upon the subject which he under- 
took to discuss. Both the author and several other 
+ sages who took part in the subsequent discussion on 

e paper seemed to be quite convinced that light for 
light, and more especially as regards recent developments 
both in public and private illumination, gas had nothing 
to fear. Alike in the paper and the discussion, the evi- 
dence given before the Electric Lighting Committee was 
subjected to a keen but fair criticism, and it was shown 
to the satisfaction of the members generally that electri- 
city as a lighting t—even in public thoroughfares, 





open spaces, large halls, &c.—could not stand anything 
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like favourable comparison with gas. One speaker, how- 
ever, was very anxious to know if there was really any 
truth in the alleged possibility of dividing the electric 
light without any material loss of power ; because, if so, 
the gas industry was certainly in jeopardy. Mr. Peebles 
was of opinion that so long as Newcastle coal would hold 
out, so also would gaslighting; still, the electric light 
would fight hard and die game, if it died at all. But it 
was not good generalship to disparage an enemy ; and 
he urged that every possible improvement should be made 
in developing to the utmost the economic manufacture 
and the illuminating power of coal gas. 

In the evening an excellent lecture was delivered to the 
members on ‘‘ Practical Notes on Coal and Coal-Getting,” 
by Professor G. A. Lebour, F.G.S., the new occupant of 
the Geology Chair in the Newcastle College of Physical 
Science ; and a number of valuable papers chiefly bearing 
on engineering subjects have been read to-day, but our 
remarks upon them must be held over till next week. 


NOTES FROM RUSSIA. 

Baird's Steel C .—The newly opened works of 
this company, near St, Petersburg, commenced the roll- 
ing of steel rails. A Government order for a large 
quantity of steel rails is secured. The so-called Terre- 
Noire Siemens-Martin process is here used, as an alloy of 
silicon and manganese is introduced into the metal just 
before the casting. The moulds used for the rail ingots 
are of a conical shape with perpetual bottoms. The 
top diameter of the mould is greater than the lower one ; 
for taking the ingots out of the moulds, the latter are 
simply turned over. The whole plant of the works is 
admirably adapted for the manufacture of rails, which is 
conducted by French engineers in a very able manner. 
Steel projectiles were also cast experimentally ; the re- 
sults were brilliant, and it is expected that the works 
will receive a Government order, 

Obouchoff Steel Works.—Besides casting and compress- 
ing hollow steel ingots for cannon-rings, the hydraulic 
steel-compressing machine at these works is now en- 
gaged in compressing ingots for the tubes of the four- 
pounders. The work is done with success, and the 
results of the mechanical tests are reported to be very 

Kolpino Works.—These Government works, in the 
neighbourhood of St. Petersburg, are extending their 
rolling mills. Mills for the manufacture of sheet iron 
are in the course of erection. The Belleville boilers 
used here are working very satisfactorily. 

The Baitic Works.—These works, situated at Peters- 
burg, have ordered 200 tons of Bessemer steel (plates 
and angles) at the Obouchoff Steel Works. The price 
for plates is 295 roubles per ton, and for angles 
270 roubles per ton. This steel will be used in the con- 
struction of a ship for the Russian Government. Ac- 
cording to the contract, the steel must stand not less 
than 26 tons, and not more than 30 tons, per square inch, 
having in the same time an elongation not less than 
20 per cent. It is intended to anneal all the plates before 
using them. 

Cotton for the Army.—The Russian army for the first 
time will be supplied this year partly with cotton cloth 
instead of linen cloth; 18,655,385 yards of cotton cloth 
are ordered at certain Russian works, the price per yard 
(14 in. wide) is 8.7 copecks. If the trialis a succeesful 
one, the Government will be inclined to abolish the use of 
linen cloth, which is certainly dearer, The adaptation of 
the cotton for the army will revive the cotton plantations 
in Russian Central Asia. 











Tus Herresnorr Torrepo Boats.— We hear that the 
Herreshoff Manufacturing Company, of Bristol, Rhode 
Island, U.S., have just completed and handed overa d 
class torpedo boat to the 





nited States Government, for 
whom they have another similar boat now on hand, and 
approaching completion. Both these boats are fitted with 
the Herreshoft steam generator, in fact the Herreshoff 
Manufacturin; wor oy | never put any other boilers into 
their boats. Untilthe delivery of the boat just mentioned, 
the United States Government ov one fast 
torpedo launch, this being the boat t for them by the 
Herreshoff Manufacturing Company three years ago, 
during which time it has been in continuous use. The fact 
of the Herreshoff Company receiving orders for further 
boats on their system shows that the performance of the 
boiler in the first boat has proved satisfactory to the 
United States authorities. 
Sanitary Instirutz or Great Brirarn.—A de- 
tation from the above Institute waited upon the Presi- 
Jent of the Local Government Board yesterday by appoint- 
ment to rt as to the progress the ‘nstitute has made in 
the examinations of local surveyors and inspectors of 
nuisances. The deputation was introduced by the chair- 
man of council, Dr. B. W. Richardson, and consisted of 
oh gue a commen’ C.B., = Begees Field, Oy, Seay 
» registrar, Major at mere’ e de- 
atation stated its wish that the President of the Local 
Government Board would send a delegate to a conference 
of the council and other bodies to be held at the Privy Seal 
Office on Monday June 16, at 4 p.m., to meet the President 
of the Institute, His Grace the Duke of Northumberland, 
in order to confer on the su the inati 


tions. Booth gave a most care- 
ful consideration to the various points submitted to him. 





MULTIPLE WOOD-BORING MACHINE. 


CONSTRUCTED BY MESSRS. RICHARDS A 
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WE give, above, an engraving of a newly-designed 
wood-boring machine, by Messrs. Richards and Atkinson, 
engineers, Manchester, arranged under instructions from 
Mr. William Adams, locomotive superintendent of the 
London and South-Western Railway Company, and in- 
tended for the company’s works at Nine Elms. The ma- 
chine, with its details, is so well shown in the drawing, 
that a full description is scarcely necessary. We may, 
however, mention that for long pieces the traverse mo- 
tion is given by feeding rollers driven by power, and 
controlled by a friction device. For short pieces, the 
detached table shown in front is mounted on the rollers, 
and moves with them. This table, which can be put on 
or removed in a very short time, will add much to the 
utility and convenience of the machine. 

There are three steel spindles all driven by one band, 
passing over pulleys 8in. in diameter, which does not 
afford more power than is required in some of the com- 
pauy’s work. The shells at the top of the spindles aro of 
phosphor-bronze, and the bearings of white metal. The 
gearing is all “machine cut,” and no pains have been 
spared to render the machine serviceable and durable. 

The roller stands, shown on the left, are placed in line 
with the table of the machine, forming extensions to sup- 
port long timber. The weight of the machine complete 
is about 2 tons. 








ARTICULATING TELEPHONES. 


On Edison’s Electro-Chemical or Loud-Speaking 
Telephone.* 
By Conrap W. Cooxs. 
(Concluded from page 489.) 

WE now come to speak of a receiving instrument whose 
diaphragm is set into vibration by a process altogether 
different in principle to any that has been described. This is 
Mr.: Edison’s electro-chemical, or loud-speaking telephone, 
which I have the honour of bringing before your notice 
this evening, and which is certainly unrivalled for power, 
and is, in its perfected form, I think, equal if it is not 
superior to all other receivers for clearness of articulation. 
I can only hope that the experimental instrument which we 
have here to-night will, on this occasion, behave in as 
exemplary a manner as it did before the lecture, and as it 
has on every occasion when I have seen it before. 

Before cchibiting the working of the instrument it will 
be well to describe its principle of construction, for the 
ew er oe brought into play by its actien are of the 

ighest scientific interest. About the year 1872, Mr. 
ison made the discovery that if a strip of paper 
moistened with a chemical solution that is readily decom- 
pes when a current of electricity is passed through it 
drawn over a metal plate connected with the positive 

le of a voltaic battery and beneath a platinum style, 

ing upon it with a tle pressure, and which can be 

to the negative pole by means of a key or con- 


* Paper read before the Society of Arts. 








tact maker whenever the current is allowed to pass, the 
friction is instantly reduced between the surface of. the 
prepared paper and the platinum style, to be immediately 
restored the moment the current is again interrupted ; from 
which it follows that if the paper be drawn with a uniform 
tractive force below the style, it will slip whenever an 
electrical current is transmitted through it, and will be 
retarded again by a frictional resist: the t that 
the current ceases to flow. Here, then, was a new method 
of obtaining mechanical i y the p of a current 
of electricity, and Mr. Edison at once applied the principle 
to the construction of a telegraphic relay instrument, in 
which the employment of electro- was entirely dis- 
pe with. To this instrument Mr. Edison gave the 
name electro-motograph ; and it may be well to mention 
that the object of a relay instrument is to translate 
feeble electric currents into strong ones. The recording 
instruments used in telegraphy require a certain strength 
of current in order to work them, and as the strength of 
an electric current diminishes as the length of the current 
is increased, it follows that in long distances of telegraphic 
communication a point is reached at which a current 
becomes so weak through the resistance in sed, that 
it is unable to work the heavy printing or recording instru- 
ments. The object of a relay instrument is to utilise this 
weak current for throwing into the circuit of the recorder 
a fresh local current of sufficient strength, in other words, 
being itself sensitive to the feeblest currents, it is capable, 
by its own mechanical movement, of throwing into circuit 
with the recording instrument to be worked, a powerful 
local battery, thus becoming an automatic operator, and 
dispensing with the services of a translating clerk. 

The Electro-Motograph.—In the diagram before you, a 
strip of chemically prepared paper is drawn at a uniform 
speed beneath a platinum point, by a roller rotating by 
means of clockwork. A platinum style is fixed to the end 
of a long lever, mounted upon a universal joint, and i 
connected to the negative pole of the line battery, which 
may be at a distant station. The movement of the paper, 
when no current is traversing the instrument, is to ye 
the lever, by the friction between them, away from a 
contact screw. The moment, however, that a current of 
electricity is transmitted through the prepared paper, 
the friction between it and the style is instantly reduced, 
and the lever flies back inst its contact screw, by the 
unopposed tension of a spiral spring. The effect of this 
is to throw into circuit with the recording instrument 
a local battery, by which it is worked. The sensitiveness 
and rapidity of action of this instrument are something 
extraordinary, as it has been worked with complete success 
over circuits of 200 miles in length, with the feeble electric 
current generated by two cells of a voltaic battery, as well 
as through resistances which would prevent an ordinary 
galvanometer from being affected by the current. And as 
the action is instantaneous, a far higher speed of working 
is insured by it than is possible with the use of electro- 
magnets, which occupy an appreciable time in becoming 
a ge ngs under the influence of a current, and in parting 
with their magnetism when that current is eg Hy 

The Musical Electro-Motograph.—Through the kind- 
ness of my friend, Mr. W. H. , I am enabled to 
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show you the first form of telephonic receiver made by 
Mr. Biison, in which the principle of the electro-moto- 
graph is made use of. In this instrument a band of 
per, moistened with a solution of sulphate of sods, is 
rawn between a platinum roller and a style of the same 
metal; the roller is connected with the any ae terminal 
of a battery, and the style with the wire leading from 
the zinc, and a Reis transmitter is included in the cir- 
cuit. On turning the small winch handle, the paper is 
drawn beneath the ~~ and considerable resistance is felt, 
due to the friction of the edge of the style on the paper ; 
the moment, however, that current is completed the 
friction is reduced, and the paper thus liberated makes a 
little start forward, giving to the sounding-board of the 
instrument a slight shake or tremor. Now, if while turn- 
ing the handle, we can transmit through the prepared paper 
a number of electrical impulses per second, corresponding 
to the number of vibrations constituting a musical note, 
the tremors communicated to the sounding-board, th h 
the slipping of the paper, will succeed one another at the 
same interval of time, and the resonating board will give 
out the corresponding note. Underneath the board are 
strung a number of wires, tuned to form a gamut, and by 
‘their means the notes given out by the instrument are re- 
inforced by ——_ etic vibration. 

Edjison’s Electro-Chemical Telephone.—Mr. Edison’s 
loud speaking telephone depends for its action upon identi- 
cally the same principle, and, in order to render this clear, 
I will ask for the explanatory diagram* to be projected on 


the screen. The cylinder shown is composed of precipitated | i 


chalk, to which a small proportion of acetate of mercury 
is added, the whole being moistened into a saturated solu- 
tion of caustic potash, and moulded into a cylindrical 
form by being subjected to hydraulic pressure. This 
cylinder is mounted upon a horizontal axis, and is made 
by suitable mechanism to revolve beneath a metallic strip, 
which is maintained with a uniform pressure against the 
surface of the chalk. At the point where the strip rests 
upon the cylinder, a small plate of platinum is fastened, 
and the opposite end of the strip is attached to the centre 
of a diap m of mica 4in. in diameter, firmly fixed to 
the framing of the instrument by its circumference. By 
connecting the strip to the zinc element of a voltaic 
battery, and the chalk cylinder to the copper pole, and ro- 
tating the cylinder at a uniform speed away from the dia- 
phragm, it will be found that, when no current is passing 
the friction between the moistened surface of the chalk an 
the platinum strip is sufficient to drag the centre of the 
diaphragm inwards, and it will take up a fixed position of 
equilibrium when the frictional pull in the centre of the 
diaphragm is equal to the elastic tension of the strained 
diaphragm. The moment, however, that an electric cur- 
rent is allowed to pass between the strip and the cylinder, 
electro-chemical decomposition takes place, the friction 
between them is reduced, and the diaphragm, finding its 
elastic tension unopposed, flies back to a second position of 
equilibrium p Hoven, upon similar conditions; and, if a 
variable or undulatory current of electricity be transmitted 
through the instrument, the Geshe will be kept in 
continual motion by the constantly varying friction exist- 
ing between the chalk and the platinum di ing the dia- 
hragm in opposition to its own constant tic tension. 
marvellously sensitive is this simple mechanical ar- 
rangement to the smallest as well as to the most rapid and 
complicated variations in electrical intensity taking place 
in the transmitted current, that all the complex sonorous 
undulations propagated by human articulation instantly 
produce their corresponding variations of frictional re- 
sistance, and the diaphragm reproduces, in a loud voice, 
the words which are being uttered into the telephone at 
the distant station. 

I have here a little apparatus which I have arranged to 
illustrate the cetisodheniad principle upon which Mr. 
Edison’s telephone works, and the process by which a cur- 
rent of electricity may be caused to produce mechanical 
motion by electro-chemical decomposition. 

{In this experiment, a spot of light projected on a screen 
was deflected some 10 ft. or 12ft., the moment contact was 
made with a battery, by the depression of a key, the effect 
of which was to cause a mirror to move by the mechanical 
effect due to electro-chemical decomposition. ] 

The instrument which we have here this evening is 
merely a rough experimental apparatus for demonstrating 
the general principles of Mr. Edison’s new telephone; it 
was hurriedly put together, in order to be sent to this 
country in time for illustrating a course of lectures on 
“Sound,” recently delivered by our chairman, Dr. Tyn- 
dall; and I am told that the whole apparatus was made, 
put together, and sent off within four days. It does 
not, therefore, pretend to be either perfect or even reliable, 
but it has answered the purpose for which it was made 
admirably, and I hope it will do so again to-night. 

The diagram before you represents a section taken 
through the instrument, showi the arrangement of 
the principal parts, and in the next illustration we have a 
view of the inside, as seen from the back. A is the 
chalk cylinder revolving on the spindle B; D is the dia- 
phragm, and W is the winch handle by which the cylinder 
is rotated. The general appearance of this apparatus is 
shown in the next di which we will have thrown 
upon the screen. And here, I would mention, that the 
somewhat complicated a ce of this particular in- 
strument, is due to the fact that it combines three instru- 
mentsin one. The whole of the upper portion is the call- 
bell, or signalling aypeceien, for calling attention between 
the two stations, and has nothing whatever to do with the 
working of the receiving instrament. Again, the funnel- 
shaped instrament projecting in frort of the diaphragm is 
the transmitting carbon telephone, for speaking back to 


* This and the following diagrams, illustrating Edison’s 
electro-chemical telephone, have already appeared in our 
columns, see page 238 ante. 








the other station. It was in that position for com- 

ness and convenience ; but it is not a good position, as 
it must interfere with the free propagation of sound waves 
into the room, by casting what may be an acoustical 
shadow. In the perfected instruments, which, I believe, 
are now on their way from America, this arrangement is 
not repeated, the transmitter being mounted as a separate 
instrament. . 

I ought to mention here that in the perfected instru- 
ments, specimens of which will I hope shortly arrive in this 
country, motion will be communicated to the cylinder by a 
train of clockwork, which will be started and stopped by a 
simple electrical arrangement from the distant station. 
The new instruments will, therefore, not require turning 
by hand, and will be independent of all attention at the 
receiving station, with the exception of having occasionally 
to be wound up. 

It has generally been observed that clearness of articula- 
tion in telephones is increased by working them on an in- 


coefficient of friction between them. To take an extreme 
and impossible case by way of illustration. the 
perme Lyme 9 = being — of —_ to t “gh 
mixture of sand and soap, and suppose it were ee 

some electro-chemical process to eliminate from cdliiees, 
at the point pressed on by the cory ee or other of these 
two ingredients, an elimination of the soap would leave the 
sand, and an elimination of the sand would leave the 
soap. And according to the degree of elimination of one 
ingredient to hold the preparation of the other predominant, 
the result would bea variation of the coefficient of friction 
between the cylinder and the strip, and the diaphragm 
would be more drawn towards the cylinder when its surface 


resented a sandy nature, to be the moment that, 
by a variation of byt ee it became more soapy. This 
is, of course, an together h cal case; but it 


of friction that must take place between two ruling bodies, 
if the chemical constitution of one of them be suddenly 


duction circuit instead of with the direct current of the | altered, 


battery, and Mr. Edison has found that this is ages J true 
of the instrament before us. He has, therefore, adopted 
the plan of placing the cylinder and strip in circuit with 
the secondary wire of an induction coil, the trausmitting 
telephone and battery being included in the primary cir- 


cuit. 

The diagram which we will now throw upon the 
screen, shows the arrangement of the connexions for a 
tp od pair of instruments. Here the receiving instrument 
is shown at R, its cylinder being connected to earth, and 
its platinum strip to the line, which is joined to one end of 
secondary wire of the induction coil C, the primary coil o 
which is placed in circuit with a voltaic battery B, and the 
carbon transmitter T. The undulatory character which is 
imparted to the voltaic current by transmission through 
the carbon disc, whose resistance is continually varying 
under the influence of sonorous vibrations, produces by in- 
duction’ a corresponding undulatory current in the se- 
condary circuit of the coil, and the current being trans- 
mitted B yr line Bact to o re instrument, by 

ing the degree o ro-chemi lecomposition going 
<a betwen the surface of the chalk and the Glatiaus strip, 
causes @ eoeetageneg variation of the coefficient of fric- 
tion between the two surfaces, and the struggles of the 
diaphragm in its continual endeavour to establish equili- 
brium, under its own constant elastic force acting in one 
direction, and the varying frictional drag pulling in the 
other, make themselves apparent by reproducing the sounds 
by which the a id currents in the primary wire were 

y produced. 

he instrument which you see fixed against the wall is 
now in communication with a distant of the building, 
by a line 30 miles in length, and we will now send a signal 
to an assistant at the other end, and ask him to speak to 
us through the telephone. 

[Experiments were here made with the instrument ; the 
words spoken and tunes sung, whistled, and played on the 
cornet, at the other end of the line, being distincly heard in 
all parts of the room.] 

he cause of the superiority in power of this instrament 
over others must be looked for in the fact that the vibra- 
tion of the diaphragm is produced, not as in other tele- 
phones by an electric current, but by local mechanical 
means, that is to say, by the rotation of the cylinder by 
hand, by clock-work, or by any other motive power. The 
function of the electric current is purely a controlling and 
ting one ; it determines how much or how little of 
the foree exerted on the spindle is to be communicated to 
the diaphragm, and the time when that force is to be 
brought into play, and it may, mechanically speaking, be 
compared to a frictional clutch, coupling a machine to a 
steam engine, and which, at any moment, may be made to 
transmit the full power of the motor to the machine, or, 
by reducing the friction, to transmit only a portion of that 
power. 

There is something exceedingly interesting in the 
rationale of this instrument, for it could never have 
ex —I will go farther, and say it would not have been 
believed without experimental demonstration, that the 
almost infinite varieties of the sonorous vibrations con- 
stituting articulate — could be apps by such 
processes as are called into action by this apparatus. It 
would have been expected that unevenness of surface, want 
of homogeneity of substance, pan pen of form or of 
8 , would each have left its mark upon the vibration of 
the diaphragm, and that innumerable disturbing causes 
and foreign sounds would have been introduced into its 
utterance, quite sufficient to have drowned all but the 
loudest and t delicate tones. But it is a curious fact, 
that neither unevenness of surface of the chalk cylinder, 
nor varieties of speed of its rotation, have any appreciable 
effect upon the sound produced. The cylinder we are 
to-night is a worn out, and its surface is rough an 
uneven in the highest degree ; and if I were to ask the 
gentleman at the other end of the line to sing a song to us, 

‘ou would find that, however irregularly I might turn the 
handle, whether fast or slow, or first one and then the other 
you would not be able to detect any difference in the sound 
emitted by the diaphragm. rats 

[This experiment was tried, and the result was as indi- 


cated. 
The physical cause of the reduction of the coefficient of 
friction must, I think, be looked for as an effect of electro- 
chemical decomposition. It may be, with some substance 
employed, due to the liberation of gas by the electrolysis at 
the negative end of the'pole, which, in the instrument before 
us, is the B gor strip be on impregnated 
linder. e sudden formation of a film of gas between 
the strip and the cylinder would perfectly account for the 
friction being reduced; and, again. pa BM 
liberated, a change in the chemical constitution of 
chalk cylinder, at that point which is pressed by the p 
tinum strip, would be accompanied a change in t 


other way—that is, by taking the ae i oe 
not | while in 1878 the aggregate tonnage bni't my , 





The perfect control, however, which an undulatory cur- 
rent of electricity exercises, through the process of 
electrolysis, upon the variation of the coefficient of friction 
must be a matter of astonishment to any one acquainted 
with the extraordinary — of friction, and nothing, I 
think, redounds more to the credit of Mr. Edison, who 
given to the world so many novelties, than the utilisation 
of such a principle to produce s unex results. 
We may well, with respect to this, the last development of 
the articulating telephone, repeat what Sir William Thom- 
son said of the first, ‘‘ Who can but admire the hardihood 


f | of invention which devised such very slight means to realise 


the mathematical conception, that if electricity is to convey 
all the delicacies of quality which distinguish articulate 
speech, the strength of its current must vary continuously, 
and as nearly as possible be in simple proportion to the 
heme: «| of a particle of air engaged in constituting the 
sound.”’ 

Inventions such as these bring very forcibly before the 
mind what must be evident to every person who watches 
the signs of the times that the world is now passing t h 
a period in its history especially char by its rich- 
ness in scientific research in philosophical discovery, and 
in fertility of invention. The age in which we are living 
is essentially a scientific age, and an age of thirsting after 
scientific truth. Inventions and discoveries follow one 
another with such extraordinary rapidity, that there are 
persons who imagine that this onward march of scientific 
progress cannot continue much longer, that the end of 
discovery must in time be reached, and that all will have 
been found out that has to be di . In addressing 
such an assembly as the one I see before me, it would on 
my be presumptuous, as well as superfluous, to refute 
so shallow a supposition, but I may be permitted to express 
my firm conviction that, as, throughout the whole of the 
world’s history, each period has been richer in scientific 
discovery than any that have preceded it, so will this on- 
ward march of progress continue. Facts will go on being 
added to facts, inventions will follow inventions, and at a 
far more rapid rate during any one half century than in 
any of its predecessors, for every disco of science leads 
to a new group of inventions, and each invention repays 
the debt by rendering possible and facilitating the acquire- 
ment of fresh philosophical facts. The depths of nature 
are absolutely unfathomable ; we may go on adding bit by 
bit to our sounding line, we may take out of her vast ocean 
bucketful after bucketful of the wealth with which she is 
stored, but we shall never reach the limit of her depth, or 
lower the level of her riches by a single inch. 

It only remains for me now OB cs the pleasurable 
duty of recording my sincere to Mr. Arnold White 
for his very cordial co-operation, and for lending me the 
apparatus by which I have been enabled to demonstrate the 
working of the instrument ; to Mr. W. H. Preece for the 
loan of the musical ey erin h and the physiological 
receiver ; to Professor Silvanus P. "Thompson for most of 
the di s before you; and to my friends, Mr. Giming- 
ham, Mr. Turney, and others who have so kindly 
me this evening. I am indebted to the Editors of Enar- 
NEERING for a large number of the illustrations which I 
have been enabled to place before you, more a. 
my friend, Mr. James Dredge, for very substantial help 
which he has given me in the preparation of this paper ; and, 
in conclusion, I beg to thank you, ladies and gentlemen, for 
the patience with which you have listened to what I had to 
say. 





Bairisn SveamM Surppineg.—The annual statement of 
the navigation and shipping interests of Great Britain for 
1878, which has just been issued,.is noteworthy in conse- 
quence of the renewed proof which it gives that English 
steam tonnage is gradually driving other carriers to the 
wall. It is shown in the statement that the tonnage of 
vessels which were entered from foreign voyages at the 
custom-houses of the United Kingdom in 1878 was 327,462 
tons less than during the previous jean a falling off of 
about one per cent. But during this same period the 
entries from = voyages of English steamers increased 

F ms, showing that the decline was wholly in the 
line of i Seseiiny tothe English and foreign. In the 
clearances of vessels for foreign voyages d 1878, a gain 
in tonnage of 391,451 tons was made; yet here, too, the 
increase is all for the ish steamers, which report an 
addition in 1878 of 991,377 over their return for 1877, 
thus showing a constant tendency on their to take 


business which was formerly thought to ly 
suited to sailing craft. Tromaseanl i Hy Beg es 


c 


was 
than in 1877, there was in steamships again 1878 
about 25 per cent. as the number constructed, 
of 30 per cent. as their tonnage. 
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THE DETERMINATION OF MANGANESE. 
Ona New Volumetric Method of Determining Manganese 
in Manganiferous Iron Ores, Spiegeleisen, Steel, §c.* 
By Joun Parrinson, F.1.C., Newcastle-on Tyne. 

THE manufactures of spiegeleisen and ferro-manganese, 
and the use of these substances in the manafacture of steel, 
have assumed such large proportions, that an expeditious 
method of accurately mining manganese in such 
materials, as well as in manganiferous iron ores, slags, 
&c., is one of the most urgent requirements in the labera- 
tories of steel and smelting works. The usual gravimetric 
method of determining this metal is extremely tedious and 
troublesome. The greater part of two days is very fully 
occupied by the numerous filtrations, evaporations, igni- 
berm weig ings, “~ other operations this mee requires 

ore the amoun' manganese in a manganiferous iron 
ore, for instance, can be ascertained. The method, more- 
over, when applied in the usual manner to such ores, and 
to slags or other substances containing lime or magnesia, 
is often inexact and un in. The precipitate of manga- 
nese oxides obtained by adding bromine to an ammoniacal 
solution containing ese carries down with it por- 
tions of nearly every other substance contained in the 
solution. It is usual to separate and determine the silica, 
baryta, zine oxide, ferric oxide, and some other oxides in 
this precipitate, but it is not usual to separate any lime or 
magnesia which may also be present, and hence it is that 
the manganese in these ores, &c., is sometimes much over- 
stated. I have known cases where differences of upwards 
of 14 per cent. in the results of different chemists have 
occurred from this cause in testing manganiferous iron 
ores. The difficulty of igniting the oxide of manganese 
precipitated so as to obtain pure g manganic oxide 
(Mn, 0,) is also another fruitful source of error. 

The ordinary gravimetric method as applied to spiegel- 
eisen, ferro-manganese, and steel, gives very accurate 
results if the ignition of the manganese precipitate is care- 
fully attended to, and the ferric oxide, which the precipitate 
usually contains, is separated. But the slowness of the 
process is a great objection. The determination of man- 
ganese in spiegeleisen by the indirect method—that is, 
estimating the iron, assuming that the substance contains 
5 or 6 per cent. of carbon, silicon, &c., and that the re- 
mainder consists of manganese—is a very untrustworthy 
method. I have known instances where the amount of 
manganese would have been overstated by more than 2 per 
cent. had this method of analysis been adopted. 

Many volumetric methods of determining manganese 
have been proposed from time to time by various chemists, 
but none have hitherto come into general use. In some 
cases these methods have failed because it has been found 
that they are as troublesome as the gravimetric method 
they were intended to supersede; but most have failed 
owing to the difficulty or impossibility of obtaining the 
whole of the manganese in a constantly uniform state of 





oxidation. 

After numerous experiments carried on for a long period, 
I have at last s' in posing out a method by which 
the whole of the in a solution may with certainty 
he mronptaiee as hydrated dioxide, and the amount of this 
oxide readily and accurately measured. 


I find that the whole of the manganese in a solution of 
manganous chloride can be invariably precipitated as dioxide 
if a certain amount of ferric chloride be present in the 
solution when a sufficient excess of solution of calcium hypo- 
chlorite (bleaching powder) or bromine water is added, and, 
after —e the solution to from 140 deg. to 160 deg. 
Fahr., (60 deg. to 70 . Cent.), excess of calcium car- 
bonate is then added, and mix’ well stirred. 

When the ferric salt is absent, and the other conditions 
are observed—that is, when excess of solution of calcium 
hypochlorite or bromine water is added to a solution of 
ree nous chloride, then, after heating to about 
50 deg. Fahr., excess of calcium carbonate 
stirring—the ipi invariably contains a certain pro- 
portion of lower oxides, the amount of manga- 
nese precipitated as dioxide varying from 98.20 to 99.27 

cent. of the amount of manganese present in the solu- 


ion. 
Heat is also essential in order to obtain all the 


nese 
as dioxide, for if the precipitation it made by calcium hypo- 
chlorite and calcium in the presence of much 
ferric chloride in the cold, the precipitate then contains 


I have also the 
amount of ferric chlori to cause the whole of 
the man to be precipitated hn the desired condition 
of dioxide, and I find that if there is at least half as much 
iron as manganese in the solution it is sufficient. In 
practice, however, I — to have about equal quantities 
of each metal in solution. A large excess of iron is no dis- 


advantage. 

When tities of and iron are 
a conditions fuliilled as decerihed, 1 lave 
found, by numerous experiments, that the whole of the 
manganese is precipitated as dioxide, the results I have 
obtained having almost invariably indicated from 99.95 to 
100.12 per cent. of the manganese precipi in this form 
‘when operating on portions of from three, to six grains of 


pure mang g 
I will now describe the manner in which I use the above- 
mentioned reaction ey any ve determination of 
manganese, and this will be best by giving the details 
of my method in its ; C jo the testing. of. aenquab 
ferous iron ores, spiegeleisen, ferro-manganese, steel, &c., 
te ee fallowing the special solutions and other ial 
are speci: 
re-agents required in the These are all in ordi- 
laboratories or can be be very 


use in 
readily obtained. They are: 
1. Solution of Calcium Hypochlorite (Bleaching 
* Paper read before the Iron and Steel Institute. 


only from 98 to 99 per cent. of its manganese as dioxide 
, falls to : 














Powder).—The solution I use is made by diffusing in 
10,000 grains of water 150 grains of ordinary bleaching 
powder or chloride of lime containing about 35 per cent. of 
available chlorine. The clear solution is separated from 
the insoluble portion by decantation or filtration and 
bottled for use. 

2. Calcium Carbonate.—It is desirable that this should 
be of a Lg Ter yred pulverulent character, so that it can 
be readily diffused through the solution, and does not form 
clots which fall at once to the bottom of the beaker in 
which the precipitation takes place. This kind of carbonate 
of lime can often be had from the dealers in re-agents, but 
it may be formed when solutions of calcium chloride and 
sodium carbonate are added together at a temperature of 
about 180 deg. Fahr., keeping the calcium chloride slightly 
in excess, and washing the precipitate well and drying. 

3. Solution of Ferrous Sulphate in excess of Sulphuric 
Acid.—The solution I use contains about 10 grains of iron 
in 1000 grains of solution, and is made by dissolving 
crystals of ferrous sulphate in a mixture of one part of 
monohydrated sulphuric acid and three parts of water ; 
530 grains of crystals in 10,000 grains of the dilute acid 
give a solution containing about ten grains of iron in each 
1000 grains. 

4. Standard Solution of Potassium Dichromate.—The 
solution I use is made so that 1000 grains of it are equal to 
10 grains of iron, and is the solution I use in the determi- 
nation of ironiniron ores,&c. It should be carefully stan- 
dardised. 

Manganiferous Iron Ores.—These ores generally contain 
from 15 to 25 per cent. of manganese, and at least 20 per 
cent. of iron. They, therefore, usually contain a sufficient 
amount of iron for the dioxide precipitation. Ten ins 
of the ore, dried at 212 deg. Fahr., are placed in a beaker of 
about 20 oz. capacity, and dissolved, by the aid of heat, ia 
about 100 fluid grains of hydrochloric acid of about 1180 
specific gravity. When completely dissolved, the cover and 
sides of the beaker are ri by a jet of cold water, and 
then calcium carbonate is added until the solution becomes 
of a slightly reddish colour, showing that the free acid is 
neutralised. Six or seven drops of hydrochloric acid are 
now added in order to slightly acidify the solution, as it is 
found that the precipitate f in the best condition for 
being fil and ed when this is done. Aboat 1000 
grains of the solution of bleaching powder are now added, 
and then boiling water is run in until the solution is heated 
to about 140 deg. to 160 deg. Fahr. When the right 
temperature has been reached may be sufficiently nearly 
ascertained by applying the hand. About 25 grains of 
calcium carbonate (which, for convenience, may be mea- 
sured) are now added, and the solution well stirred until 
the evolution of carbonic acid ceases. The dark brown 
precipitate of oxides of manganese and iron settles readily, 
ean leaving a colourless peor liquid ; but if the 

leaching powder has been much in excess, the supernatent 
liquid has sometimes a ‘we lour, owing to the formation 
of permanganic acid. Should this be the case, a few s 
of alcohol are added until the pink colour is destroyed. 
sufficient bleaching powder has been added, the solution 
smells of chlorine, or it may be tested for excess by a strip of 
iodised starch paper. 

Instead of the solution of bleaching powder, about 
500 grains of saturated bromine water may be used. In 
this case, it is unnecessary to add any acid after the neu- 
tralisation of the solution by calcium carbonate, as suffi- 
cient acid is formed in the reaction. Care must be taken 
that sufficient calcium carbonate is present to neutralise all 
free acid. 

The precipitate is now collected on a double filter of 
sufficient capacity, and washed with cold or warm water 
until the washings show no trace of chlorine or bromine 
when carefully tested be yee starch paper. The wash- 
ing is readily accomplished, and rarely takes longer than a 


and | quarter of an hour. 


A thousand grains of the acidified ferrous sulphate solu- 
tion are now carefully measured from a pipette into 
the beaker in which the precipitation has been e, and 
which usually contains as quantity of adhering dioxide, 
and the filter with its contents are removed from the funnel 
and in the iron solution. The precipitate very 
readily dissolves, even in the cold solution, the manganese 
dioxide converting its equivalent of ferrous sulphate into 
ferric sulphate. A sufficient amount of cold water is now 
added, and the amount of ferrous sulphate still remaining 
in the solution is ascertained by adding from a burette the 
standard solution of potassium dichromate, just as in the 
testing of an iron ore. 

The exact amount of ferrous sulphate existing in the 
1000 grains of ferrous sulphate solution at first is deter- 
mined by measuring another 1000 grains from the pipette, 
and, after adding a filter to it of the size used in collecting 
and ing the precipitate, titrating it with the potassium 
dichromate solution. etimes rarest has a sligh 
reducing action, and the influence of is thus counter- 
acted. it is, however, quite by: pe obtain filtering paper 
that has no reducing action on the solution ; but it is safer 
to standardise after adding a filter to the solution as I have 


Supposing the 1000 grains of ferrous sulphate solution 
used in standardising has required 101.1 deg. of dichromate 
solution (I use a burette uated to hold 150 deg. of 10 
pee each, or 1500 grains), and the 1000 grains to which 

» mapgenens preteens ined in testing an ore has 
been oe has ree 57.0 deg. of = dichromate ole 
tion, percentage of manganese in the ore is calcula 
as follows : 101.1—57.0=44.1 deg. of dichromate solution, 
which are equal to 4.41 grains of Ft aga amount of iron 


converted from ferrous to ferric sulpha‘ th 
i i 10grains of theore. On multiplying the 
peroxidised by 0.491 the total amount 


of manganese contained 
case, 4.41 x 0.491=2.165 
grains of ore, equal to 21 


in the ore is ascertained. In this 
— of manganese in the 10 
.65 per cent. 





Should the ore to be tested be a rich manganese ore, con- 
taining less iron than one-half of the it contains, 
it will then be necessary to add a sufficient amount of 
ferric chloride free from manganese. As before mentioned, 


I pay having about equal of manganese and iron 
when the precipitation is e. The ferric chloride I use 
for this purpose, and which was used in the above- 


mentioned experiments with pure Mn, O,, is prepared by 
precipitating the ferric oxide in a ferric salt once or twice 
with calcium carbonate, and washing so as to get rid of the 
small amount of manganese which even the purest iron wire 
contains. The ferric oxide is then dissolved in hydrochloric 
acid, and made up to a known bulk. 

For the amounts of bleaching powder solution, and other 
re-agent tioned above, it will be necessary to operate 
upon such a quantity of the sample as will not contain much 
more than about 2.5 grains of manganese. If larger quan- 
tities are taken, then the ts of the re-agents must also 
be proportionately increased. But it is unnecessary to 
operate y = a larger quantity than I have indicated, see- 
ing that there is no difficulty in obtaining results which 
agree within a tenth of a per cent. ; moreover, the bulk of 
the precipitate from such a quantity, and the amounts of 
solutions required, are convenient to work with. 

If it is preferred, a er quantity of the ore—say 50 or 
100)grains—may be dissolved, and;the solution made up toa 
known bulk in a measuring flask, from which measured 
portions may be taken. 

It is necessary to standardise the ferrous sulphate 
solution about once a day, as it becomes slowly oxidised on 
exposure to air. 

Spiegeleisen.—This alloy usually contains from 10 to 25 
per cent. of ese, and, of course, a sufficient amount 
of iron for the dioxide precipitation. Ten grains are taken 
for analysis. is amount is dissolved in about 120 
grains of hydrochloric acid with the aid of heat. About 
50 grains of nitric acid are then added for the purpose 
of converting the ferrous into ferric chloride. After 
washing the cover and sides of the beaker with cold water, 
the excess of acid is neutralised by the addition of calcium 
carbonate until the solution has a reddish colour; 1000 
grains of the bleaching powder solution or about 500 — 
of bromine water are added, without previous addition 
of hydrochloric acid as in the case of ores. Hot water is 
then added to heat the solution to from 140 deg. to 160 deg. 
Fabr., and then about 25 grains of calcium carbonate, and 
the solution well stirred. The rest of the process is con- 
ducted as before described. 

Ferro-Manganese.—For the quantitative analysis of the 
alloy an amount which contains from 2 to 4 grains of man- 
ganese may be taken. The solution is madeas in the case of 
spiegeleisen. If the alloy contains less iron than manganese, 
ferric chloride is added so as to make the amounts of the 
two metals in the solution about equal.* 

The amount of bleaching powder solution to be added 
must depend upon the amount of manganese in solution, 
taking care to add about 400 grains of bleaching powder 
solution of the strength above named for every grain of 
manganese present. 

Asin the case of ores, instead of weighing off separately 
the amounts required for each test, a larger quantity may 
be dissolved and peroxidised, and, after making up the 
solution to a known bulk in a measuring flask, the necessary 
quantities for the tests measured out. 

Steel.—Fifty grains of steel are dissolved, by the aid of 
heat, in about 350 grains of hydrochloric acid of about 1180 
specific gravity. The iron is then converted into ferric 
chloride by the addition of about 90 grains of nitric acid of 
about 1440 specific gravity. The solution is made in a beaker 
of about 30 oz. capacity. Calcium carbonate is then added 
until the solution is slightly red ; 135 grains of calcium car- 
bonate are now weighed or measured, and about one-half of 
this added to the solution. After the effervescence caused 
by the escape of carbonic acid has ceased, about 400 grains 
of the bleaching powder solution are added, and then 
hot water to heat about 150 deg. Fahr., and then the re- 
mainder of the calcium carbonate. If ail the calcium car- 
bonate is added at once, the effervescence is 80 + that 
the substance is likely to froth over the edges of the vessel ; 
and if the bleaching power solution is added before any 
calcium carbonate has been added, the chlorine is likely to 
be expelled by the evolution of the carbonic acid. The 
calcicum carbonate is, therefore, added at twice, and the 
bleaching powder solution between the two additions. The 
precipitate is then thrown on a sufficiently large filter and 
washed until free from any trace of chlorine. Although 
the ea is bulky it is very readily washed. 

About 200 grains of the ferrous sulphate solution are 
standardised, andthe same quantity used for decomposing 
the manganese dioxide in the case of steels ; but it is some- 
times found necessary to add a little additional sulphuric 
acid in order to dissolve the ferric oxide precipitate and the 
excess of calcium carbonate it may coutain. 

Manganese Slags, §c.—These are treated similarly to 
the above, using for the analysis such a quantity as will 
not contain more than about 2.5 grains of manganese for the 
above amounts of re-agents, and taking care to have a 


* Since the above was written I have ascertained that 
F. Kessler recommends the use of zinc chloride for the 

urpose of preventing the formation of lower oxides than 
Sionide when manganese is precipitated from its solutions 
(Zeitschr. Anal. Chem., 1879, 1-14). The method by 
which he proposes to utilise this reaction for the volumetric 
analysis of manganese is, in my opinion, too troublesome 
and complicated for ordinary use; but I have tried the use 











of zinc chloride instead of ferric chloride as applied to my 
method of precipitation and is, it answers 
ually well, and that it is sufficient to have about as mach 


eq 
zinc as resentinsolution. In cases, therefore, 
where a sufiicion pe of iron is not already t, 
an addition of zinc chloride may be substituted for the ferric 
chloride above recommended. 
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sufficient amount of ferric chloride in the solution when 


the e is precipitated. 

Should lead, copper, nickel, or cobalt exist in the sub- 
stance under examination, these must be separated before 
the manganese is precipitated, as they form higher oxides 
under the conditions of the precipitation, which oxides, 
like manganese dioxide, convert ferrous into ferric oxide. 
Fortunately, in most manganiferous iron ores, and in 
spiegeleisen, ferro-manganese, and steel, none of these 
metals occur in such quantity as to appreciably affect the 
correct estimation of the manganese. 

In testing spiegeleisen and ferro-manganese, which do 
not contain lime or magnesia, the results of the direct 
gravimetric method agree fairly well with those given b 
the new volumetric method, if, in the gravimetric method, 
care has been taken to heat the bromine precipitate to a 
long-continued high red heat, and to separate the iron it 
usually contains, the difference between the results of the 
two methods being seldom more than about one-tenth of a 


not be absolutely true ; yet no one will question the fact 
that a state of solution, whatever be the nature of the 
solvent, greatly facilitates chemical reactions ; and it is 
ander these favourable conditions of solution that the 
carbon and silicon, with which we are principally con- 
cerned, come in contact with the oxides of iron in the 
puddling furnace. Whilst admitting that the lower oxide 
of iron plays an vom Some part in the chemistry of the 
puddling furnace as far as the elimination of carbon is con- 
cerned, po yas — the er teers “ this element 
in great , and of silicon an osphorus perhaps 
entirely, to ferric oxide. In wterte test this view, a 
series of samples of iron and cinder were taken whilst 
a heat was being worked, and were afterwards submitted to 
ysis. 

The furnace was a single puddling furnace of the ordi- 
nary construction, with cold blast admitted beneath the 
grate bars. 

The oxidised compounds of iron present in the furnace 


per cent. The following are a few of the results I have | were 


obtained by both methods of analysis : 

By usual Gravimetric By new Volumetric 
Analysis. lysis. 
per cent. per cent. 

1 { 19.81 19.89 

on 19.84 

2 { 22.41 22.39 

22.46 22.41 

3 { 28.80 28.92 
: 28.76 28.92 
4 { 55.51 55.58 
55.66 55.58 

5 69.34 69.34 
69.34 69.34 

6 74.8 74. 

7 74.95 74.93 


The new method also answers very well for the deter- 
mination of manganese in steels. Two portions of 50 grains 
of pure iron, to which known weights of manganese were 
added, indicated 0.304 and 0.640 per cent. of manganese 
instead of 0.302 and 0.604 per cent. respectively. A steel 
which, by careful gravimetric analysis, was found to con- 
tain 0.912 per cent. of manganese indicated 0.92 per cent. 
by the new volumetric method. 

I have tested very large numbers of samples of manga- 
niferous iron ore, spiegeleisen, and ferro-manganese by the 
method I have described in this paper, and have found 
that the results of the duplicate tests have been almost 
invariably alike, there being -— occasionally a difference 
of 0.1 deg. or 0.2 deg. in the reading of the burette, equal 
to0.05 or 0.10 per cent. of manganese in the sample. In 
fact, it is now possible to determine manganese volumetri- 
cally by this method as exactly, and almost as speedily, as 
it is possible to determine iron volumetrically by Penny’s 
well-known bichromate of potash method. 





ON THE CHEMISTRY OF PUDDLING.* 
By H. Lovts, A.R.S.M., 5 Londonderry, Nova 


Scotia. 

THE process of puddling or pig-boiling consists, from a 
chemical point of view, in the removal by oxidation of cer- 
tain of the constituents of pig iron, thereby converting it 
into malleableiron. The malleable iron thus prod is 
not, however, perfectly pure, but always retains at least 
traces of most of these constituents of the pig iron, which 
then form the impurities of eable iron. Pig iron, 
must (in addition to iron) contain carbon, either combined, 
or graphitic, or both ; it also always contains silicon, and 
almost always manganese, sulphur, and phosphorus, whilst 
traces of numerous other bodies, such as titanium, cobalt, 
nickel, copper, &c., are not unfrequently present, all of 
which are more or less completely removed by puddling. 

In the present paper the elimination of carbon, silicon, 
phosphorus, and manganese only will be considered, as 
these bodies alone were present in decided quantities in the 
pig iron experimented on by the writer. 

tis generally admitted that all the above-mentioned 
substances are removed by oxidation, but there has long 
been a difference of opinion as to the source of the oxygen, 
some authorities holding that it is derived directly from 
the current of atmospheric air passing over the of the 
puddling furnace, others that it is derived from the oxidised 
compounds of iron present in the furnace, and others again 
that it is obtained partly from one source and partly from 
the other. There is no doubt but that atmospheric air 
blown into molten iron, as, for instance, in the Bessemer 
process, is capable of oxidising at any rate the carbon and 
silicon (although even in this process we have no ab- 
solute proof that the air directly oxidises these bodies, for 
much oxide of iron is naturally formed during the blow, 
= L vans ne = to pase oe rosie od = yo 
not the direct oxidising agent); ye e 
atmospheric oxidation in rendering iron pelleable we the 
puddling furnace must be infinitesimal, for as soon 
as the pig iron is melted it is covered by a layer of 
slag, and unless exposed by a chance stroke of the rabble, 
cannot come in contact with the current of air until it 
.comes up” in the malleable state; after this stage the 
air current unquestionably does take in the process, as 
will be explained hereafter. The main oxidising agent ap- 
ae to me to be ferric oxide, either in the solid state, finely 
vided, or else molten, in combination with a certain 
amount of ferrous oxide or dissolved in the ferrous silicate 
of the cinder. At the same time there is no doubt but 
that ferrous oxide or ferrous silicate will readily yield up 
their oxygen in the puddling furnace to bodies such as 
silicon or carbon, which, powerful reducing agents as 
they are in the solid state, must act with far greater energy 
when actually dissolved in molten iron. 
The old canon, “‘ Corpora non agunt, nisi soluta,”’ may 





1. The bottom, made as usual by the oxidation of scrap 
iron. The following analysis of the bottom of a puddling 
furnace, freed as far as possible from the layer of cinder 
on which it rested, will give some idea of its general com- 
position : 





Silica oe wpe ot ose 12.45 
Ferric oxide... the ee 16.48 
Ferrous oxide mn iat ois ons 66.60 
Manganous oxide ... se sn es 2.62 
Lime ... eco iad ies dee den traces 

98.15 


2. The fettling, which consisted of a remarkably pure 
variety of fine-grained specular ore, some specimens having 
yielded as much as 69.5 per cent. of metallic iron. A lump 
of this ore which had stood in the furnace for three heats 
was examined. It still retained its characteristic struc- 
ture, except on the face that was turned towards the in- 
terior of the furnace, where it was apparently fused and 

lazed. It was strongly “a and polar. The entire 
— — crushed, and a sample analysed with the following 





ie Oe Ree 
Ferric oxide ... i oie pee hs 92.28 
Ferrous oxide pe Mie ‘os ise 7.08 
Manganous oxide ... ove ove 0.09 

100.65 


I have observed that specular ore which has been used 
for fettling is invariably strongly magnetic when removed 
from the furnace. This fact alone unmistakably proves 
the reduction of some of the ferric oxide to a lower state of 
oxidation. 

3. Hammer slag. A characteristic sample of hammer 
—— the following composition : 


aa eee 14.69 
Alumina... ie sie aa one 1.51 
Ferric oxide ... bis : 15.07 
Ferrous oxide - oa sas ove ois be 
Manganous oxide ... sien nin nip 
Phosphoric acid ... ed $s ove 1.60 
Lime, magnesia as ae .. ‘traces 
99.97 


This analysis was not made on the hammer slag used in 

the particular heat referred to in this paper, and is only 
inserted to give a general idea of its composition, which is, 
of course, liable to considerable variation. 
I will now present in a tabular form the analyses of the 
various samples, and shall then endeavour, by a detailed 
account of the working of the heat, to show exactly at what 
stage of the process each one was taken. 


sand in which the pig was cast. That this oxidation, how 
ever, plays a ve ee part in the subsequent 
removal of the m is shown by the fact that iron boi 
more readily after a quick melt than after a slow one. 

9.16—The helper commenced to break up and melt the 
iron ; the cinder was ually softening and melting, and 
a thin layer of it soon covered the bath of molten iron. 

9.27.—The iron was all melted and rabbling commenced ; 
the damper was lowered and the blast shut off. At this 
pit denies tees eee in an iron 

le ; their composition is given in Columns I. of the 

Tables of Analyses. The composition of the cinder is very 
nearly the same as that of hammer slag, and the bath of 
iron undergone very little if any chemical action; a 
little of the silicon may have been removed, but that is all. 
At this s the cinder was melting and rising up through 
the bath of iron by virtue of its lower specific gravity, so 
that a thick layer of cinder gradually accumulated 2 
the surface of the iron ; this action, together with the short 
quick strokes of the rabble, brought every ion of the 
iron and cinder into close contact. It is evident that this 
———- would be » and to some extent 
prevented, if molten contents of the furnace were 
allowed to become too fluid. This would rapidly if 
the furnace were allowed to too hot, and it is for this 
reason that the damper was lowered and the blast shut off 
as soon as the charge was all melted. 

9.32.—The iron was thickening rapidly and the cinder in 
full effervescence, due to the spirting up of jets of carbonic 
oxide, which burn with their characteristic blue flame, 
forming the ‘‘ candles’’ of the puddler. The carbonic oxide 
is evidently produced by the oxidation of part of the 
carbon by the oxides of iron present in the cinder. 

9.33.—The cinder had risen up to the foreplate ; a little 
blast was now put on and the damper very slightly raised, 
to keep the furnace from getting too cold. 

9.35.—The iron was completely thickened; samples 
No. II. of iron and cinder were now taken. As will be seen by 
comparing iron anal Nos. I. and II., the silicon and 
manganese were by this time almost completely removed, 
the a diminished by about one-third, and the 
graphitic carbon partly removed as carbonic oxide and 

'y converted into combined carbon. At this s 


iron, the sample presenting many of the physical characters 
of this substance. The proportions of eyed, e 
and phosphorus in the slag have meanwhile , their 
oxidation having been effected at the expense of the ferric 
oxide, the —— of which in the cinder has so markedly 
decreased ; it probably been reduced to ferrous oxide, 
or perhaps even to metallic iron. That the oxides of iron 
present in the poaiing furnace can be reduced to the 
metallic state is proved by the fact that in some works, 
where a pig iron containing but little silicon is puddled 
and rich etite used for fettling, it is by no means rare 
for the yield of puddle bar to equal or even to exceed the 
weight of pig iron ¢ 

9.37.—The effervescence was very violent, and the cinder 
having risen still higher, was running over the foreplate. 

9.40.—The iron came up on the boil ; that is, it separated 
and floated on the cinder in the form of small malleable 
—— Samples No. III. of cinder and were taken. 

his and the following samples of iron can hardly be ex- 
pected to represent with perfect accuracy the average com- 
position of the iron in the furnace, as in spite of every pre- 
caution, it was found almost impossible to obtain true 
average samples ; they also retain some intermixed cinder, 
which could not be completely removed. This is the source 
of the silica returned in the analyses, for it is not likel, 
that at this advanced stage of the ss the iron sho’ 
retain more than a minute trace of silicon, if any at all. 

9.43.—The iron was still boiling vigorously, the damper 
being about half raised and the blast full on. 

9.45.—The iron commenced to drop; that is, the granules 
began to cohere into larger masses, and to collect upon the 
bottom of the furnace. Samples No. IV. of iron and 





























Table of Cinder Analyses. 

— 1. Il, III. IV. Vv. | Vi 
Silica .. eee eae) 24,04) 27,17] 27.77 | 27.46) 25.72| 15.79 
Alumina ooe +++} 0.19 
Ferric oxide ... +-.| 18.74] 5,28 4.81 4.19} 4.20) 9.21 
Ferrous oxide ... ...| 51.22] 59.56] 59.95 | 58.41 | 60.61) 69.52 
Manganous oxide ...| 4.42| 5.17 5.29 545| 4.65) 2.81 
Phosphoric acid | 1,80] 2.12 2.19 2,22/ 2.07) 1.66 

99.91| 99.30 | 100,01 | 97.73 | 97.25| 98.99 | scaped as: 

Metallic iron per cent.| 52.96 | 50,02] 49.99 | 48.86) 50,08 | 60.81 


cinder were taken. This and the next sample of cinder 
contained a good deal of finely divided metallic iron diffused 
through them. 

9.49.—The iron had all dropped. Samples No. V. were 
taken. It seems that the changes that occurred duri 
the last quarter of an hour were physical as well as chemical. 
The composition of the cinder had hardly varied; the iron 
had slowly parted with one-third of its carbon, which 
— anlearbonic oxide ; ne was he paaie daciied chemical 
ion occurred, but sligh ugh it may a 
it sufficed to render the iron (or rather the steel, which had 
- - time been produced) infusible at the temperature of 

urnace. 

k 9.50.—The iron was loosened and lifted up from the 
































The furnace having been fettled with specular ore, and 
about 1 cwt. of hammer slag thrown upon the bottom 
round the sides : 

At 8.47 p.m. the charge of 2 ewt. of No. IV., and 2 ewt. 
of No. III. pig was thrown in; the damper was raised, and 
the blast put on. 


9.6.—The helper commenced ing over the pigs, so as 
to expose the cold under side to the , and to prevent 
their sticking to the bottom. 


9.8.—The pigs had all been turned over ; the cinder on 
the bottom was now slightly pasty. 
9.14.—-The pigs were polled in from the sides. Super- 





* Paper read before the Iron and Steel Institute. 





ficial oxidation of the iron was evidently going on, the 
oxide of iron produced combining with the silica of the 


Table of Iron Analyses. 
ctusnse L IL | Il. | Iv. Vv. VL | vis. 
Silicon ose ees 1.11) 0.14 
Carbon a 0.61} 1.89| 1.75 | 1.57 | 1.10 | 0.25 | 0.16 
’ gra ic) | 1,75) trace 
Manganese, -..|0.78| trace | 0.09 | trace| trace | trace| 0.07 | ™se8 was 
Phosphorus... 0.36) 0,25 | 0.26 | 0,23 | 0.23 | 0.25 | 0.09 
Silica .., see bee] 8 ° 0.74 | 1.01 | 1.87 | 0.91 | 0,28 
' 


9.51.—It was pulled away from the sides. 
9.53.—It was turned over for the first time, and was then 
spoil turned backwards and forwards, opened out and 
lumps broken, so that each portion of the loose spongy 
thoroughly exposed to the action of the es. 
and hot air. At this stage considerable oxidation of the 
iron must necessarily occur, and the amount of ferric oxide 
in the cinder increase in proportion. This reaction accounts 
for the excess of ferric oxide shown in cinder analysis No. VI. 


over that in on No. V. 
and , eee dler commenced to ball the iron, the damper 


and the blast shut off. Iron sample 
No. VI. was taken. 
10.14.—The first ball was drawn. 
10.30.—The cinder was tapped off, and cinder sample 
No. VI. (=tap agg | was " 
Iron sample No. VII. is a sample of the puddle bar 


It thus appears that the elimination of the carbon and 


horus takes place in two chief _— of 
eee the i and near the end of the heat 





As soon as the iron is well melted and mixed with the 
cinder, chemical action is set up. Ferric oxide and silicon 


tage of 
the process the iron was in the state of ‘‘ metal’’ orrefined . 
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react, producing ferrous silicate. Carbon is capable of 
reducing both ferric and ferrous oxides, carbonic oxide 
being ced. Ferric oxide is also capable of oxidising 
hosphorus, and probably manganese, the latter action 
being assisted by the powerful affinity of silica for 
manganous oxide. According to some experiments of 
Caron (quoted by Dr. Percy, Metall , Iron and Steel, 
page 140), ferric oxide fused with silicious pig iron and 
metallic manganese has the power of separating silicon 
from cast iron, manganous silicate being produced. The 
ferrous oxide thus formed either combines with the silica 
t, or else is reduced to the metallic state. After the 

rst vigorous action the process s less rapidly, it is 
true, but nevertheless continuously. The oxygen necessary 
for the slow removal of the carbon now ing place is 
farnished partly by the reduction of ferrous oxide, ly 
by the ferric oxide of the fettling and bottom. en & 
puddler wishes to bring bis iron up on the boil rapidly, he 
raises the butt of his rabble to his shoulder and thus works, 
bearing with all his weight on the point of the tool. This 
action scrapes the highly oxidi compounds of iron off 
the bottom and mixes them with the molten metal ; and it 
is wonderful to note how greatly the condition of the iron 
may thus be advanced in a few minutes by a practised 
hand. Many puddlers are in the habit of throwing roll 
scale (consisting principally of ferric oxide) into the furnace 
for the same pu . The iron being thus gradually 
deprived of its carbon, becomes ually more and more 
malleable, and at the same time less fusible, till it collects 
on the surface of the bath in little granules, covered at 
first by a thin layer of cinder; presently all the iron is in 
the solid state, and the cinder tegins to liquate from it. 
It is now to the action of the gaseous current 
passing through the farrace, and oxidation ensues, ferric 
oxide being produced. This film of oxide enveloping each 
minute granule of iron probably acts by cementation until 
so much carbon removed that the iron has 
*‘eome to nature,” and is ready for balling; further 


oxidation would now merely waste the iron, and to prevent | 


any such loss the damper is lowered during the process 
of balling. 

It will be noticed that the puddle bar contains less 
carbon than the iron just before balling (vide iron analyses, 
Nos. VI. and VII.); this is probably due to the con- 
tinuance of cementation during balling. The percentage 
of phosphorus is also less, but this may simply be due to 
the removal of the highly phosphoric cinder by hammering 
and rolling. 


THE MECHANICAL PROPERTIES OF IRON 
AND MILD STEEL. 
To THe Eprror oF ENGINEERING. 

S1r,—In order to arrive at a clear understanding of the 
henomena which take place when a load is applied to 
rs of the shape of those illustrated in y 5, rs 7, and 
9 (pages 394 and 395 of your issue of May 9th), phenomena 
which have led Mr. Adamson to conclude that a bar of 
uniform thickness and equal section, bnt perforated with 
two holes transversely, near its ends, will carry a somewhat 
greater load across the section with holes than across the 
narrower solid part, it is necessary in the first place to call 
attention to the manner in which the strain is applied to 
the bar, and as that is usually done by means of a single 
weight or force applied to an eye at the bottom of jthe bar, 
it may easily be seen (see sketch, Fig. 1) that the strain is 
in reality communicated to the bar by means of two distinct 

forces acting at a certain distance from each other. 

We may now assume that the bar under consideration 
consists of three flat bars connected edgewise in their mid- 
length, and bent near their ends in such a manner as to 
leave an open space between each two bars, the strain being 
communicated to each separate bar by a transverse end piece 
not absolutely rigid (Fig. 1), and if we call a the distance 























between centres of external bars, and b the distance between 
the two separate forces into which the load W resolves 
itself, the relative amount of the load carried by the middle 
and side bars varies respectively between 0.5 W and 0.72 W 
for the middle bar, and between 0.25 W and 0.14 W for the 
outer bars, according as the ratio between a and b is made 
to vary between } and 4. This consideration at once shows 
us that in order to distribute the strain due to the load W 
pen ape | upon the three bars, there needs to be a certain 
ratio of breadth between the middle bar and the end bars, 
a ratio which Soa upon the mode of applying the load, 
buat which probably should never be less than 2 to 1; upon 
examining the bars referred to.in Mr. Adamson’s paper it 
will be seen that the ratio of breadth between holes and 
outside is very nearly as 2} to 1 in all of them. 

If now we consider our system of tiuree bars at any of 
those points where they are lying close to each other edge- 
wise, it will be seen at once that, while the middle bar is 
sustaining throughout its h the tensile strain only due 
to the direct action of the load, each of the side-bars is sus- 
taining the tensile strain due to the part of the load which it 
carries, and is moreover subjected to a bending stress due to 
the leverage r, with which the yl of the load acts 
upon that portion of the bar, the effect of that bending 
stress being to throw an additional tensile strain upon the 
outer fibres of those bars. There cannot be the least doubt 
but that a or in a similar manner to solid bars, 

ike in Mr. Adamson’s , will act in 
a similar manner upon the various parts bars ; in- 





deed, the character of the fracture shown in Mr. Adam- 
son’s diagram, Fig. 7, fully bears out this assumption, for 
it shows that the outer fibres to yield first, and thus 
we havea rational explanation of the somewhat novel and, 
at first sight, incredible announcement that a bar of uni- 
form thickness and uniform cross section, perforated 
transversely with two small holes near its ends, will bear a 
somewhat greater lead at its section across the holes than 
at any other point of equal sectional area. 

As **the flow of force,’’ as Mr. Adamson terms 
it, | think the illustrations given by Professors Airey and 
Rankine on ‘‘ The Internal Strains of Girders,’’ or, as it 
also may be put, on ‘‘The Transformation of Strains,” 
may also be useful in giving us an idea as to what takes 
place in cases like those under consideration. 

In the hope that with the above suggestions, and with 
those which I have made in my previous letter, I have 
thrown some useful light upon the subject, 


I remain, &c., 
Mulhouse, May 20, 1879. J. J. BIRcKEL. 








COURTENAY ’S SELF-ACIING SYREN 
BUOY. 


To THE EDITOR OF ENGINEERING. 
S1n,—In the April number of the Annales des Ponts et 
Chaussées there is +o by M. Quinette de Rochement, 
J. P., et C., under the 





eading Bouée Sifiet Automobile | 


below the diaphragm : this reaches from 15 lb. to 20 Ib. per 
square inch, while that from the water outside never ex- 
ceeds from 4 Ib. to 6 Ib. 

The buoy is furnished with a rudder G, and is held in its 
place by a chain and sinker in the usual manner, and as it 
floats perfectly upright in all states of the sea, notwith- 
standing waves or currents, it can be examined in its place, 
and for this purpose is provided with a ladder and manhole. 

Mr. Courtenay shows how signals may be varied, and 
the whistle made to sound at intervals, each 
buoy can thus be made to have a distinct characteristic. 

The principal dimensions of the buoy are as follows : 
Diameter at water line and height above same, 10 ft. ; 
height of eres above water line, 16 in.; length 
of vertical tube below the diaphragm, 32ft.; diameter of 
same, 3)in.; diameter of tube F, 2}in.; diameter of 
whistle 9 in. ; total weight, 5tons. Nearly 1300 observations 
have been made from the tower at La Héve and the light at 
Havre Pier. In each hundred observations the whistle 
was heard seventy-four times at La Héve and fifty times at 
Havre. During the time of the observations (from No- 
vember 1, 1877, to March 1, 1878) the sea was generally 
very calm. The most favourable time for hearing the 
whistle was when the weather was damp or foggy with a 
light breeze ; during a heavy sea it was not heard so well. 

nder favourable conditions the whistle was distinctly 
heard through a great part of the town of Havre ; at St. 
Adresse the inhabitants complained of the noise, especially 


Fig. Z. 
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Fig. 3. 
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du Systéme Courtenay, giving adescription of a buoy moored 
off the entrance of the Seine, near Havre. This heading may 
be freely translated —‘‘ A Self-Acting Syren Buoy, invented 
by Mr. Courtenay.”” A description of it, taken from M. de 
Rochement’s paper, may be of interest to some of your 
readers. 

The inventor of these buoys (which had been already in 
use on the coast of America) proposed to the French Go- 
vernment, in the year 1877, to place one of them for trial 
on the coast of France at his own expense. If not ap- 
proved of it was to be removed, otherwise it was to be pur- 
chased for the sum of 4001. This offer was accepted, a 
the buoy was moored, on October 27, 1877, 2} miles W.S.W. 
of the lighthouses of La Héve, and 33 miles W.N.W. of the 
entrance of the port of Havre. 

The buoy is of the ordinary shape, and through it runs a 
boiler plate tube A, which protrudes from 25ft. to 30 ft. 
below the bottom. In this tube, and a little above the 
water line, is placed an iron diaphragm D, through which 
three pipes are i Two of these, E, have communi- 
cation with the air, and are provided at their lower ends 
with valves, which permit the air to enter, but not to leave 
the space under the diaphragm. The third, F, is fitted with 
a whistle of great power placed above the buoy. The 
vertical tube A dips sufficiently into the sea to attain a 
point where the water is little agitated by waves; under 
these conditions the level of the water in the tube varies 
but little, and corresponds to the mean level of the sea be- 
tween the crest and trough of the seas. The tube, on the 
contrary, rises and falls with the buoy, and there is thus 
formed s« movable cylinder and a piston almost stationary, 
allowing of compression of the contained air. 

When the buoy is raised by a wave, the space between 
the diap and the surface of the water inside the tube 
increases, the pressure in the space diminishes, and the 
external air enters by the pipes E; but when the buoy 
descends again after the wave passes, it presses with all its 
wart compressing the air under the dia Soom, which air, 
unable to escape except through the whistle, causes it to 
sound. This occurs at every descent of the buoy, whether 
caused by a wave or a long swell. The loudness of the sound 
— _ the weight of the buoy and the length of the 
tube, and thus the apparatus may be designed so as to pro- 
dace a given effect. To prevent the buoy sinking from 
fealkan, eve isa = s — the inside of it communicat- 
ing with the space w the diaphragm ; compressed air is 
thus admitted into the body of the buoy, from which it 
reason of a valve at K. The pressure of 


cannot esca| 
buoy is equal to the maximum pressure 


the air within t 





at night. In consequence of these complaints the buoy has 
been placed a mile tarther to the westward. The French 
Government have authorised the purchase of eight of these 


n0ys. 
Dublin, May 31, 1879. R. M. 





PERMANENT WAY FOR TRAMWAYS. 
To THE EDITOR OF ENGINEERING. 

Srr,—I have read Mr. Livesey’s letter to you of the 26th 
of May, and in answering it, will endeavour to be as brief 
as possible. 

1. In my letter to you of the 19th of May, I did not 
‘* express surprise or feel any chagrin that other engineers 
had not come forward to challenge the correctness of Mr. 
Livesey’s statements,’’ &c. I said that I had ‘‘ deferred 
~ remarks on Mr. Livesey’s letter to yon in the hope that 
other engineers would have thought the subject sufficiently 
interesting to give their opinions.”’ 

2. I did not say that Mr. Kincaid had been “‘ compelled”’ 
to adopt the remedy I referred to. I have no doubt that 
it was part of the work when laying the road and paving, 
and I maintain that it will effec y prevent the paving 
stones adjacent to the rail from falling under the head ; 
and it is not an expensive addition to the work, as the cost 
would not ex 51. per mile of single line. 

3. Mr. Livesey is right in saying that I have not laid a 
single mile of ‘“‘my permanent way,”’ but I had twelve 
months experience on the steam tramways of Paris and 
Rouen, when consulting engineer for both, which I hold to 
be of more value than a lifetime of experience on ordinary 
horse tramways. This, combined with 30 years experience 
in the construction of railways, onght, I think, to qualify 
me to give my opinions on the permanent way for tramways- 

In my first communication to you on the subject I men- 
tioned the requirements which I considered essential for a 
good permanent way, and said that I had ‘‘ endeavoured” 
to carry out such views in the system illustrated in your 
issue of the 28th of March, 1879. But Ido not pretend to 
say that what I proposed was ect, and therefore I still 

that other ineers do not give publicity to their 
opinions, not upon Mr. Livesey’s system or mine in par- 
ticular, but on the subj gags A 

4. I really cannot follow Mr. Livesey about the cross 
sleepers. He says that in the designs he illustrated there 
is no absence of cross sl rs. we, but these, as I 
understood, were only an tive, and not advocated 
by Mr. Livesey. Does he — cross combined 
with the longitudinals ? cannot tell; but if he adopts 
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cross sleepers and leaves out the longitudinal, he will meet 
one of the requirements which I consider essential for a 
good permanent way. Only I still prefer wood for the 
cross sleepers. I think the screws or bolts would be found 
to hold the chairs to timber sleepers more rigidly than 
bolts and nuts to a thin wrought-iron plate, and [ consider 
that, as on railways, timber cross sleepers make a more 
agreeable road to travel over, especially if steam traction 
be contemplated. There is no fear of the chairs, with a 
good broad base, being indented in the sleeper; as the 
weight of the tramway engine is insignificant, and the 
sleepers, if embedded in concrete, will, I repeat, be almost 
imperishable. 

5. Tie-bars, as Mr. Livesey proposes to have them, are 
perfect in tension; but I maintain that they are useless in 
compression. In practice I found that the paviors often 
forced the gauge inwards an inch or more, and nothing 
but cross sleepers will prevent this. 

6. Mr. Livesey appears to think that in the system I ad- 
vocate I must depend on the paving to keep the gauge. Just 
the contrary, for I have always said that cross sleepers are 
absolutely indispensable to secure an accurate gauge, and I 
failto see how the gauge can alter when the chairs are 
firmly fastened on to the cross sleepers. The gauge does 
not alter on a railway when the chairs or sare only 
spiked to the cross sleepers, whereas I propose to fasten 

e chairs to the sleepers by strong coach screws or by bolts 
and nuts. How thencan the gauge alter? Only by the rail 
and the chair canting; but as these are held firmly to 
the sleepers at intervals of less than 3 ft. this could not 
happen, even with a 20 ton engine going round the curve. 

7. When I said it was impossible to bend the longitudinal 
base-plates to the curves, I meant, of course, without some 
arrangement such as that explained by Mr. Livesey, which, 
however, would cause complication in laying, and, when 
the base-plates are made in sections of 2 ft., 3 ft., or 
4 ft. in length, they can scarcely be called longitudinals. 

8. With respect to the foundation-plate as a support to 
the paving, I adhere to what I said in my previous letter. 

9. It was obvious that Mr. Livesey’s estimate was meant 
for comparison with mine, and, therefore, it should have 
included 1 the laying of the permanent way as mine did, 
having also given each item separately. 

Finally, my object is not and has not been to advance my 
system or any system in particular ; but, as I stated in my 
first communication to you on the subject, to have the 
question of the permanent way for tramways thoroughly 
ventilated, and a system adopted which would give more 
——- to the public and better dividends to share- 
holders. 

You are aware, Sir, that an injunction was lately issued 
to prevent the directors of the London Tramways Company 
from paying a dividend on account of the bad state of the 
permanent way. It was not however the paving which 
was out of order (this was generally in good condition) ; it 
was the defective permanent way, joints and fastenings, 
worn and loose rails, &c. There is no difficulty in keeping 
the paving in proper repair with ordinary attention to 
maintenance, and provided a substantial and durable per- 
manent way be adopted, the bitter complaints against tram- 
ways would soon cease. 
pologising for ocoupying so much of. your valuable 


space, remain, &c., 
Henry VIGNOLES. 
15, Delahay-street, Westminster, June 9, 1879. 








THE TOWER BRIDGE. 
To THE EpITOR OF ENGINEERING. 

Srr,—As Mr. Sedley professes to be unable to under- 
stand colloquial English, I cannot blame him for failing to 
see that the passage, quoted presumably from some future 
edition of Mr. Baker’s work, as I cannot trace it in any 
past one, does not admit of the interpretation he seeks to 
put upon it. The utmost Ag is that Mr. Selley by 
advertising or otherwise 
previously well-known cantileverand central girder mixture, 

ust as the still more ee Mr. Cockle had identified 
himeelf with the still better known aloes and starch mix- 
ture in the so-called ‘‘Cockle’s pills.” The passage 
obviously does not in any way imply that in the author’s 
opinion Mr. Sedley any more than Mr. Cockle was an 
original inventor. We speak of a bottle of ‘‘ Bass’ with- 
out implying that the great brewer was the inventor of 
beer or of bottles, or of the combination of the two, and 
we might, but don’t (with the exception of Mr. Sedley) 
by ofja ‘‘ Sedley’”’ bridge without intending to convey 

e impression that the whole or any part was an invention 
of Mr. Sedley’s. An engineer of course would as soon 
have thought of petting a tubular girder after the con- 
struction of the Britannia Bridge as of patenting the canti- 
lever and central girder combination after the lucid exposi- 
tion of the setacigies of the system given thirty years ago 

win Clark in vol. i., chapter 4, of his world-reno 
work on the former bridge. He would moreover have 
known, that, though uable in many instances, as 
tain Burnaby found was no less the case with Cockle’s 
,» especially when applied to regal savages, the system 
is quite unsuited to others. 

It is unsuited to the case of the Tower Bridge; for on 
following out the principles laid down on 80 of the 
work cited by Mr. Sedley, I find that the weight of metal 
required for the execution of that tleman’s somewhat 
sage than tan crac tn lis Spud 
cent. greater necessary for the es y 
Sir J. W. Bazalgette, the responsible and able engineer of 
the proposed work. 

Your space is too valuable I know to be occupied by 
breakers of butterflies, so my present excuse must be the 
additional illustration the preceding fact affords of the 

of a little knowledge, especially in engineering 


I frankly acquit Mr. Sedley of all previous knowledge 


Ca 
pil 


design woul 


identified himself with the | had 





of the two century old bridge referred to in = last, and 
of Clark’s work on the Britannia Bridge; indeed, I am 
willing to concede to him any amount of ce on the 
subject that he may like to claim, but I do hope now that I 
have told him all about it that he will no longer feel hurt 
at my inquiring why he called the cantilever and central 
girder structure illustrated by you a ‘‘ Sedley”’ bridge. 

He may honestly believe that he ‘‘invented’’ the system, 
and he may with equal reason honestly believe that he has 
‘* discovered” the Isle of Wight, should he chance to run 


against it in a small boat on some dark night, but surely | tained 


to 


io”’ 


the ‘‘discovery”’ would not in his opinion entitle him 
rechristen the locality “‘Sedley” island, and ” 

bay, &c., and he certainly has no greater right to style the 
immature, — and I may now add extravagant and 
costly design modestly tendered by him as a substitute for 
Sir J. W. Bazalgette’s plan, a ‘‘ Sedley”’ bridge. 

Your obedient servant, 
ANGLO-AMERICAN. 


THE PURSUIT OF SCIENCE ON A CUNARD 
SHIP. 
To THE EpIToR oF ENGINEERING. 

Srr,—I had fancied that one of the most interesting ex- 
periences of an engineer in going to sea, would be the study 
of the improved compound steam engine and its functions. 
When on a late trip of a Cunard steamer of improved t 
from America, I had got established on my sea legs, I looked 
up the chief engineer with great expectations. About the 
following conversation ensued : 

Greenhorn. Sir, Iam a sort of engineer, though not 
exactly a steam engineer, yet I should be very glad to know 
something more in detail about your impro engine. 
Would you object to showing me an indicator card ? 

Chief Engineer. Yes, ‘e a_i. If you want any 
information, ask D. and C. McIver, 8, Water-street, Liver- 





pool. 
G. (Aghast.) Well, my dear sir, [don’t want any of their. 


scientific 


private information; I only want some general 
‘ hed in the scientific 


facts, such as are sooner or later publis' 
newspapers. 

Ch. £. You never saw any facts about a Cunard ship in 
a scientific pepe. Our company minds its own business. 

G. (Riled but calm.) Pray understand that I want 
nothing which can ‘possible harm D. and C. Mclver. I 
am curious to know the pressure and points of cut-off in 
your compound cylinders. 

h. E. You'll get nothing oat of me. 

G. (With abortive diplomacy.) Of course I don’t ask 
about those points of sacaeeel engineering which are 
peculiarly your own. But the development of the com- 
pound engine is nobody’s own. We all got it, as we have 
got everything else in engineering, from a comparison of 
every ’sresults. I only ask for scientific results, which 
are, I suppose, public pooper 

Ch. E. The scientific results of our ships are the pro- 
porty of D. and C, McIver, 8, Water-street, Liverpool. 

ur company minds its own business. (Exit with his nose 
in the air. 

Liverpool, June 11, 1879. W. 





WEST OF SCOTLAND ASSOCIATION OF 
GAS MANAGERS. 

Art the seventh annual meeting of the West of Scotland 
Association of Gas recently held at Coatbridge, 
the President, Mr. Samuel Stewart, engineer and manager, 
Greenock Corporation Gas Works, delivered an address 
on his retirement from thechair. He said that the Associa- 
tion was now in the seventh year of its existence, and he pre- 
sumed there had been no year in its history in which there 
had been felt more anxiety as to the future of gas manufac- 
ture than in that just closed. During the past year there 
been very prominently forced under their notice a new 
system of public lighting—namely, that by electricity—the 
introduction of which, it was thought at one time, would 
revolutionise their whole oo of artificial lighting. That 
naturally caused some little anxiety to prevail for a short 
time amongst those persons having charge 
works and others interested; but, happily, they could now 
look back and say that there was no necessity for alarm, 
as the new mode of lighting by electricity had been pretty 
generally and fairly tried all over the country, and, for 
the present at least, had been found wanting both in 

eral utility and cheapness, as compared with gas. 
evertheless, it was undoubted that, whatever the ma- 
— of gas managers might think, there was at one time 
in the minds of many yr of gas works great 
anxiety as to the future value of their property. That 
feeling, no doubt, gave rise to great timidity in entering 
into any extension of works or mains, although from the 
present depression in trade and consequent cheap material 
and labour, there never was a better opportunity for carry- 
ing out economically any such extensions. The late scare 
res} ing the electric light, however, had not been an un- 
mixed evil, for it had discovered, both to gas consumers 
and gas works’ proprietors, that there was latent in gas 
and gas manufacture an undeveloped power. Gas con- 
sumers had discovered the fact that not only was gas a 
—~ cor mode of lighting, but it was also very convenient 


ly got at any moment. It was not necessary to 

make elaborate preparations by the erection of ma- 
chinery, inasmuch as the means by which was supplied 
did not readily get out of order, and when they did the 
remedy or repair was simply and inexpensively made. It 
was true that to burn gas with efficiency and economy there 
than had hitherto been 


were be peer meshes ee and care 

bestowed upon the matter; but gas did not require i 

to the machinery for producing the electrle light; in tact 
machi ‘or ucing ic light ; 

if only the same attention were given when consuming gas 


t was necessary, 
of knowledge shown by consumers of gas, that 
magers should take more prominent steps than they 
hitherto done to draw attention to the fact that there was 
almost. as much skill required to consume 
as to makeit. There could be no doubt that a 
of feeling against gas supplies which was frequently enter- 
i by gas consumers arose from ignorance of the 
proper methods of consuming gas. When those methods be- 
came more generally known consumers wouldacquire greater 
confidence in the manufacture, and any suspicions they 
might now have would be through the saving that 
woald be effected. It would thus me & pe advan- 
tage if managers of gas works vO to. get gas 
consumers to give greater attention to, and adopt the 
= that some had. shown to be pongatars Soe peng 
and economically consuming gas. sing. o! 
his address, Mr. Stewart spoke of the labours of Mr. D. B. 
Peebles, Mr. Sugg, and others, and paid them a high com- 
liment for ha placed in the hands of the consumers 
he means of Coaticliing the supply of gas so as to have 
an unvarying pressure, which was a very essential matter 
in the economical consumption of gas. He bg my of 
went on tosay that the proprietors of gas wor 
also seen that to keep up the value of their property 
and to provide against any casualty.that might arise from 
the introduction of other systems, it was necessary that 
they should endeavonr to find other uses for gas as well as 
that of giving light. The question of heating by gas had 
hitherto, especially in Scotland, received very little atten 
tion. In England more attention had heen paid to the 
subject. In many manufacturing towns in that couatry 
there was a large consumption of gas for heating purposes 
alone; and English gas manufacturers were becoming 
ily more alive to the importance of improving this part 
of their business. Exhibitions of gas heating appliances, 
gas engines, &c., were being held in all parts of the country 
with great success and advantage; and not only so, but 
some gas companies were taking up the plan of letting 
stoves out on hire, and even doing cooking on a scale 
for nothing, to encow the plan. In Scotland nothing had 
been done, or very little, in the way of public demonstra- 
tion, to show the advantage in cleanli and economy to 
be derived by using gas for heating purposes. The use of 
gas in cooking stoves, gas engines, and for the heating of 
shops and dwelling-houses, was inly a step in advance ; 
but even those were but a few of the many uses to which 
it might be applied ; indeed, there was no reason why gas 
should not be applied to every purpose for which fuel was 
at present employed. There was no doubt that steam 
d be raised for all purposes in engines of a stationary 
character, such as in mills and factories, &c., with greater 
economy, convenience, and rapidity than with coal as now, 
and at the same time do away with the great smoke 
nuisance, which made all our manufacturing centres often 
so un) t tolive in. The general use of gas for such 
urposes would enable manufacturers to supply it ata much 
ower rate, and would render competition by any other 
f lighting more and more difficult. The President 
then referred to the great progress made in gas manufac- 
ture within the last few years, and as illustrating that 
— he gave an interesting description of the new gas 
works at Coatbridge, which the members had been in- 
vited to inspect in the afternoon. In conclusion, he returned 
thanks for the honour conferred upon him by electing him 
an honorary member, and then in deviating somewhat 
from the rules of the Association to elect bim as President ; 
and he said he would always take an interest in the welfare 
Te peenen i baioiniiacd ‘ Anal 
@ programme of business ine papers on ‘ ysis 
of Gas Coal,” ‘‘ Self-Luting Retort Lids,” ** Relieving 
Palsation from Retorts,” and ‘‘ Twenty-Candle Gas as the 
Standard for Scotland.” 





FOREIGN AND COLONIAL NOTES, 
Rivoli and Mount Gambier Railway.—This South Aus- 


84S | tralian Railway is now open for traffic from Milicent to 


Beachport, for goods and wheat only, ments havi 

been made with Messrs. Millar Brothers. the preteen 
for that p The line is completed to within about 
15 miles of Mount Gambier, and in a few weeks Mount 
Gambier will see the first railway engi Some buildings 
at Beachport are completed, comprising a good six-roomed 
frame house of wood for a station, a large goods shed 
GOft. by 45ft., and an engine shed, 83ft by 55ft., to hold 
four copie. The rails and table are laid and completed 
up to jetty landing. The telegraph line is also com- 
Pp a 


New French Torpedo Vessel.—The Com ie des Forges 
at Chantiers de la Méditerranée have just supplied to the 
arsenal at Toulon a boat, whose le is 110 ft. 
and width only 10 ft., draught of water not ingen | 


28 in. The speed attained by this vessel at the officia’ 
trials is stated to have ave 19 knots per hour. In the 
front of the vessel is a cham furnis with a tube to 


receive a Whitehead of the largest dimensions. 
When it is desired to launch the projectile the front of 
the vessel is opened by special mechanism, and the torpedo 
is projected into the water, either by means of a jet of 
steam = compres it: De 2008, 0 the Whitehead 
torpedo e projecting it is auto- 
matically by means of the motor pools Beg it, and 
pursues its course towards the object of attack at a speed 
exceeding 20 knots an hour, 

Bridges for the St. Louis, Kansas City, and Northern 
Railway.—The Laclede Rolling Mill, St. Louis, is now 





running double, turn, employing about 400 men. The 
company owning the mill yan the iron for twenty- 
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for the Omaha extension of the St. Louis, 
ty, and Northern Railroad, It is also nas 
800 tons of splice bars and bolts for the same. This wor 
is all to be completed by August 15. 
maak tr East River Bridge.—Advertisements have 
been asking for proposals for about 5000 tons of 
cones er Se mals see ad Swe Teed'g s of the 
structure of the River Bridge, New York. 
superstructure will extend 1595 ft. 6in. from centre 
to centre of the towers, and each land span has a length of 
930 ft. from the centre of the tower to the face of the 


Hi 


to the quality and 


of a mild, uniform, elastic, and ductile quality, suitable for 
bridge members—Siemens-Martin, or open-hearth steel, 
or Boasemer steel under the Hay process will be pre- 


Victorian Gold Mining.—The estimated amount of gold 
obtained in Victoria during the quarter ending December 31, 
1878, was 207,058 oz., of which 71,875 oz. 13 dwts. were 
from alluvium, and 135,182 oz. 7 dwts. from quartz. The 
amount of from the co 
the amount received into the 


approximate ini 

Satieen aperesl tomas wockell anus hE cok tae 
worked u: ; 

number of reefs ny to be auri- 

ferous at 3402 








ment to have this done after the first span was erected. 
In 1877 farther indents were om to agit = = -< 
ap enoug carry a train, the len 

being 1380 ft., pons & the total length of the structure 
1980 ft. The operations connected with the erecting of the 
bridge were commenced under the loca! supervision of Mr. 
F. who erected the first span, and built several 
pontoons for erecting the remaining ones, but it was con- 


sidered by the engineer-in-chief a ni precaution to 
import a pneumatic apparatus to sink the cylinders in case 
any difficulty should be experie’ ing them 


in 
divers. The next superintendent, Mr. H. Parker, arri 
from land in June, _—_ his apparatus, and com- 


B 


menced work of remaining piers in position, 
and it may here be mentioned, in order to show the task 
which he had in hand, that the cylinders of the third Fist 
pox sae yee the under side of the gi his 
depth was ed b divers through 50 ft. of water 
and 30 ft. of river deitt, making a total oe below water 
level of 80 ft., under which the divers worked. No. 1 a 
is taken 70 ft., No. 2, 92ft.; No. 3, 118 ft. Le 4, 110 ft. ; 
and No. 5, 109 ft. below the under side of ¢ main girders 
It was, ‘ore, a work of considerable di ty and 
danger, and to estimate the cost with the insufficient data 
at hand was very i 
five in number, were 


are five in number, each being 114ft. 5in. in the 
and are constructed on the Warren principle. They 
were built by Messrs. Kennard Brothers, of t' 
Works, South Wales, and are a fine sample 
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sent from England. The castings for these heavier bracings, 
which are 8¥ tons weight, were made by Messrs. James 
Martin and Co., of Gawler, South Australia, and were fitted 
together at the bridge works, on a staging lowered into the 
water, and afterwards adjusted and fixed by divers. The 
cost of the bridge will be about 124,0001. 


Steel Rails on the Chicago, Milwaukee, and St. Paul 
Railroad.—The Chicago, Milwaukee, and St. Paul Rail- 
road Company has now 523 miles of line laid with steel 
rails, 10,580 tons having been put into the track during 
1878. The cost of relaying with steel rails in 1878 is re- 
turned at 119,279 dols. 


Water Supply of South Australia.—SeveraP instances 
have lately occurred of fresh water being obtained in the 
interior of Sonth Australia by sinking. Mr. Thomas 
Moseley, after four years’ search upon a run 150 miles - 
north-west of Port Augusta, has obtained excellent water 
beneath a solid rock 23 ft. deep, the supply being calculated 
at 600 per hour. A similar supply has also been 
obtained by Mr. W. M. Green on an adjoining run. 


Queensland ewerne.— Dees town in the settled 
districts of Queensland has now a telegraph office, and there 
is communication with the whole of the Australian colonies. 
A line now connects Brisbane with Normanton on the 
Gulf of Carpentaria, 1425 miles distant, aud before very 
long it is h that the wires will be extended to Port 

» and so give the Australians the advantage of dupli- 
cate land communication with the second cable which it is 
expected will be shortly laid. When this is done Queens- 
land will be placed in direct communication with Europe 
and the West. On January 1, 1878, there were in Queens- 
land 136 telegraph stations, 294 officers of various grades 
and 40 overseers and men employed in maintenance and 
construction, 50334 miles of line, and 6778 miles of wire. 
During 1877 it appears 512,093 messages were transmitted 
in d, an increase of 33,020 on the previous year. 
The in ial messages numbered 49,259, the inter- 
national 406. The revenue was, cash ae 33,3271. ; 
oe - —— on pane ye 11,794. ; - 

ternational messages .; making a 
45,2621. The i was 34,198i., showing a loss of 
Up to the end of 1877, the expendi 
stations amounted to 332, 2830. The charges to anys 
are ls. for every ten words, exclusive of name and address, 
and 1d. each additional word. 








New Srzam Linz.—The French General Transatlantic 
Company has established a new line of steamers from Mar- 
seilles to New Orleans and Colon, touching at certain 
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Spanish ports. 
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LIGHTING BY ELECTRICITY.—No. I. 


Durie the past few weeks several events of a 
public nature have occurred which have had the 
effect of giving a fresh impulse to the interest taken 
in the question of lighting by electricity, a question 
which must before long occupy a far more im- 
— position that it does at the present time. 

e most noteworthy of these events, as indicating 
the advance which the subject has made in the way 
of official recognition, has been the appointment 
and session of the Select Committee of the House 
of Commons on Lighting by Electricity, which has 
been sitting twice a week for more than a month, 
and before whom independent scientific witnesses 
have been examined as well as others, who, although 





Fia, 1. 


interested for or against one or another system of 
illumination, gave evidence none the less valuable 
for the purposes for which the committee was ap- 
pointed. 

While this committee was sitting at Westminster, 
not only was the electric illumination of the Vic- 
toria Embankment extended from Waterloo Bridge 
to Blackfriars, opening up an unbroken line of 
electric lights extending from Westminster to St. 
Paul’s—a distance of more than a mile—but the 
very excellent report to which we have already 
referred in a previous issue* has been issued by the 
Metropolitan Board of Works, which shows that in 
really good hands the Jablochkoff system is not, by 
a long way, as costly as previous experience would 
seem to indicate. 

Immediately after this followed the exhibition of 
electric lighting apparatus at the Royal Albert Hall ; 
an exhibition which, from the splendid ro 5 
accorded to it by the representatives of special sys- 
tems, as well as by manufacturers of apparatus, pro- 
mised to be one of the most complete and instructive 
illustrations of the present position of the science of 
electric lighting that had ever been brought before 
the public ; but, owing to the hurried way in which 
the exhibition was got up, and the still more hurried 
manner in which it was closed within three days of 
its being opened, a grand opportunity was thrown 
away and lost, and one, we fear, such as is not likely 
to present itself again. 

Again, the lighting of the Albert Hall by the 
Siemens light during great musical performances, 
and the illumination of the South Kensington 
Museum and Horticultural Gardens on occasions of 
conversaziones and fétes, have each and all contri- 
buted to keeping alive public interest in the electric 





* See ENGINEERING, page 417 ante. 








light, and have shown that, for such purposes, it has 
passed out of the or of laboratory experiments 
to become a practical an —" application of 
science to useful purposes. e do not think, 
therefore, that there could be a more fitting 
occasion than the present for running over in 
brief review the general question as it now 
stands, reminding our readers as we go of the 
principle and construction of the various electric 
generators employed, of the characteristic features 
of the different systems for utilising the currents so 
produced, and of such accessory instruments and 
apparatus as are —- in the regulation, 
measurement, and general investigation of those 
currents. 





Passing over the history of the subject from the 

















in construction, and it will be sufficient for our pur- 
pose to describe the latter arn which is 
shown in perspective in Fig. 1, and in cross section 
in Fig. 2. ‘ turk ee a aoaeet of cast iron 
carrying oe ste nets arranged 
radially and symmetrically pale w central axis in 
eight rows of five magnets each, their poles all being 
directed towards the axis. In the four spaces be- 
tween the magnets revolve upon a horizontal axis 
four brass disc wheels, each carrying sixteen induc- 
tion bobbins, each of which consists of a tube of soft 
iron wound with insulated ss a wire, all being 
wound in the same direction. @ magnets are so 
arranged around the machine that opposite “poles 
succeed each other both in each circular series as 
well as in each harizontal row, so that at each re- 
volution of the machine, the core of 
each of the sixty-four tobbins has 
its magnetic polarity reversed ‘six- 
teen times, and as it is impossible to 
reverse the polarity of a eet 
bar without reversing the tion 
of anelectric current induced in a 
wire wound round it, it follows that 
at each revolution of the machine 
no less than 1024 electric impulses, 
alternating in direction, are trans- 
mitted into the external circuit of 

the machine, 
Professor Holmes also designed 
a machine in which, like the early 
machine of Pixii, the induction 
bobbins were fixed, and the ets 
moved in front of them, and he 
constructed a machine of this form 
in oon clectro-megnets were sub- 
stituted for the permanent bay ets, 
@ part of the current produced being 
utilised to excite them. This was 
therefore a dynamo-electric machine, 
and in — of working, and of 
distributing the circuits, it bore some 
resemblance to the more recent ma- 
chines of M. Lontin, to which we 





shall refer further on. 
For many years the Holmes and 
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first discovery of the electric arc by 
Sir Humphry Davy in the year 1813, 
and the early magneto-electric ma- 
chines which followed Faraday’s bril- 
liant discovery of magneto-electric 
induction, all of which have been de- 
scribed in these columns, and over and 
over again elsewhere, we will confine 
our attention to those generators of 
electricity which are actually used at the present 
time for the production of the electric light and to 
those lamps and regulators which have survived the 
great battle of competition and experience, and 
which by their survival have proved themselves to 
have some claim to be reckoned among the fittest. 


VoLtTaic BATTERIES, 


Of voltaic batteries the only two that are ever 
used for the production of the electric light are 
Grove’s nitric acid (used chiefly in this country) and 
Bunsen’s carbon battery used to the exclusion of 
all others on the Continent. The cost of the 
acids employed and of the zinc consumed in both 
these combinations render them both completely un- 
fitted for the economical generation of electric 
currents of such strength as are required for the 
electric light, and batteries are only now employed 
for very special cases, such as lectures, public enter- 
tainments, and such occasions where it is incon- 
venient to employ the more cumbrous mechanical 
generators or where expense is no icular object, 
but even for such special purposes batteries are now 
giving way to dynamo-electric machines, which are 
very sadly transported from place to place and 
installed even only for a few hours’ use. 


MaaGneto-ELecTric MACHINES. 

The earliest forms of mechanical electric genera- 
tors which have been used successfully for the pro- 
duction of the electric light were the magneto- 
electric machines of Professor Holmes, which for 
many years illuminated the lighthouse of Dunge- 
ness and the South Foreland, and the machines of 
the Société Alliance, of Paris, which have been in 
use at the lighthouse of Cape Grisnez, La Héve, 
and at several other Continental stations. These 
machines are identical in principle and very similar 





Alliance machines divided the field 
between them, and for lighthouse 
illumination, where coonomay- was not so great an 
object as power and efficiency, they served their 
purpose well, but they were far too costly both 
in prime cost and in expense of working to be in 
any way applicable to general purposes, and they 
were moreover subject to all the inconveniences and 
faults to which machines which derive their currents 
from permanent magnets are liable. 

The very important invention made by Dr. 
Werner Siemens in the year 1854 of the longitudinal 
induction bobbin, or Siemens armature as it is called, 
and which has been described in these columns,* 
resulted in the production by Messrs. Siemens and 
Halske, of Berlin, of a magneto-electric machine 
possessing a very high degree of efficiency, which 
although not itself applicable to the production of 
the electric light, was the forerunner of and led 
immediately to the invention by Mr. Wilde, of 
Manchester, of a very interesting machine, interest- 
we hg being the first brought before the public in 
which permanent magnets were supplemented by 
the far more powerful electro-magnets, and still 
more interesting in connexion with the hi of 
the subject as forming an important and sp y 
characteristic link between the — magneto-electric 
machines and what are now called dynamo-electric 
machines, to which class, with one exception, all 
the modern electric light-producing machines belong. 
Mr, Wilde’s apparatus consisted of a lange Siemens 
and Halske machine having powerful flat electro- 
magnets in the place of the Pe ot ote permanent 
magnets hitherto employed, and these magnets were 
charged by the current generated by an ordinary 
Siemens- magneto machine, which for com- 
pactness was mounted on the top of the larger 
machine, and was driven at a higher velocity by a 
separate belt. With this machine very powerful 
effects both calorific and illuminating were produced. 
This double machine has by some been classed 
among dynamo-electric machines, but it clearly has 
no p> Be to be so reckoned, for it occupies a distinct 
position of itsown. It might be called an electro- 
magnetic magneto-electric machine whose electro- 
magnets are excited by the current from a magneto- 
electric machine instead of from a voltaic battery. 


* Seo ENGINEBRING, yol- xxi., p, 434 
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PAN AMALGAMATION OF SILVER ORES 
IN NEVADA AND COLORADO. 
By T. Eaieston, Ph. D. 
(Concluded from page 493.) 

Tue total loss in mercury in the mills of the west 
is very variable. In some of the most carefully 
conducted mills it has been reduced to } lb. per ton, 
and has been in thé same mill, when constant at- 
tention was not given to the matter, as high as 
6 lb. per ton of ore. In Nevada, it may be said to 
be between 1} 1b. to 3lb. At Stewart’s Mill it is 
21b. per ton of ore, at the Nederland between 1 lb. 
and 21b., at the Brunswick Mill in 1874 it was 2 lb., 
and at the Eureka Mill in 1873, 1}lb. per ton of 
ore treated. It is not always easy to see ‘where 
this loss occurs in the modern mills, except in the 
retort, but there are a thousand ways of losing it. 
Mercury is a much more volatile metal than is 
usually supposed, and cannot be exposed, unless 
under cover of water, without some volatilisation. 
If any of it is dropped, it is impossible to pick it all 
up, as it breaks and becomes scattered as an im- 

alpable powder. Mr. Adams states that in the 

wyhee Mill he found globules of mercury in the 
dust of the cross timbers of the roof, 40 ft. to 50 ft. 
above any place where it was used, It could never 
have reached there except in a state of vapour or of 
exceedingly fine dust. So true is this that in in- 
dustrial establishments or laboratories which are 
dry, and where it is likely to drop, or much of it 
must be left without any cover, it is usual to sprinkle 
the floor with flowers of sulphur. This precaution is 
not necessary where the floors are constantly wet, 
as the water keeps down the dust and helps to 
aa | off the globules. 

1 the mercury of a large mill will be moved at 
least forty to fifty times a day. In a 60-stamp mill, 
crushing 3 tons to 4 tons a day, and working 
125 dols, to 150 dols. ore, the total weight of all the 
mercury moved in twenty-four hours will not be less 
than from 30 tons to 35 tons. When this is moved, 
as it formerly was, in pails and buckets, and gene- 
rally handled by the men, it was impossible to avoid 
loss. Add to this the flouring produced in all the 
processes of stamping, grinding, and retorting, and 
there accumulates in the mere mechanical ways a 
large number of very small losses which in the ag- 
pregate make a very large amount, of which that 
ost as flour is no inconsiderable part. Other me. 
chanical losses are caused by grease of any kind, 
and by the hydrated silicates of alumina and mag- 
nesia, both of which have what is known as the 
soapy feel, and coat mercury like grease, Ex- 
a has shown that as soon as the mercury 

comes dirty, either mechanically or chemically, it 
not only loses its power to amalgamate, but is also 
much more readily floured than if it was clean. 
There are, besides these, chemical losses owing to 
the reactions of the pulp on the mercury. Add to 
this carelessness on the part of the men in charging 
the mercury in the pans, andit is no longer a matter 
of surprise that in one of the mills of Colorado more 
than 10001b. of it were found in the foundations 
under the pans, and that the loss of mercury varies 
from 3 Ib. to 6 lb. or 8 lb. per ton of ore treated. 

All the wood and ironwork of the mill which has 
ever come in contact with mercury should be re- 
torted. The woodwork of the pans and settlers, 
and all the wooden vessels, as pails, &c., and also 
the floors on which they are set when the mercury 
is not moved by machinery, should be distilled. 
The charcoal should then be ground, and added to 
the pulp in the pan, as the ashes will contain silver 
and gold if the wood has contained amalgam. This 
will effect a saving in mercury, and a small saving 
of silver. 

All the chemicals if carelessly used are likely to 
produce a certain loss. The sulphurets of copper, 
and the chlorides of silver are decomposed with the 
formation of soluble salts of mercury, which in the 
laboratory can be ee from the water of 
the pans and settlers. e chlorides precipitate 
their metals forming an with the silver, 
and do no harm; but the copper, if in excess, not 
only lowers the grade of the bullion, but as it so 
easily oxidises, makes the mercury dirty. Manga- 
nese causes a large loss also, In fact, almost any 
substance in the ore capable of being decomposed 
by the mercury directly or indirectly, will occasion 
loss. Too little attention is paid in certain locali- 
ties to the battery water, which if impure may alone 


cause a considerable loss. In order to prevent the 
loss being produced in the 


, the chemicals should 


The introduction of cyanide of potassium towards 
the close of the pan process will help to collect the 
flour and clean om » 

In order still further to reduce the loss, no sub- 
stance that has come in contact with the mercury 
should be allowed to go out of the mill. All the 
woodwork of the pans, floors, &c., and especially 
that which has been in contact with the amalgam, 
should be retorted. The cloths and canvas bags 
used as strainers should also be retorted. Every 
piece of cast iron should be examined for holes, and 
if there are many, it should -be retorted, as should 
all the copper plates, which should afterwards be 
melted. By using all these precautions there will 
still be a loss, but with proper care and intelligence 
it may always be kept at a minimum. 

On account of all these losses precautions are 
taken against them in all the best modern mills. 
Those against mechanical loss consist in appliances 
for mechanically handling the mercury, which have 
been described above, and the addition of certain 
materials to neutralise the effects of substances 
likely to coat it. 

The efforts to reduce the loss in mercury have led 
to the invention of machines for catching it, 
Among them is one invented by Mr. Varney, which 
is in use in some of the mills below Virginia City. 
The machine consists of two cones revolving the one 
over the other. The inside cone is stationary, and 
is 2 ft, high. The sides turn up to the same height 
below the bottom and form a cup in which mercury 
is placed. The cone part is covered with amalga- 
mated copper plates. The outside cone revolves, 
and is 3 ft. high on its inside. Eighty shoes made 
of hard rubber or wood 84 in. long, 2 in. wide at one 
end and 34 in.at the other, and 1}in. thick, are placed 
in such a way that in the revolution of the outside, 
every spot of the entire height of the amalgamated 
plates on the inside cone will be rubbed. These 
shoes are dovetailed into the cone in such a way as 
to be easily removed forrepairs. In the lower part 


that it is just below the level of the amalgamated 
plates, and almost touches the lower ends of the re- 
volving cone. The outside cone revolves at the rate 
of 25 to 30 times a minute, The tailings of the mill 
are discharged into the machine, and pass between 
the two cones down to the surface of the mercury, 
and out at the side. The shoes of the revolving 
cone keep the amalgamated plates bright, and the 
mercury in the tailings is sufficient to keep them 
amalgamated. The finely divided amalgam is caught 
on the amalgamated piston ; the floured mercury 
coming in contact with the surface of ths mercury 
in the bottom of the pan, which is always in motion, 
is caught by it. In one of the mills where this ma- 
chine was first introduced, before it was perfected in 
its details, half the product of twenty stamps, each 
crushing 3:tons a day, caught 28 lb. of mercury in 
48 hours, and in the next 16 daysit saved only 59 lb. 
of mercuryand 8 Ib. of amalgam, the small quantity 
being caused by the fact that from defect in con- 
struction, the shoes were so near the copper plates 
as not only to rub off the amalgam, but also to 
wear the copper. That much is to be gained by 
passing the whole of the tailings through such ma- 
chines is shown from the fact that a 20-pan mill 
without any special arrangement for catching the 
mercury, working on tailings, made a gain of 700 lb. 
of mercury in six weeks, which was but a small part 
of the mercury actually contained in the slimes. Oc- 
casionally the floured mercury and amalgam collects 
in pockets in the reservoirs. From 15 Ib. to 201b. have 
been taken from such a pocket. The failure to 
collect the mercury lost is one of the very weak sides 
of pan amalgamation. 

hn the whole western country the winters are 
very severe, and require houses of special strength 
to protect both the men and the machinery against 
cold and wind. As much of the process as possible 
must be under cover, so that the buildings must 
cover © large extent of ground, and as there must be 
a considerable fall for the purposes of the process 





of the inside cone 300 lb., of mercury are placed, so 
PACIFIC MILL AND 


they must be high. They are, therefore, expensive 
MINING COMPANY. 











































































































From sale slime ballion ee 

From 

DISBURSED To Pacific Mill and Mining Company (dividend) 
For general ex; tures ... eve eee eee 
For purchase of supplies .., 





be made to produce the 


position of the ore. 





From Pacific Milland Mining Company (borrowed):~| | 
““ “Pitining Company ~~ | 





Operations of the Mill, for the Month of. 187 . 
SUPPLIES ACCOUNT. 
DEBIT ENTRIES. CREDIT ENTRIES. 
CONSUMED. 
ON HAND. Por- TOTAL » ON HAND, 
Ist, 1874.) 5 | CHASED. | Reoxgirrs. aD. | Ast, 1874. 
— A PER TON. ToTAL. 
te 
Q 4 Qua Quan- |Q 
uan- . uan- an- |Quan- 
tities.| Costs. 3 Cost. Cost. Cost. tities, | Cost. Costs. |tities. |tities. | C8 
dols. lete. dols. /cts. | dols. lets. dols. cts. dols. ‘ots, do!s. |cts, dols. | cts. 
Wood ab Cds, | | | Cas. Cds.| Cds. 
Quicksilver Ib. | | Ib. | Ib, Ib. 
Castings .., Ib. } Ib. Ib. Ib. 
B, Stone .., Ib.) | | Ib. Ib. Ib. 
Miscellaneous } | 
Totals...  ... | | 
| | | 
Total cost of supplies used ... eee ne eco rate 
GENERAL EXPENDITURES. 
dols, lots. 
Labour .,., as per pay-roll coef 
Freight of ore do. bill sal 
Water és do. do. rm | 
Hardware... seve wee eee | do, do. ial 
OS eee eee eee do, do, inet 
Repairs current ... ove eee eos] do. do. coe] 
Repairs extraordinary .., ove} do. do. mt 
Team expenses ... ia | do. do. and 
Miscellaneous | do. do. anil 
| SS 
| Total cost per ton “ss oe eee “| 
Total cost for tons eee ooo eee 
Gross RECEIPTS: dols. lets, 
Earned by working tons ore ... Cas. Me Me 
Proceeds” bar , slime bullion | 
MILLrx@ Costs : 
ome a ove 
meral expenditure .., | | 
Profit ... | 
CASH. 
RECEIVED Dollars. | Cents. Dollars. Cents. 
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BRUNSWICK MILL EXHIBIT FOR THE MONTH OF JANUARY, 1874. 
STOCK SUPPLIES. LEDGER ACCOUNTS. 
«MILL AccoUNT FOR TAR 
MonrTH. 
Face of the 
Received during the | Consumed during /On Hand Close of Face of the Ledger Last of the Balances of Ledger 
Cans Sant Gee. Month. the Month, the Month, Month, Last of the Month. Ex- Legeee iat Soe ot 
Total j|pense| Total : j 
Dr. Cr. Dr, Cr. | Expense. “7 Credit, Dr. Cr. 
dols. dols. dols. dols. dols. dols. dols. dols. dols, ~|dols, | dols, dols. dols, 
Wood _..,. cords 220,00 122} 988.75 1445 1,208.75 Wood ... woo) 1,208.7 eos 1,208.75 oes 1,208.75 28 
Quicksilver Jb.|12;281| 13,744.40 | 6,398 7,677.60 | 7,492 7,927.60 |11,187 | 13,494.40 |Quicksilver ..| 21,422.00} 13,494.40) 7,997.60 oie 7,927.60 | 1,85 ay 13,494.40 
Casting ...  ,, |99,136]) 6,128.89 | 68,556 3,941.97 682 5,440.92 |77,000| 4,629.94 |Casting .. es-| 10,070.86) 4,629.94) 5,440.92 ae 5,440.92 1.27 ove 4,629.94 
Sul.,copper,,| 2, 240.00 | 5,690 686.62 6,200 757,00 | 1,490 169,62 |Salph. copper... 926.6: 169.62 757.00 oa 757.00 eee ar 169.62 
Lard, oil, ... gal)... eee 40 50.00 40 50.00 Lard oil... eee 50.00 ooo 50. ¥ 50.00 } -20 
Coaloil .. ., eee eee 80 48.00 80 48.00 Coal oil... cee 48. oot 48.00 seo 48.00 
Miscel., sundries} .., oss ose 2,038.43 oe 1,438,43 eee 600.00 | Miscellaneous ,.. 2,098.90 660.47; 1,438.43 én 1,438,483 34 ood 600.00 
Hauling and Hauling and 
weighing ore, Weighing...) 8,741.88 one 8,741.88 his 8,741.88 | 2.04 
tons .. ial om 4,285+7° 8,741.88 | 4,285*7°| 8,741.88 Stock .. on one 20,333.29 ose 20,333.29 eve ‘ eco Yond 20,333.29 
Nevada Mill Co,| 51,483.29) 30,356.72) 21,126.57 ese one os oes 21,126.57 
Totals “ss 20,333.29 ses 24,173.25 oes ! 25,612.58 oss 18,893.96 | Mill eos on ose 51,422.82 sos 51,422.82 eee we =| 51,422.82 
Inventory w.| 18,893.96 yn 18,893.96 
Received ... 24,173.25 Consumed _...| 25,612.58 |Labour .., e-| 6,128.00 ns 6,123,00 " 6,123.00 | 1.43 
ou Profit and loss ons - ove me ose eee An i. 19,687.24 
44,506.54 44,506.54 
121,067.26 121,067.26) 71,756.11 ' 71,756.11 | 31,735.58 
Net credit... ove ove e+] 19,687.24 
BULLION MEM. ORE. LABOUR. 
51,422.82 | 7.41 | 51,422.82 | 40,020.53 |40,020,53 
Date. |Pounds.| Crown Point Mine. Tons. | Pounds. Milling Ore, —_— 
dols. 
Jan. 9 | 642 |Received .. 2. 4285 | 470 |Payroll... ... _...| 4829.70 REMARES, 
o @ 755 Stadtmuller & Co.'s bill] 1045.83 
o we 674 Beer and Brothers’ 669,22 
» 19 809 Stadmuller account, 
e & 512 Branch.,, ove ” 78.25 
» 26 685 —— 
» 29 540 6123.00 
ee 732 
Feb. 3 12444* Total ... * eo] 4285 470 
Worked eo . 4285 470 
Total ... 65935. Balance oe o0e 
* This 1244} Ib. from the cleaning up of mill from January. A close clean up of mill at close of every month is the custom. 
BRUNSWICK MILL EXHIBIT FOR THE YEAR 1873. 
STOCK SUPPLIES. LEDGER ACCOUNTS. 
MILL ACCOUNT FoR THE 
MonTH. Face of the 
On Hand Ist of January, 1873 Received during the | Consumed during | On Hand Close Face of the Ledger Last of the Balances of Ledger “Saeearn ag 
ps r Year 1873, the Year 1873. of the Year 1873. Year 1873. Last of Year 1873. Total Ex- ’ 
Expense pense} Total 
Dr. Or. Dr. Cr. "| per | Credit. Dr. Or. 
Ton, 
dols. dols. | dols. dols. dols. | dols. dols. dols. dols. | dols dols, dols. | dols, 
Wood cords i coe 993 $, 9,937.10 97155 9,717.10 22 220.00 ood .., e+| 9,937.10 220. 9,717.10 oes 9,717.10 28 ose 220.00 
Quicksilver Ib.) 10,950 9,855.00 | 58,063 58,105.57 | 56,732 54,216.17 |12,281| 13,744.40 |Quicksilver .,.| 67,960.57 | 13,744.40 | 54,216.17 - 54,216.17 | 1.57 ens 13,744.40 
Casting »» {136,653 | 9,565.90 |639,783 41,539.96 |677,300 44,976.97 |99,136| 6,128,89 |Casting ... _—...| 51,105.86 | 6,128.89 | 44,976.97 dle 44,976.97 | 1,30 Re 6,128.89 
Sul.copper _,, 5,024 629.87 | 39,396 4,741.99 | 42,420 5,131,86 | 2,000 240. Sulph. copper ...| 5,371.86 240.00 5,131.86 ooo 5,181.86 15 ee 240.00 
Lardoil gals eee ooo 300 675.00 300 675.00 Lard oil... pn 675,00 seo 675.00 pi 675.00 } 03 
Coal oil 890 534.00 890 534.00 Coal oil ... eos 534.00 ose 534, eee 534.00 . 
Miscel., sundries} _,., oes eee 23,101.97 ino 23,101.97 Miscellaneous ,,,| 23,101.97 ik 28,101.97 eos 23,101.97 67 
Hauling and Hauling and 
weighing ore, Weighing «| 70,249.10 ese 70,249.10 atk 70,249.10 | 2.04 
tons ... eee | 272870 558.50 | 34,22653°) 69,690.60 | 34,4991°° | 70,249.10 Stock... ae ose 20,609.27 see 20,609.27 ove ooo eee eee 20,833.29 
—— ——-|Nevada Mill Co./418,946.24 |268,029.94 |150,916.30 
Totals ws | 20,609.27 208,326.19 w» —- | 208,602.17 20,333.29 [Mill =... ue] wee | 418,474.89 «.  |418,474.39 ee [418,474.39 
Inventory eee} 20,333.29 eee 20,333.29 
Received ...| ... —— Consumed _ .,,|208,602.17 |Labour ... _...| 59,231.90 59,231.90 59,281.90 | 1.72 
| 228,935.46 228,935.46 727,446.89 727,446.89 |439,083.66 '439,083.66 | 267,834.07 
Net credit ... oe of std «+. | 150,640.32 
BULLION MEM. ORE. LABOUR. 418,493.39 | 7.76 |418,474.39 20,333.29 20,333.29 
Date. |Pounds. Crown Point Mine. Tons, \Pounas. Milling Ore, o— MEMORANDUM, dols. 
} —_—— Stores, &c., January 1, 1873 .., ra ay w 20,609.27 
| | dols. Profitand loss .. 0 (a. se we awe, 150,640.92 
For 1873 | 64,206 On hand Jan, 1, 1873 ... 273 1570 |Pay roll... sab ese] 43,889.00 —_—— 
Received during 1873 ...! 34,226 330 | Boarding house bills 15,342,990 171,249.59 
| —_— ae —_— Surrender of Brunswick Mill Company's account 150,916.30 
Total...  .. | 34,499 | 1900 59,231.90 —_—— 
Worked + eve: 34,499 | 1900 Opened new accounts with stock ...  «. 20,333.29 
| | oO, eee M. R, ELSTNER, Superintendent, 
| Balance eee 
BRUNSWICK MILL.—MEMORANDUM pg Me BULLION DEPOSITED AT THE MINT OF THE structures, and must be kept in the best repair. 
STATES. The charge for milling in Stewart’s Custom Mili 
No. 513. At Carson, Neuada, the 13th day of November, 1874; by W. F. and Co. for C. P. G. and 8. M. Co. in Colorado is 35 per cent. of the assay value of the 
| ore, On the Comstock the price is generally settled 
DESCRIPTION OF! 7 GOLD PARTED FROM THE . A - 
BULLION. | Watent. SILVER. DEDUCTIONS. by contracts which have several years to run, and is 
ieee a matter of special arrangement between the mill 
This memoran- VALUE OF THE and Sownees. 
dum is for the FINENESS.| * ” SrvER, For Farting Net VALUE, The cost of treatment to the large mill companies 
ae teen Before Melting.| After Melting. Fineness.| Value. Coinage, and on the Comstock Mill will not usually be as high as 
and is of no Fine Bars. 8.00 dols. At the Brunswick Mill in January, 1874, 
other value. it was 7.41 dols. The average for the whole year 
= ae a was a little higher, mars Rhea dols. They rarely 
charge less than 12.50 dols. on large and long con- 
ounces. | dec, | ounces.} dec. | 1000ths. | dollars, jcents.| 1000ths. |dollars. |cents. |dollars. |cents. | dollars. |cents. P ; Or f 
2,031 | 80 946 2,483 | 78 050 2,100 | 04 tracts. The — in np localities will vary 
10,497 | 60 1,804 | 00 945 2,202 | 95 0514 1,920 | 52 according to the number of mills in the district. 
947 
Amalgam. i od] at oe | ae i ee vas | 3 12617 | 36 | When the supply of ore is short, and the number of 
short7 | 60*| 2,200 | 90 947 2,693 | 34 0503 2,297 | 56 10,831 | 63 | mills large, there have been times when custom 
loan | 70 12617 | 30 oss 7448 | 99 mills have d more for the ore than it was worth, 
Loss in melting 1,89, per cent. in order either to get the monopoly, or to keep the 
mill running, as it is always very expensive to shut 
a down. Asa usual thing, bowever, it is the miner 
* This difference of 7,9, oz. is of little consequence, as this discrepancy occurs between milland mint scales. r and not the millman who suffers, for there are 
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generally fewer mills than the mining capacity of 
the district needs ; hence the miner is at the mercy 
of the millmen. 

The blank form on page 514 gives the methods of 
keeping the account to get at the exact cost of 
milling of the Pacific Mill and Mining Company. 

The first Table on page 515, which has been pre- 
— by Mr. M. R, Elstner, superintendent of the 

runswick Mill, gives the running expenses of this 
mill for January, 1874. 

The second Table, also prepared by Mr. Elstner, 
gives the total expenses for the year 1873, and the 
third Table, also prepared by Mr. Elstner, gives the 
record of the bullion deposits of November, 1874, 
at the United States Mint in Carson City. 

The cost of a small mill of less than 15 to 20 
stamps, with all its appliances, will not be less than 
1000 dols. per stamp. A 60-stamp mill, like the 
Consolidated Virginia, Brunswick, and Eureka 
mills of Nevada, can be built for from 600 dols. to 
700 dols. per stamp. 

Notwit — this great outlay, the mills— 

which are generally owned by companies who con- 
tract to work the total product of the mine—almost 
always declare large dividends, while the mines are 
often not worked to a profit, The way in which the 
ores are purchased (see ENGINEERING, vol. xxii., 
p. 200), leaves such a margin of profit to the skilful 
mill manager, that there is very little left to pay the 
miner for his trouble, unless the ore is very rich, or 
he is in some way interested in the mill. The owners 
of custom mills who have no mine interest or con- 
tract, but are obliged to go into the open market to 
purchase their ore, cannot therefore compete with 
the owners of mills who have large mine contracts ; 
and must either sell out to them, or be absorbed by 
them. fence, as the mill makes most of the profit, 
the miner is generally anxious to erect a mill before 
he has fairly opened his mine. A great many really 
good enterprises in the west and elsewhere, have in 
this way been ruined, merely because the capital 
which should have been invested in opening the 
mine, has been spent in surface improvements before 
there was a mine to justify them. Monuments of 
the folly of spending the capital of mining com- 
panies on surface improvements exist in the shape of 
ruined buildings aud rusty machinery which belongs 
to no one, and which no one can buy, sell, or use, 
which are going to decay as fast as the elements can 
destroy them. Many of these ventures were the 
honest endeavour to work mines, but which was 
guided by want of skill and judgment. A few of 
them were speculations for purposes not strictly 
honest ; but they have all brought mining more or 
less into discredit as a haphazard investment, when 
in reality, with the same foresight, prudence, and 
management, which is given to other commercial 
transactions, mining and milling would pay more 
than double the legitimate profits of ordinary busi- 
ness. 

The power which drives the mills is usually 
steam. Sometimes water alone is used, as in the 
Eureka and Brunswick mills, and sometimes both 
water and steam. When water is used at all, it is 
always best to have an engine in reserve to run the 
mill in case of freshet or drought. The Brunswick 
Mill has two La Fille wheels, of 250 horse gover each. 
The driving wheel is 9 ft. in diameter. ‘The driving 
belt is 42 in, wide. In July the water here gives out, 
and in the spring the wheels are set so low, that 
the water some times backs em the wheels, 
and prevents their working. e question of the 
use ot steam or water power is one which has to be 
settled every time a new mill ia built. The opinion 
of most engineers would at once be in favour of 
steam ; as it has to be used in the mill the year 
through, for heating the pulp, a part of the equip- 
ment of a steam engine must necessarily be there. 
Water in all new mining countries is an exceedingly 
uncertain reliance, and a mill depending on it alone 
will generally be idle from a quarter to half the 
year. Where water power is the only force used, 
the saving over steam is 80 pa c2nt., since some 
steam has to be used; and thie is true only 
on the supposition that there are no stoppages. 
The loss occasioned by a few weeks stop of a large 
mill, would very soon pay the expense of the engine 
and boilers, and it therefore seems poor economy to 
rely on water alone. 

i am indebted to Mr. J. M. Scott, of San Fran- 
cisco, for the following information with regard to 
the total amount of water and power required in a 
large mill. Each stamp generally uses 10 1b. of water 
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DETAILS OF MALLET’S COMPOUND LOCOMOTIVE. 
(For Description, see opposite Page.) 
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of the mill may be run into a reservoir (which thus | 
becomes a tailing reservoir), and is pumped back 
with a loss of 20 per cent. In such a case there 
would be required for the stamp, 2 lb. ; for the pan, 
3.2 lb.; and for the settler, 1.8 lb. 

The total power required for a 60-stamp mill is : 





Horse power. 

60 stamps at 1} horse power ° 67.5 
28 pans at 4 9 112. 
14 settlers at 2 a 28. 
3 concentrators at 2 ,, 6. 

1 Blake crusher... 5.5 
Loss by friction 25. 

Total power required 244.0 


The engines of all the 60-stamp mills of Nevada 





r minute, each pan 16 lb., and each settler 9 Ib. 
In cases where water is very scarce, the whole water 











are made at least double this calculated power. 























The total amount of water required for ‘such a 


mill will be: 
244 h i inute 183 
orse power requires, per minu 1 
60 stamps oa areal eve 600 
28 pans ove eee AAS 
14 settlers 126 


Total amount of water required per minute 1357 
Of this amount 1174 lb. can be used again, at a 


loss of 20 per 


can be condensed at a loss of 50 per cent. : 


20 per cent 
50 
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cent., and the 183 lb. for the engine 


. of 1174 Ib. 
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PROJECTS FOR THE PANAMA SHIP 


Fia. 1. 


(For Description, see Page 518.) 





Fia. 2. 
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This is the total amount of water consumed when 
rvoir is used. 

: ‘These details are of much less importance than 
they formerly were when there were no ditch com- 
panies. They are intimately connected with the 
question of saving slimes and tailings, and are of 
vital importance in all countries where water is 
scarce. 

In conclusion, I beg to express my thanks to the 
Miner’s Foundry of San Francisco for drawings; to 
W. H. Patton, the designer and constructor of the 
Consolidated Virginia Mill for the loan of the draw- 
ings from which the mill was built; to Mr. Elstner, 
of the Brunswick Mill, who has furnished me by 
letter with a large amount of information, and to 
the managers of the mills generally who have very 
kindly entered into my plan of endeavouring to pre- 
sent a fair outline of the methods in use on the 
western coast for the milling of silver ores. 








THe WorLD’s METALLURGY.—Theleading iron and steel 
producing countries of the world are as follows in the order 
of their prominence : 1. Great Britain. 2. United States. 
8. Germany. 4.«France. 5. Belgium. 6. Austria and 
Hungary. 7. Russia. 8. Sweden. These countries pro- 
duce more than 98} per cent. of the world’s annual make of 
iron and steel, 
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LOCOMOTIVES AT THE PARIS 
EXHIBITION.—No. XX. 
FRANCE—(continued). 

A PARTICULARLY interesting exhibit amongst the 
locomotives in the French section was M, Anatole 
Mallet’s compound locomotive, of which we this 
week give a two-page engraving. M. Mallet has 
for some years devoted considerable attention to the 
application of the compound system of locomotives, 
“a the success with which he has met in practice 
has been such as to render his plans entitled to very 
careful attention. It would be of much interest to 
trace the successive steps made by M. Mallet in the 
application of his system, but inasmuch as this sys- 
tem forms the subject of a paper to be read by M. 
Mallet himself before the Institution of Mechanical 
Engineers this evening, and as we intend in a future 
number to publish that paper, we think it better on 
the present occasion to confine ourselves solely to a 
description of the engine exhibited last year, and 
of which we now publish illustrations. 

This locomotive, is as will be seen from our two- 
page engraving, a tank engine of the six-coupled 
outside cylinder type, and it is one constructed by 
the Société Anonyme des Ateliers de Construction 
de Passy, for the Bayonne and Biarritz Railway, on 








CANAL. 
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Dimensions du transport dela 
marine mili’? l'Annamite. 
Tonnage 31047 Dépl' 5623 





which line M, Mallet first tried his system on 
three engines constructed by MM. Schneider and 
Co., of Creusét. In the general arrangement of the 
engine we illlustrate, there are, apart from the 
cylinders and the valve gear, no points requiring de- 
tailed notice, the special features of M. Mallet’s plans 
consisting chiefly in the arrangements whereby the 
engine can be readily worked either compound or 
with a direct supply of steam to both cylinders at 
pleasure. In the engine we illustrate, the cylinders 
are respectively 11.02 in. and 16.54 in, in diameter, 
the stroke in each case being 21.65 in. The volumes 
swept through. by the two pistons are thus in the 
proportion of 1 to 2.25. e mode of fixing the 
cylinders and the general arrangement of the valves, 
steam and exhaust pipes, will be readily understood 
on reference to Figs. 1, 5, and 6 of our two-page 
engraving, while the details of the distributing valve 
by which the working of the engine either direct or 
compound is controlled, are shown by Figs. 7, 8, 9, 10, 
and 11 on the opposite page. 

The steam is taken from the dome, which contains 
an ordinary regulator E, whence the steam passes 
through the pipe ¢ to the casing of the distributing 
valve, as shown in Figs. 5 and 10. Referring to this 
latter figure it will be seen that the steam entering 
the casing by the pipe e has direct communication 
to a second pipe ¢' which leads to the valve chest of 
the small cylinder, as shown in dotted lines in 
Fig. 5. After being used in the small cylinder the 
steam thus admitted by the pipe ¢'is exhausted 
through the pipe c’ (shown full in Fig. 5, and also in 
Fig. 9), and is thus conducted back to the casing of 
the distributing valve. If the engine is working 
non-compound this exhaust steam from the small 
cylinder to be discharged direct to the blast 
nozzle, if, on the other hand, the engine is working 
compound, the steam has to be passed over to the 
large cylinder, and we shall hereafter explain how 
this distribution is effected. 

The large cylinder has an exhaust-pipe D' ar- 
ranged in the ordinary way, as shown in Fig. 5, 
while its valve chest is connected by another pipe D 
(see Figs. 5 and 6) with the casing of the distribut- 
ing valve, the pipe receiving either steam direct 
from the boiler, or exhaust steam from the small 
cylinder, according to the position which the distri- 
buting valve occupies, The distributing valve a (see 
Figs. 5, 7, 8, 9, and 11) is an ordivary slide valve 
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working on a face having three ports, 4, c, and d, as 
shown in Figs. 7 and 11. Of these ports, that on 
the left, b, communicates by a short pipe b, (see 
Fig. 5) direct with the exhaust nozzle. The right- 
hand port d, on the other hand, communicates by 
the passage d, with the pipe D, which we have 
already mentioned as connecting the distribution 
valve casing with the valve chest of the low-pres- 
sure cylinder, Finally the central port c communi- 
cates by the exhaust pipe c, with the high-pressure 
cylinder. It will thus be seen that when the distri- 
buting valve is in the position shown in Fig. 7, the 
exhaust steam from the small cylinder will pass, as 
shown by the arrow, to the supply pipe of the large 
cylinder, and the engine will thus work compound, 
If the distributing valve be moved into the position 
shown by Fig. 11, then the large cylinder will re- 
ceive its supply of live steam direct from the boiler 
through the port d, while the small cylinder will 
exhaust direct to the chimney, the cavity of the dis- 
tributing valve connecting the ports 4 and c. 

In the earlier compound locomotives constructed 
on M, Mallet’s plans, the steam, when the engines 
were working non-compound ; passed direct into 
the large cylinder at the boiler pressure, and the 
work done in that cylinder was consequeatly much 
larger than that done in the high-pressure cylinder, 
Although this unequal distribution of the total 
work between the two sides of the engine caused 
no practical inconvenience, yet it was feared that it 
might do so on more powerful engines, while, more- 
over, it was evident that if all the parts connected 
with the low-pressure piston had to be made to 
withstand the full boiler pressure, the working gear 
on that side of the engine would have to be much 
heavier than on the other. ‘These considerations led 
M. Mallet to apply to his later engines an arrange- 
ment of reducing valve by the aid of which the pres- 
sure of steam admitted to the large cylinder was con- 
trolled to a certain fraction of the boiler pressure, 
or of the steam allowed by the regulator to pass into 
the pipe e. The arrangement of this reducing valve 
will be readily understood on reference to Figs. 9 
and 10 on page 512. Referring to these figures it 
will be seen that the steam supplied from the boiler 
through the pipe ¢ has not a direct communication 
with the chamber in which the distributing valve 
works, but has to pass by the port g' into a cylin- 
drical chamber fitted with the piston /, this chamber 
having a second port g communicating with the 
chamber F containing the distributing valve. The 
piston / has a kind of plunger /, formed on one side 
of it, this plunger passing out through a stuffing 
box as shown, and thus leaving an annulararea only 
exposed to the steam which is ing from the 
port g, to that marked gy. On the other hand the 
full area of the other side of the piston is exposed to 
the pressure of the steam in the chamber F contain- 
ing the distributing valve, and it thus follows that 
for the piston to remain in equilibrium, the pres- 
sures in the space between the ports g, and g, and 
in the chamber F respectively, must be in the inverse 
ratio of the piston areas exposed to their influence. 
Thus if the pressure in the chamber F rises above 
that due to the ratio, the piston will be moved 
towards the right, and the port g partially closed 
by it, thus wire-drawing the steam, while if the 
pressure in F falls unduly the piston will shift to 
the left, and thus give a greater area of port open- 
ing. It will be noticed that a stop 4 is provided to 
prevent the piston from closing the port g entirely. 
This provision is made to prevent an undue accu- 
mulation of pressure taking place in the chamber 
F if the engine is running reversed and the pistons 

umping back air and vapour into the boiler on the 

e Chatelier counterpressure system. In some 
engines, however, M. Mallet provides against this 
contingency by fitting the chamber I with a 
safety valve suitably loaded. 

The reversing gear with which M. Mallet’s en- 
gine is fitted includes some special features, which 
we shall be able to explain by reference to Figs. 1, 
2, and 4 of our two-page engraving, and Figs. 12, 
13, and 14, on page 512. It is, of course, desirable 
that, when the engine is working compound, the 
power developed on the two cylinders should be as 
ncarly as possible equal, and with a view of securing 
this, Me Mallet has made provision for adjusting the 
degree of expansion for the two sides independently. 
To enable this to be done, the weighbar, instead of 
being continuous as usual, is made in two parts, G 
and G, (see Fig. 2), the shorter part carrying the 
lifting lever for the link of the low-pressure cylinder, 
while the longer part, G,, extends to the left-hand 
side of the engine, and serves the gear of the high- 





Tue Panama Surp CANAL.—SuMMARY OF PROPOSED ScHEMES. 








, l Estimated Annual 
Number of Total Length Number of Length of Estimated Cost of Estimated Du- 
Scheme. wr ' Locks. Tunnel. Cost. | Maintenance. | ration of Work. 
miles. miles. £ | £ Years. 
1 180 22 4.75 17,800,000 | 400,000 9 
2 147 22 -500 26,000,000 | 600,000 12 
3 78 0 10.5 24,000,000 240,000 12 
4 33 0 10. 19,000,000 160,000 10 
5 45 25 19,200,000 400,000 6 
5 47 0 4.75 19,000,000 200,000 6 
7 182 21 0 21,000,000 600,000 10 

















pressure cylinder. The two parts of the weighbar 
just mentioned are respectively governed by the 
rods, I' and J', the former of which (belonging to 
what may be called the low-pressure section of the 
weighbar) is coupled direct to the nut i of the 
screw reversing gear, shown in Figs. 12, 13, and 14, 
which the rod J' is coupled to the lever L, this 
lever having an indirect connexion with the nut, i, 
by means of the notched sector L!, which the nut 
carries, It follows from this arrangement that if 
the catch of the lever L be placed in the middle 
notch of the sector L', the rods I and J will be 
shifted together, and the link motions on the two 
sides of the engine will be set to the same degree 
of expansion. By means of the lever L and sector 
L', however, the valve gear for the small cylinder 
can be separately adjusted, so that the cut-off in 
that cylinder may be made either earlier or later 
than that in the large cylinder. Stops, j, j', are 
provided to limit the movement of the lever L, and 
it will be seen that the arrangement is such that the 
two sets of valve gear are reversed together just as 
in an ordinary locomotive. 

The last special feature to which we have to call 
attention in the locomotive under notice is the blast 
nozzle, which is of the annular type described by 
M. Mallet, in a letter which we published on page 
221 of our twenty-fifth volume, and which we 
illustrated at the time. Referring to Figs.] and 5 
of our two-page engraving, where it is also shown, 
its construction will be readily understood. Of 
course, when working compound there are only two 
discharges of steam for each revolution of the 
wheels instead of four as usual, and it was with 
a view of correcting as far as possible any diminu- 
tion in the effect of the blast, due to this lessened 
number of discharges, that M. Mallet adopted the 
annular nozzle. The results of the working of this 
nozzle are stated to be exceedingly satisfactory. 

In view of our early publication of M. Mallet’s 
paper, to which we have already alluded, we do not 
propose to enter here into any analysis of the 
economical results which M. Mallet has attained by 
the application of the compound system to loco- 
motives ; but the subject is one respecting which 
we may probably have something to say on a future 
occasion. For the present we conclude by subjoining 
in a tabular form the leading dimensions of the 
engine we this week illustrate : 


Cylinder and Wheels : ft. in. 
Diameter of small cylinder... 0 11.02 
: rge 99 ose 1 4.54 
Stroke of pistons .. <a i eve 1 9.65 
Distance apart of cylinders from centre 
to centre _ eco os ove 6 477 
Diameter of wheels (all coupled) ese 4 1.24 
Wheel base ape ove ‘~ we 8 10.3 
Boiler : 
Diameter of barrel bes oo ane 3 4.2 
Height of centre of barrel above rail 6 12 
——_ of firegrate eee ee i 4 7.1 
Width “ ub des es 211.4 
Height of crown of firebox above grate 2 5.7 
Number of tubes con oe 130 
Diameter of tubes outside me ade 0 1.77 
Length of tubes between tube plates... 9 6.2 
sq. ft. 
Heating surface: Firebox _... “te 61.3 
Tubes (external) ... 573.0 
Total 3 
Firegrate area... ose a0 ve 13.6 
Sectional area through tubes ... nit 1.75 
Ratio of firegrate area to total heating 
surface ... te ies he + 1:466 
Ratio of sectional area through tubes 
to gratearea ... eco ose wae ee A 
Capacity of tanks are 550 gals. 
Weight of engine empty fe ... 20} tons 
- pa in working order ... 244 ,, 








THE PROPOSED PANAMA CANAL. 
On the 15th of May last the International Congress for 
considering the subject of the construction of an Inter- 
oceanic Canal assembled at Paris, The Congress was 


composed of about 140 members, half of whom were 


French, the remainder being of different nationalities. 
Seven schemes were placed before the Commission for 





examination, all of which are indicated by Fig. 1 on the 
preceding page, while Figs. 2, 3, and 4 show the routes 
No. 4, 6, and 7 respectively to an enlarged scale. The 
tabulated summary above gives a few of the leading par- 
ticulars of the different schemes. 

Schemes Nos. 3 and 4 are remarkable for the number 
of tunnels involved. Fig. 5 gives a section of one of 
these tunnels, and Fig. 6 is a section of the Mont Cenis 
Tunnel showing the relative proportion of the two works. 
We are indebted to our contemporary, L’ Illustration, for 
the use of these blocks. Want of space prevents us from 
referring more fully to this interesting subject this week. 
We shall, however, return to it on an early occasion. 


PERMANENT WAY FOR TRAMWAYS. 
To THE EDITOR oF ENGINEERING. 

S1r,—I fear it would be rather a loss of time, and of 

our valuable space, to discuss in detail Mr. Vignoles’ 

t remarks, as my letter of the 28th ult. is a complete 
answer to a ithat has been advanced by him. 

He now admits that he has only twelve months’ 
experience as a tramway consulting engineer, and that he 
has not laid a single mile of his own permanent way. I do 
not consider such an experience is sufficient to enable an 
one to give more than a theoretical opinion on so difficult 
a subject, it would therefore be interesting to have other 
views by those who have had practical experience, as such 
theoretical assertions as those made by Mr. Vignoles afford 
no reliable data upon which safe calculations could be 
based. I am, Sir, yours, &c., 

James LIVESEY: 

9, Victoria Chambers, Westminster, June 18, 1879. 


CARBURETTED AIR, 
To THE EpiTor OF ENGINEERING. 
Str,—I beg to thank your esteemed correspondent 
Mr. Denny Lane for the honest tact he has displayed in 
ours of May 23rd ultimo on my irregular experiments ; 
is calculations are right, nased upon the weight of a 
cubic foot of air, but my calculations are based upon 
the time required to displace equal volumes from one cubic 
foot each of carhuretted air and carburetted gas under 
equal pressure through the same aperture. I assume Mr. 
Denny Lane is aware that calculation by weight compared 
with calculation by emission do not agree. hy they do 
not I am anxious to know. Onthe average from a number 
of experiments, I find the difference between the two tests 
on gas with condensable hydrocarbons ranging from 23 to 27 
grains per cubic foot as follows : 
Special under bar. 30.0 and thermometer 62 deg. 
Shilling’s test, air, 106 seconds ; gas, 71 seconds. 
Counterpoised exhausted globe filled with air = 31.2 
grains, gas=14.8 grains. 
Shitling’s Test. 
Grains in Grains in 
1Cubic Foot 1 Cubic Foo 
of Air. of Gas. 








Gas 713 — 450x535.9 = 243.1" 
Air 1062 
Actual Weight Test. 
Gas 14.8 grains_ 474595.9 = 259.7 


Air 31.2 grains 

While experimenting on the increased volume of one cubic 
foot of air and gas fully carburetted, I had great difficulty 
with the experimental meters aspirating from the outlet of 
meter with the wash-bottle on inlet, the volume so in- 
creased as to unseal the centre opening of drum. The same 
occurred while comparing the volume out of wash-bottle 
through the second meter, therefore I am under the im- 
pression the increased volume 320 and 270 per 1000 due to 
the measured volume of air and gas fully carburetted are 
understated in my letter, but the quantities taken up by 
each, and the illuminating power indica are correct. 
Perhaps the pressures required to give 5 in. and 7 in. flame 
may be of interest. They are as follows: 


Gas. 

5in. flame y\;th ft., duration 259 secs., pressure ae in. 

7 % ” 188 . ” Yo ” 
Gas and Gasoline. 

: in. flame p5th ft., duration 937 secs., pressure ;$,ths in. 


” ” ” 


Air and Gasoline. 
5in. flame 7,th ft., wee ip pressure yhj5ths in. 


J. H. Knight, in yours of May 30, is correct in stating. 
“A burner that will do for coal is almost useless for air 
gas,”’ because the emission of a small volume lit under 
pressure seems to be explosive in the atmosphere. In all 
tests throngh the same aperture I find a7 in. flame the 
limit, above that it goes out with explosion ; I also find if 
the gas is allowed to issue from the burner unlit, it will fall 
to the ground ; therefore I advise in lighting railway car- 
riages provision be made against these points of danger. 


Yours truly, 
June 16, 1879. Wiuu1am Lyon. 
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THE STUDENTS OF THE INSTITUTION 
OF CIVIL ENGINEERS. 
To THE EpIToR OF ENGINEERING. 

S1r,—I notice in your issue of the 30th inst., a paragrap 
relating to the fourth annual dinner of the Students of the 
Institution of Civil Engineers. I think that the students 
who have got up this annual dinner should justify the title 
they assume for it, by at least giving the rest of the students 
an opportunity of being present. for one have received 
no notice of the present dinner. Last year I was honoured 
with a card announcing it, and availed myself of the op- 
portunity afforded of becoming better acquainted with m 
fellow-students. It would be useless to ask the s 
body of the promoters of the dinner to allow the body of 
the students to have some voice in the arrangement of de- 
tails, but I must protest against their using the title they 
do, when the dinner, so far from being representative, is 
limited to a small number. 

Yours truly, 


STUDENT OF THE INSTITUTION OF CIVIL 


ENGINEERS. 
May 31, 1879. 





ELECTRIC LIGHTING. 

Tue Select Committeee of the House of Commons 
appointed ‘‘ to consider whether it is desirable to authorise 
municipal corporations or other local authorities to adopt 
any schemes for lighting by electricity, and to consider 
how far, and under what conditions, if at all, gas or other 
public companies should be authorised te supply light by 
electricity,’’ have agreed to the following report : 

“ The ——_ nature of the electric light has been well 
explained in the evidence of Professor Tyndall, Sir William 
Thomson, Dr. Siemens, Dr. Hopkinson, and others. It is 
an evolution of scientific discovery which has been in active 
progress during the whole of this century. Essentially the 
electric light is produced by the transformation of energy 
either through chemical or mechanical means. The energy 
may be derived from a natural force, as, for instance, a 
waterfall, or through combustion of a material in the cells 
of a voltaic battery, or of fuel in a furnace. The energy 
being conve into an electric current may be used to 
manifest electric light by passing between carbon points 
or by rendering incandescent solid bodies, such as 
iridium. A remarkable feature of the electric light 
s that it produces a transformation of energy ina singularly 
complete manner. Thus the en of one-horse power 
may be converted into gaslight, and yields a luminosity 
equal to 12-candle power. But the same amount of energy 
transformed into electric light produces 1600-candle power. 
It is not, therefore surprising that while many practical 
witnesses see serious difficulties in the speedy ptation 
of the electric light to useful purposes of illumination, the 
scientific witnesses see in this economy of force the means 
of great industrial development, and believe that in the 
future it is destined to take a leading part in public and 
private illumination. There is one point on which all 
witnesses concurred, that its use would produce little of 
that vitiated air which is largely formed by the products of 
combustion of ordinary illuminants. 

** Scientific witn also considered that in the future 
the electric current might be extensively used to transmit 
power as well as light to considerable distances, so that 
the power applied to mechanical purposes during the day 
might be made available for light during the night. Your 
committee only mention these opinions as showing the 
importance of allowing full development to a practical 
application of electricity, which is believed by competent 
witnesses to have future important ings on industry. 

** So far as the practical application of the electric light 
has already gone, there seems to be no reason to doubt that 
it has established itself for lighthouse illumination, and is 
fitted to illumine large symmetrical places, such as squares 
public halls, railway stations, and workshops. It is us 
in Paris for lighting shops which require a light by which 
different colours ma; distinguished, and has recently 
been used in England for the same —— with satisfac- 
tory results. Many trials have been e for street illu- 
mination with greater or less success. 

“Compared with gas, the economy for equal illumina- 
tion does not yet appear to be conclusively established. 
Although in some cases the relative economy for equal 
candle-power is on the side of the electric light, yet in 
other cases gas illumination of equal intensity has the 
advantage. Unquestionably the electric light has not 
made that progress which would enable it in its present 
condition to enter into general competition with gas for 
the ordinary purposes of domestic supply. In large esta- 
blishments the motors necessary to produce the electric 
light may be readily provided, but, so far as we have 
received evidence, no system of central origin and distribu- 
tion suitable to houses of moderate size has hitherto been 
established. 

‘In considering how far the Legislature should inter- 
vene in the present condition of electric lighting, your 
committee would observe generally that in a system which 
is developing with remarkable rapidity, it would be lament- 
able if there were any legislative restrictions calculated to 
interfere with that development. Your committee, how- 
ever, are not in a position to make recommendations for 
conditions which may hereafter arise, but at present do not 
exist, as to the distribution of electric currents for lighting 
private houses from a central source of power. No legisla- 
tive powers are required to enable large establishments, 
such as theatres, halls, or workshops, to generate electricity 
for their own use. 

“*If corporations and other local authorities have not 
power under existing statutes to take up streets and lay 
wires for street lighting or other public uses of the electric 
light, your committee think that ample power should be 
ge them for this p There seems to be some con- 

of evidence as to whether the existing powers are suffi- 








cient or not. But even in regard to local authorities it 
would be necessary to impose restrictions upon placing the 
wires too near the telegraph wires used by the Post Office, 
as the transmitting power of the latter would be injuriously 


h affected by the too close proximity of the powerful electric 


currents needed for producing light. 

**Gas companies, in the — of your committee, have 
no special claims to be considered as the fature distributors 
of ps light. They possess no monopoly of lighting 
public streets or private houses beyond that which is given 
to them by their power of laying pipes in streets. Electric 
light committed to their care might have a slow develo 
ment. Besides, though gas companies are likely to benefit 
by the supply of gas to gas-engines which are well suited 
as machines for producing electric light, the general pro- 
cesses of gas manufacture and supply are quite ike 
those needed for the production of electricity as a motor or 
illuminant. 

“Your committee, however, do not consider that the 
time has yet arrived to give Fp me powers to private 
electric companies to break up the streets, unless by con- 
sent of the local authorities. It is, however, desirable 
that local authorities should have power to give facilities 
to companies or private individuals to conduct experiments. 
When the progress of invention brings a demand for facili- 
ties to transmit electricity as a source of power and light 
from a common centre for manufacturing and domestic 
purposes, then, no doubt, the public must receive com- 
pensating advantages for a monopoly of the use of the 
streets. Asthe time for this has not arrived, your com- 
mittee do not enter into this subject further in detail than 
to say that in such a case it might be we to give to 
the municipal authority a preference during a limited 

riod to control the distribution and use of the electric 

ight, and, failing their acceptance of such a preference, 
that any monopoly given to a private company should be 
restricted to the short period required to remunerate them 
for the undertaking, with a reversionary right in the 
municipal authority to purchase the plant and machinery 
on easy terms. But, at the present time, your committee 
do not consider that any further specific recommendation 
is necessary than that the local authorities should have 
full powers to use the electric light for p of public 
illumination ; and that the Legislature should show its 
willingness, when the demand arises, to give all reasonable 
powers for the full development of electricity as a source of 
power and light.’’ 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig [ron Market.—The warrant market was dull 
last Thursday, and prices receded to the extent of 2d. per 
ton. There were transactions during the forenoon at from 
42s. 1d. to41s. 11d. cash, and from 42s. 14d. to 41s. 11id. 
one month, the market closing with buyers at 41s. 11d. 
cash and 42s. one month, and sellers asking 1d. per ton 
more. The quotations in the afternoon were 41s. 10}d. 
cash and 41s. 114d. and 41s. 11d. one month, and at the 
close there were buyers at 41s. 10d. cash and 41s. 10id. one 
month, and sellers near. Friday’s market was also dull, and 
there was a decline in prices to the extent of 34d. per ton on 
the day and 5d. on the week. Business was done in the 
morning at from 41s. 9d. (14d. down) to 41s. 7d. cash, and 
from 41s. 10$d. to 41s. 8d. one month, buyers remaini 
at the close at the lower quotations, and sellers asking 1d. 
per ton more. In the afternoon 41s. 7d. was paid, and the 
market closed with sellers at 41s. 7d. and buyers at 41s. 64d. 
cash. Monday’s market was depressed in a marked degree 
on account of a disquieting rumour having been received 
from the iron districts of the English Midlands, where, it is 
believed, the worst point has not yet been reached. Prices 
opened in the morning at afurther decline, and closed 3d. 
per ton lower than the closing quotations of Friday after- 
noon, and 2d. lower than the lowest quotations since the 
month of June, 1852. Iron changed hands during the fore- 
noon at 41s. 5}d. to 41s. 7d. cash, and 41s. 74d. to 41s. 84d. 
one month, buyers remaining at the close at the higher 
quotations and sellers near. In the afternoon prices 
receded from 41s. 6d. to 41s. 4d. cash, and from 51s. 7d. 
fourteen days to 41s. 6d. one month; the market closing 
with sellers at 41s. 44d. cash, and 41s. 6d. one month, 
buyers offering 41s. 4d. cash and 41s. 5d. one month. 
Business was done yesterday forenoon at 41s. 3d. one 
month ; also at 41s. 2d. and 41s. 14d. cash, the closing 
quotations being 41s. 1}d. cash and 41s. 3d. one month for 
buyers, and sellers very near. In the afternoon similar 
prices ruled. There was a quiet market this morning at 
the opening, and business was done at 41s. 14d. and 41s. 1d. 
cash, improving to 41s. 44d. cash Pag and buyers. The 
afternoon market was quiet, at the forenoon’s closin 
prices. Apart from the smart reaction in prices jus 
noticed there is no change to note in the position of the 
trade. The German demand has almost entirely ceased, 
ard there are no signs of improvement in the home de- 
mand. Shipping iron is dull and ; the prices 
of makers’ iron are unchanged, but most brands can be had 
from merchants at prices under the makers’ official quota- 
tiens. Iron still continues to be sent into store, and the 
total stock with Messrs. Connal and Co. up till last Friday 
evening was 270,867 tons, sbowing an increase for the 
week of 1948 tons. One blast furnace has been blown in at 
Eglinton Iron Works, and the number of furnaces in actuai 
oO tion is now 90, which is the same number as were 
blowing at this time last year. Last week’s shipments of 
pig iron from all Scotch ports amounted to 6156 tons, as 
against 10,310 tons in the corresponding week of last year. 

The Finished Iron Trade.—There are very desponding 
reports coming to hand from nearly all the districts in 
which finished iron is made. The orders are not increas- 
ing in number or importance, and those that are offering 
are keenly competed for. Still extens of w are 
going on in several directions, and it is not unlikely that 


we shall soon hear of more steel works than there are at 
present. 

Edinburgh Water Works.—The new water works which 
have been constructed in the Moorfoot Hills during the 
last three or four years for the Edinburgh and District 
Water Trust, were formally opened with a good deal of 
ceremony last Friday. 


NOTES FROM SOUTH YORKSHIRE. 
FFIELD, Wednesday. 

Important Experiments in Steel Manufactwre.—Messrs. 
dashing, woeas Captphagt geticiaciie tat ieee 

u some impo mi ‘or 0 
converting steel from Lincolnshire, Northamptonshire, and 
Yorkshire ores. Messrs. Bolckow, Vaughan, and Co. have 
obtained good results from Cleveland iron under the 
Thomas and Gilchrist process, but Messrs. Brown, Bayley, 
and Dixon have been testing the patent lining patented by 
Mr. E. Riley, which is a lining of burnt limestone mixed 
with petroleum. Hematite pig, in Sheffield, costs 52s. per 
ton, whilst Lincolnshire, Northamptonshire, and other 
local irons only cost 38s. Thus a considerable saving 
would ke accomplished by the use of the latter, and there 
would be a clear gain on the part of Sheffield of 4s. per 
ton, as compared with the cost of steel under the Thomas 
and Gilchrist process in Cleveland. We understand that 
Messrs. Brown, Bayley, and Dixon have rot advanced so 
far in their experiments as Messrs. Bolckow, Vaughan, and 
Co., but up to the present time they have had results which 
warrant expectations of success. 


The Laying of Pits Idle throughout Great Britain.—This 
) meey has been fully laid before the miners in this 
istrict by the union secretaries and others, and in every 
case the men in their meetings have discarded this pro- 
gee. The subject is being considered at a national con- 
erence in Birmingham to-day, at which Messrs. Chappell 
and Firth, secretaries of the South Yorkshire Miners’ 
Association, are present, On interviewing Mr. Chap 
on the subject to-day, he said: ‘‘ For our part we shall 
agen the proposition in toto, and in doing so we shall 
the wishes of the men and the council who are dead 
against it.”’ There is sufficient difficulty in this neigh- 
bourhood for the men to find work without arbitrarily 
closing the pits against themselves. 


The Miners; Reckless Competition and Railway Mo- 
nopoly.—Since the victory of the South Yorkshire Miners’ 
Association in the wages arbitration with the masters, the 
colliers of the district are joining the union in great num- 
bers. Their resolutions, carried unanimously at meetings 
which they are holding in the district, indicate that they 
are very decided as to the causes of the depréssion in their 
trade. They ascribe ‘‘the low price of coal and the 
miserably low received by the miners at the present 
moment to the result of the reckless and ruinous competi- 
tion carried on by the coalowners against each other for 
the sale of their coalin glutted markets, and so far as the 
miners are concerned no remedy can be found for such 
a state of things except in a steady and union.”” The 
men further determine that “ Parliament he prayed to grant 
a royal commission to inquire into the railway com- 
munications and facilities with Soutn Yorkshire, and like 
wise the tariff charges of the North-Eastern, the Great 
Northern, and Manchester, Sheffield, and Lincolnshire Rail- 
ways.” 

The Proposed New Railway into Hull — Important 
Overtures.—Colonel Smith and a number of gentlemen 
connected with him have informed the Corporation of Hull 
Foreshores Committee, that they have formed a provi- 
sional committee for the purpose of promoting ia the next 
session of Parliament a Bill for the construction of a new 
line of railway from the South Yorkshire and West Riding 
districts to Hull. It appears desirable that in conjunction 
with the railway a dock should be formed in the con- 
struction of which pe mea on the high-level system 
should be provided, the dock to be inthe port of Hull. 
The promoters suggest that land belonging to the corpora- 
tion on the east foreshore should be leased to them for the 
purposes of the dock, and the committee have expressed 
their willingness to pi with negotiations on the 
matter. The Hull Guardian Societ; ado: a re- 
solution in which it says: ‘‘B satisfied that a further 
and independent railway into Hull would prove highly ad- 
vantageous to the commercial interests of the port by 

etting quit of the present railway monopoly, it would 

ring Hull into more direct communication with the in- 
dustries of West Yorkshire, Lancashire, &c., and open up 
the South Yorkshire coalfields ; the society hails with satis- 
faction the prospect of a new railway being made.” The 
society recommends the corporation to treat with the pro- 
posed new company on the most liberal terms for the sale 
of the land on the east foreshore. 


Lonpon Warser Suppiy.—A deputation from the 
Protestant and Roman Catholic Temperance 8, 
headed by Cardinal Manning, and Mr. Hanbury, M.P., 
had an interview last week with Mr. Cross, at the Home 
Office, in order to urge on the Government the expediency 
of tuking over the water companies of the metropolis so 
as to secure a purer and constant supply of water. His 
eminence pointed out the great mortality among the lower 
classes, which he traced by statistics to be peo i he 
the bad quality of water used in London. A school under 
his own control, contai 200 boys, had a death-rate of 
13 per cent. After ul examination the cause was 
discovered to be the use of water derived from an adjacent 
well. But the present mode of storing water in cisterns, 
in highly populated districts, was equally dangerous, 
owing to neglect to keep the es clean, and this 
was the cause of many fatal diseases. After hearing other 











mtlemen, Mr. Cross expressed the pleasure of seeing the 
Reedinal engaged ia 60 good a work, but avoided ing 
any promise of carrying out the suggestion of the deputation. 
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TRAPPEN’S VALVE GEAR. 


Tue annexed illustrations represent 
one of the latest and also one of the 
simplest of the many forms which have 
been given to automatic cut-off gear for 
working double beat valves arranged as 
in the Sulzer engine. The arrangement 
illustrated is the patent of Herr Trap- 
pen, and is manufactured- by the Mir- 
kische Maschinenbau-Anstalt (at Wetter- 
on-the-Ruhr) ; it is being introduced into 
this country by Mr. Henry Simon, of 
Manchester. 

We have so frequently had occasion to 
describe gearing of a somewhat similar 
description in these columns that our 
readers must be familiar with the general 
principles involved in it, and a short de- 
scription will be sufficient to make its 
action intelligible. A lay shaft A be- 
side the cylinder carries four small 
eccentrics, of which two work the ex- 
haust valves by the intervention of levers, 
and the other two, B B, control the steam 
valves. These eccentrics have short 
rods, of which the ends are simply con- 
nected to rocking arms D swinging 
freely on fixed pins E. Each eccentric 
strap carries a steel-faced tongue F, the 
extremity of which (like every other 
point in the strap and rod) describes a 
more or less irregular oval. The path of 
this point is shown in the diagram view, 
Fig. 8, page 522, in which unnecessary 
details are omitted in order to make the 
motions of the parts distinct. The valve is 
opened by the pressure of F upon a 
hardened face attached to the connecting 
rod G, which can be moved towards and 
from the eccentric by the governor 
through the link J and the lever H on 
the governor lay-shaft L. Fig. 3 shows 
the gear in its position when the governor 
has moved upwards to its fullest extent, 
and it will be seen that G has been taken 
just out of the reach of F ; the governor 
has therefore entirely cut off the steam. 
The numbers in Fig. 3 show that as G is 
moved towards the eccentric, i. e. as the 
governor balls fall, the tongue F strikes 
G (coming always into contact with it at 
the same instant), and that the engage- 
ment lasts longer and longer—as G is 
moved in—up to 0.8 of the stroke, the 
latest cut-off for which the gear is set. 
The governor, therefore, bas complete 
control of the cut-off from 0 to eight- 
tenths of the stroke with a very small 
motion of the arm H. The different 
parts are so proportioned that the velocity 
with which F strikes G is comparatively 
small and also that the surface of contact 
is comparatively large. The valves, 
when released, are closed, as usual, by 
springs placed in boxes over them, the 
lower portions of the spring-boxes form- 
ing dashpots. 

The Trappen gear seems to us in 
every respect one of the simplest and 
most satisfactory forms which have been 
given to the type to which it belongs. 
We do not doubt that in practical 
working it will prove itself an exceed- 
ingly sensitive and efficient speed re- 
gulator. 





BRITISH ASSOCIATION OF GAS 
MANAGERS 


June 14. 

Tue sixteenth annual meeting of the British Associa- 
tion of Gas Managers is now an event of the past, and is 
henceforth to be spoken of as a matter of history. Pro- 
perly so-called, the business of the meeting terminated 
on Wednesday evening, but both Thursday and yester- 
day were so occupied as to keep the treat bulk of the 
members together; indeed, as the week passed on the 
number of persons present in this town in connexion 
with the meeting seemed rather to increase than di- 
minish ; and even to-day a number of the members are 
occupied in making visits, seeing the “sights,” inspect- 
ing coalpits in the district, &c. 

Reverting, however, to the work overtaken during 
the second day’s sitting, the fiust paper was one by Mr. J. 
W. Sandeman, of Newcastle-on-Tyne, the subject being on 
“Economy in the Manufacture of Concrete, with Re- 
marks on its Application to the Construction of Gas- 
holder Tanks,” for which purpose the author contended 
that it was highly economical. Mr. Sandeman showed 
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how it was possible to make concrete impervious to 
water, and how to use it economically. Clay puddle 
might or might not be employed in conjunction with con- 
crete in the construction of gasholder tanks, but that 
was a question which simply resolved itself into one of 
cost, inasmuch as, in comparatively dry strata, where 
clay suitable for puddle was at hand, it might be found 
less costly to construct thin walls and back them with 
uddle, while in strata where there was no clay at hand 
it might prove more economical to thicken the concrete 
walls, and dispense with puddle. As this subject has 
excited a very great amount of attention amongst the 
gas engineering profession during the past few years, it 
was not surprising to find that Mr. Sandeman’s paper gave 
rise to a most interesting discussion. With reference to 
a complaint made by one speaker about cracks occurring 
in concrete walls, it was replied by a member that if 
the cement were good there need be no fear of any cracks 
arising, unless the foundations gave way. If, on the 
other hand, inferior cement were used, or if the cement 
were used before it had been properly ventilated, cracks 
were almost inevitable. Concrete was now being largely 
used by gas managers, and the speaker believed they 





were now framing their specifications in such a way that 
no cement manufacturer who had any regard for his 
reputation would send bad cement to them. His opinion 
was that concrete could be very usefully and econo- 
mically employed in the construction of gas works. 

The next paper was on “A New Form of Condenser,” 
by Mr. W. Wright, of Brighton, which was followed by 
one “On the Application of Hydraulic Machinery to 
Gas Works,” the author being Mr. J. A. G. Ross, of New- 
castle-on-Tyne. He remarked that Newcastle was, as it 
were, the birthplace of hydraulic machinery, and con- 
sidering the place of meeting he thought it was not 
inappropriate to call the attention of the members to a 
few of the applications of such machinery to gas works. 
It owed its origin, he said, to Sir William G. Armstrong, 
for the invention of the accumulator by that eminent 
engineer might be looked upon as the starting-point of 
modern hydraulic machinery. Within the last few years 
the application of the hydraulic system had been greatly 
extended, and it was capable of still further exten- 
sion. Mr. Ross explained how hydraulic power could be 
used in raising coals, in lifting and lowering the covers 
of purifiers, and in performing other operations in gas 
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TRAPPEN’S VALVE GEAR. 
(For Description, see opposite Page.) 





works; and he showed that the cost of such power com- 
pared very favourably with that of steam power and that 
of manual labour. In conclusion, he mentioned that 
hydraulic plant made by Messrs. John Abbot and Co., 
Gateshead-on-Tyne, was being erected at the Beckton 
Gas Works, London, capable of discharging about one 
million tons of coal per year—no fewer than sixteen steam 
cranes being superseded by it. In the discussion which 
followed the reading of the paper, some remarks were 
made in disparagement of one or two of the hydraulic 
appliances, as not being in any way new; and the state- 
ment as to economy was in a measure challenged by one 





of the speakers, while others expressed a very different 
opinion. 

In the course of a paper by Mr. E. Price, of Hampton 
Wick, entitled “ The Lamplighter’s Tell-Tale and Time- 
Keeper,” a very ingenious piece of apparatas was de- 
scribed. It embraces a clock without hands, the dial of 
which revolves, and a paper dise which is attached to 
the dial. By means of the clockwork and certain other 
requisite appliances, it is possible to record the exact 
moment at which each workman turns in to commence 
his ordinary avocations. One of the essential parts of 
the apparatus is a lock of a peculiar description, into 





which each workman has to insert a spirally cut key 
with which he is provided, and the introduction of the 
key causes a spindle to revolve, the ultimate result being 
that a mark is made on the dial paper sufficient for the 
timekeeper to know exactly who has put the recording 
mechanism in motion. Of course, the “tell-tale” is 
kept in the timekeeper’s office, and quite beyond the 
reach of any person who might feel disposed to tamper 
with it, 

Papers having been read on “The Estimation of Am- 
monia in Gas Liquor,” and on “The Rapid Corrosion of 
Gasholders in Hot Climates,” respectively by Mr. William 
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Forster, of London, and by Mr. Levi Monk, of Lanark, a 
short communication was made to the Association on 
“The Albo-Carbon Light,” by Mr. F. W. Hartley, London, 
on behalf of the inventor, Mr. J. Douglas, of Portsea, 
who was unable to attend owing to illness. The light 
itself was shown, and the mode of producing it was de- 
scribed, while its great economy was referred to in con- 
nexion with the success which the light has attained in 
the Westminster Aquarium, where 500 ordinary gas 
burners have been replaced by 200 albo-carbon burners, 
the light being double what it formerly was, and the 
registration on the meter being exactly one-half. A 
most interesting discussion took place on the subject. 

At this stage, the President announced that there 
were still five papers mentioned in the programme ; but 
as the time was far advanced he asked that they should 
be held as read, which was agreed to. They were, 
“ Protective Paints for Gasholders,” and ‘‘A New Form 
of Condenser,” both by Mr. J. Douglas, of Portsea ; 
“Economy in Raising Steam in Connexion with Gas 
Works,” by Mr. F. M. Harris, of Falmouth ; “The Gas 
Supply Pipes beyond the Consumer’s Meter,” by Mr. 
N. i. Humphrys, of.Westbury; and “ Hydraulic versus 
Faced Valves for Purifiers,” by Mr. James Thomas, of 
Bodmin. 

The annual business meeting was subsequently held, 
when it was announced that the result of the scrutiny of 
the ballot papers for the various offices was that Mr. John 
Douglas, Portsea, was elected President for the ensuing 
year; and that Messrs. Charles Hunt, G. W. Stevenson, 
and R. O. Patterson were elected vice-presidents. On 
the motion of the President (Mr. Warner), seconded by 
Mr. Hunt, it was unanimously resolved that Mr. George 
Livesey, London, in consideration of the distinguished 
and honourable services which he had rendered to the 
Association, be removed from the class of ordinary 
members to that of honorary members. Various votes 
of thanks were afterwards passed, and the meeting was 
brought to a close. 

In the course of an hour or so the members again met 
in considerable numbers in the Assembly Rooms to assist 
at the annual dinner of the Association, Mr. Warner, 
president, again in the chair, On the morrow (Thursday), 
at the invitation of the North of England Association of 
Gas Managers and their friends in the gas-coal, fireclay, 
engineering trades, &c., the members and many of their 
friends had an excursion by a train, provided for the occa- 
sion, to Alnwick, where, by the kind permission of the head 
of the Percy family, his Grace the Duke of Northumber- 
land, the ancient castle of Alnwick and the gardens and 
extensive pleasure grounds were inspected. Later in 
the day the members were entertained by their North of 
England friends at dinner in the Alnwick Corn Exchange, 
the chairman on the occasion being Mr. Ford, of Stockton, 
President of the North of England Association. Return- 
ing to Newcastle in the evening to partake of a night’s 
well-earned rest, they again set out on Friday morning 
for another day’s enjoyment and hospitality provided for 
them by their kind and considerate hosts. The day’s 
programme commenced with an inspection of the Swing 
Bridge over the Tyne, the conductor and cicerone on the 
occasion being Mr. Richard Cail, one of the River Tyne 
Commissioners and a former Mayor of Newcastle. Having 
viewed the wonderful hydraulic machinery by which the 
bridge is worked, the visitors were gratified by having 
the bridge swung open for their special benefit at the re- 
quest of Mr. Cail, to whom, on the motion of Mr. Magnus 
Ohren, of the Crystal Palace District Gas Company, the 
members accorded their heartiest thanks. Next in order 
the visitors proceeded up the Tyne to the famous Elswick 
Ordnance and Engineering Works of Sir William G. 
Armstrong and Co., over which they were conducted by 
one of the members of the firm and a number of the 
leading officials. About two hours having been spent in 
the inspection of the extraordinary operations carried on 
in the various departments of the works and the far- 
famed appliances engaged in those operations, together 
with two of the 100-ton guns and others of smaller 
calibre in progress, the members returned to their steamer 
and visited the Redheugh Gas Works, on the south side 
of the river, the property of the Newcastle and Gates- 
head Gas Company. 

These works, occupying anadmirable river-side site of 
about 25 acres in extent, and erected at a cost of about 
140,000/., are certainly the finest and most complete of 
the sort in the North of England, while they may also be 
said to be amongst the finest in the provinces. Being 
practically quite new, having only been opened between 
two and three years, this immense establishment was 
scrutinisingly inspected in all its departments by many 
keen professional eyes, The retort house, which was 
first visited, is a noble structure measuring 240 ft. in 
length by 90 ft. in width. It contains twenty beds or 
ovens of retorts, each oven having eight through and 
through retorts, 20 ft. long, 20 in. broad, and 13 in. high, 
and Q-shaped. Each of these retorts is charged at the 
two ends simultaneously by means of a scoop every six 
hours. We had almost omitted to mention that each 
retort is fitted with Morton's self-sealing door or lid, with 
Holman’s patent bar, which, by the action of a lever and 
eccentric screw, puts a pressure on the retort lid equal to 
a weight of 4 tons. With all the retorts working, and 
using ordinary Neweastle coal with about 6 per cent. of 
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cannel, the production would be equal to about 1} millions 
of cubic feet perday. From the hydraulic main, the gas 
passes first to the air condenser, which is constructed on 
the horizontal system, and is about 28 ft. long by 16 ft. 
wide. In the exhauster house there are two of Beale’s 
exhausters made by Messrs. Bryan Donkin and Co., 
each having a capacity of 80,000 cubic feet per hour. 
The gas next passes through the water condenser, 
and subsequently through the scrubbers, which are 
three in number, about 47} ft. high, and 15 ft. 
in diameter. These scrubbers are worked by a jet 
of water, which, by playing on a small glass disc, is made 
to fallas a spray over the whole area of the scrubber. 
In each of the scrubbers there are five rows of cast- 
iron trays, upon which steam coke is placed in layers of 
about 2 ft. in thickness. The purifier house is 194 ft. 
long by 70 ft. wide, and at present it contains six purifiers, 
each 24 ft. square, the height being 5 ft. Gin. There are 
four rows of wooden trays in each of the purifiers, and 
the purifying operation is effected to the extent of about 
two-thirds by lime, and the remainder by means of oxide 
of iron. Hydraulic cranes are employed for lifting and 
lowering the covers of the purifiers. The station meter, 
supplied by Messrs. R. Laidlaw and Son, Glasgow, is 
constructed so as to pass 80,000 cubic feet of gas per 
hour. There are three telescopic gasholders in the works, 
one having a diameter of 122 ft., and the diameter of the 
others is in each case 152 ft. One of the latter, now 
being proved, was made by Messrs. Ashmore and White, 
of Stockton-on-Tees, and the other two were made, we 
believe, by the Horsely Company (Limited), Tipton, 
South Staffordshire. The total storage capacity of the 
three holders is about 23 millions of cubic feet. Much 
admiration was expressed by the visitors at the excellence 
of the railway arrangements in connexion with the works. 
The company have a locomotive of their own, which 
does a great amount and variety of work, consisting of 
putting up the wagons of coal into the retort house, 
taking the coke out in wagons from the same, removing 
the spent lime from the siding next the purifying house, 
shifting wagons of bricks, &c, There are four engines 











in the works, in addition to the locomotive, two of them 
being horizontal engines in the exhaust house, one 
donkey engine for pumping the tar and liquor to the 
store tanks, and one horizontal engine for pumping the 
ammoniacal liquor to the sulphate of ammonia works, 
and the tar to the tar-distilling works, and driving the 
fan blast for the workshops, &c. It should be mentioned, 
in conclusion, that the works were designed and laid out 
by Mr. Wyatt, of the Beckton Gas Works, and that they 
are under the able management of Mr. R. Moodie, who 
has just been elected a member of the British Association 
of Gas Managers. 

Having spent as much time as was available at the 
Redheugh Gas Works, the visitors again rejoined their 
steamer, which, after picking up a number of members 
who had inspected the company’s old works at Elswick, 
right opposite, at once started off down the Tyne to Tyne- 
mouth, It was intended that the famous iron, engineer- 
ing, and shipbuilding works of Messrs. Palmer and Co., 
at Jarrow, should have been visited; but the time re- 
quired was not available. In passing down to Tyne- 
mouth the visitors were greatly surprised and delighted 
with the extraordinary number and extent of the in- 
dustrial establishments of various kinds that line both 
banks of the river almost continuously for several miles, 
such a scene, in short, as is not to be witnessed on any 
other river in the world. On their arrival at Tynemouth 
the members and their friends at once made their way to 
the Aquarium, in the spacious and beautiful winter 
garden of which they sat down to a sumptuous 
banquet provided for them by the: same kind host to 
whom they were indebted on the previous day. Mr. 
Alderman Hedley, chairman of the Newcastle and Gates- 
head Gas Company, occupied the chair. 

After dinner the guests whiled away the early even- 
ing hours through the beautifully situated aquarium, 
or upop the sea shore, and in due course they mostly 
found their way back to Newcastle, much gratified by 
the week’s “ outing,” and to prepare for the return home, 
or @ continuance of the holiday period to which the 
meeting in Newcastle was only the prelude. 
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BOILER INSPECTION. 

In comparing the boiler ent and insurance 
companies of this country with the more numerous 
associations abroad, we find an important difference 
in the principle upon which they are founded. 
Here the boiler companies, with the notable excep- 
tion of the Manchester Steam Users’ Association, 
have for their first object the interest of their share- 
holders in the shape of dividends. On the Conti- 
nent most of the associations are constituted like 
the above-named exception in our country, and have 
for their sole object the benefit of the steam users 
enrolled, in the shape of protection from explosion 
and economy in working their boilers and engines. 

There is also another very important difference in 
the scope and range of action of the companies here 
and abroad. Whereas our principal associations, 
most of them with their head-quarters at Manchester, 
undertake the inspection of boilers in all parts of 
the kingdom, and in that sense may be termed 
national, the associations on the Continent are local, 
their operations being restricted each to its own 
district, although the boundaries of two or more 
companies may overlap here and there. The effect 
of the companies in this country extending their 
operations without limit as to district is a competi- 
tion for customers and a consequent rivalry amongst 
the staffs of the various com This is testified 
by the correspondence of the chief engineers of 





some of the boiler companies which has from time 
to time appeared in our columns. We shall have 
something to say further on of the effect of this 
competition. On the Continent, however, this 
rivalry does not exist. On the other hand, an 
association of the chief engineers of the boiler com- 
panies of Germany and Belgium was formed in 1872 
called the Verbund des Dampfkessel Ueberwachungs 
Vereine (Union of Steam Boiler ion Com- 
panies). The members of this union have yearly 
meetings in various towns on the Continent, when 
important questions in steam engineering are dis- 
cussed, and the reports of their proceedings form a 
very valuable contribution to engineering literature. 
The Union also publishes monthly a journal with 
particulars of explosions and communications from 
the members, which is much in advance of anything 
of the same kind we have in this country. 

The difference in the manner in which the engi- 
neers of the boiler companies regard each other here 
and in Germany is similar to that in which the loco- 
motive engineers work together in the two countries. 
This difference in the friendliness and relationshi 
of the engineers is not difficult to account for. It 
is due to the difference in size of their respective 
countries, in the amount of capital at command, and 
in the richness of the fields to be worked. Here 
where the country is small and capital abundant, 
the lines of the boiler companies, like those of 
the railway companies, overlap each other in all 
directions, or run lel in the same district, 
The rivalry which commences in the financial de- 

ment extends to that of the engineers. In 
xermany, on the other hand, the greater extent of 
the country, comparative scarcity of capital, and 
fewness of boilers, preclude the clashing of interests, 
and the engineers can unite and work together for 
their mutual benefit. No doubt there is also a 
tendency to unite together abroad against the 
common enemy in the shape of the Government 
officials armed with their harsh tests and restrictions. 
Tn this em gee we should certainly not like to change 
places with our neighbours, but on the other hand 
we are compelled to admit that one hindrance to 
the discussion of questions of common interest is 
removed on the Continent, This obstacle is the 
want of a or technical training and want of a 
knowledge of first principles in physics and chemistry, 
which so often prove a bares to the profitable dis- 
cussion of engineering questions in this country. 

The causes that have hitherto retarded the enrol- 
ment of the great bulk of steam users in any of the 
seven or eight boiler inspection and insurance com- 

anies that exist in the United Kingdom are various. 

n the one hand we have the ignorance, prejudice, 
= pique of steam users and their advisers, which can 
only be overcome by making —— ion compulsory, 
and on the other hand we have the want of tact and 
the shortcomings of the boiler companies themselves. 
Whilst one association may have erred on the side 
of too great stringency in enforcing the annual in- 
spection of new boilers of first-class make, and of 
repeatedly urging the carrying out of details of 
secondary importance, more than one of the other 
associations have been exceedingly lax in their in- 
spections and in urging the carrying out of matters 
of the first importance. By matters of secondary 
importance we mean the departure from a particular 
arrangement of feed inlet, the use of certain kinds 
of scummers, blow-out taps, water gauges, &c. The 
matters of the first importance to which we allude 
are boilers working with flue tubes. having a factor 
of safety of less than three, flat surfaces insufficientl, 
stayed, insufficient means for indicating water level, 
inefficient safety valves, and not i i 
what condition the boiler actually 
thorough inspections. 

The only object there can be in insisting upon the 
execution of matters of little importance, and. of 
repeatedly reporting trifles such as the ‘ weeping” 
of water gauge and other taps, which are only eye- 
sores, is to make a show of smartness on the part of 
the inspector or the reporting staff. The owners of 
the boilers are in many cases not able to judge for 
themselves of the seriousness or otherwise of the 
faults enumerated in the oe oy they receive, 
and concluding there must be some cause for 
80 many and oft-repeated complaints those re- 
sponsible for the make and condition of the 
boiler and its fittings are often censured with- 
out due cause. amin toe bane er injurious effect 
in estranging many boiler-makers, factory engineers, 
and png from the work of the boiler associa- 
tions, and the inspectors instead of being regarded 
as helpers and haying the co-operation of the 
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attendants, are looked upon as fault-finders and 
many obstacles are thrown in their way. 

In many tanneries, , chemical, bone, manure, 
and other works, the boilers are surrounded by what 
would in any other place be called filth, dirt, and 
disorder, and their outward appearance naturally 
partakes somewhat of their surroundings. The 
external condition of these boilers is naturally 
far short of that of the well-kept boilers in many 
cotton and woollen mills, in water works, and other 
places where a show is made of the boilers and 
engines. However commendable the desire may be 
to raise the standard of appearance of the boilers in 
the kinds of works above mentioned, on the plea that 
dirt and disorder are demoralising, the a it to 
carry it out is nothing short of Quixotic, and has been 
the means of onmegas steam users from the 
boiler companies, and of bringing discredit upon 
their efforts. 

As a rule, when steam users have their boilers in- 
spected, they want to be told whether they are safe 
or not, and not whether they might be kept cleaner 
externally, Should the compulsory inspection of 
boilers become law, steam users must have the 
means of protecting themselves covast having 
fine spun notions of order and finish forced upon 
them. 

The persistent and sometimes unreasonable con- 
demnation of all kinds of externally fired boilers by 
the inspection and insurance companies having their 
head-quarters in Manchester has had the effect of 
keeping many engineers and steam users aloof from 
the assistance of these companies. We grant that 
for mills and factories internally fired boilers are, as 
a rule, the best both on the score of economy and 
safety as well as efficiency, but there are many cases 
where externally fired boilers are more suitable and 
economical. For instance, at tanneries and saw- 
mills, where there is usually a large quantity of 
refuse available for generating steam, cotemneliy 
fired are generally preferable to internally 
boilers. In the North of England boilers fired 
externally with mechanical stoking and burning 
coal at 3s. 6d. per ton are found to be more econo- 
mical generators than Lancashire and Cornish boilers 
fired with coal at 8s. per ton. At many collieries 
and iron works a great saving can be effected b 
using, under externally fired boilers, ‘‘ duff” whic 
could not be used in a Lancashire boiler. This the 
Manchester boiler companies have not always been 
sufficiently ready to admit, and the system of inde- 

endent insnection has suffered in consequence. 
eing the peere still given to externally fired 
boilers on the Continent, and that there are very 
numerous explosions of internally fired boilers in 
this country, we think the Manchester school of 
boiler — have not made out their case against 
the use of externally fired boilers. What is alleged 
against them is that they are uneconomical, 
treacherous, and much more dangerous than boilers 
internally fired. is keeping the length of the boiler 
within moderate limits and tying the ends well 
together by tubes or otherwise, we remove the 
danger from transverse seam rips, and by keeping 
the seams of rivets well away from the direct action 
of the fire, cold air, and entering cold feed, we can 
Gute diminish the treacherous character of the 
oiler. 

We must defer the graver charges we have to 
make against some of the boiler insurance companies 
to a future article. 





MANGANESE BRONZE. 


WE have in a previous volume* referred to a new 
alloy introduced by Mr. P. M. Parsons, and manu- 
factured by the White Brass Company, Southwark, 
under the name of Manganese Bronze. Since that 
time considerable developments have been made in 
the manufacture and uses of the metal, and we 
believe it will be of interest to call attention to what 
has been done. The alloy, whether approaching to 
the characteristics of gun-metal, bronze, or brass, has 
mixed with it varying proportions of ferro-man- 
ganese, but the process differs considerably from 
those in which oxide of manganese has previously 
been used, and in which a considerable uncertainty 
existed as to the proper mixture or amount. The 
Parsons process is as follows: Ferro-manganese, 
such as is used in steel manufacture, is obtained, 
ag free as possible from silicon, and containing a 
bigh. pereentage of metallic manganese. This is 
melted in a crucible with the very purest wrought- 
iron scrap that can be obtained, so as to bring the 








* See ENGINEERING, vol, xxiv., page 330. 
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portion of manganese to that found most suitable 
for the various alloys to be made, and which varies 
according to the character and quality of the alloy 
from about 10 to 30 per cent; the effect also of 
remelting the ferro-manganese with wrought iron 
is to remove a large portion of the silicon contained 
in the former, which is found advantageous. 

Four distinct kinds of manganese bronze are at 
present manufactured, and some of these vary in 
their qualities. . 

No. 1 is used exclusively for forging and rolling 
into rods, plates, sheets, and drawing into wires 
and tubes. It can be made of a mild quality 
to rivet cold or of a high quality to work hot, and 
is usually cast in iron moulds, as it does not cast 
well in sand, and therefore is not adapted for 
ordinary castings. 

The following are the results of some tests on the 
tensile stren of different grades of manganese 
bronze No. 1, rolled into rods and plates made at 
the Royal Gun Factories, Woolwich. 






































Rods. in. 
Diameter of specimen oe eee 533 
Length of breaking portion... Nee 2 
Tons per Square} § 
neh. 
] 
No. | | ; —_— 
Elastic | Break) § 4 
Limit. | Strain yo 
1/1 | 2» 44.6 |Mild quality for bolts, 
rivets, &c., to rivet cold. 
2/| 16.6 80.7 20.7 |Stronger, suitable for 
pump 8. 
8| 344 39.6 12.6 |Same as above, but rolled 
cold. 
Plates. 
Thickness about No. 10 B.W.G. 
Tons per Square}; & 
Inc a 
No. § —_— 
@s. 
Blastic | Pe" | EF 
Limit. Strain.| gi? 
4} 13.02 27.68 37.1 Broken across the fibre. 
5] 14.06 | 30.13 | 47.8 »»  indirectionof fibre. 
6] 148 90.78 | 34.1 9 ” ” 
7] 16.7 30.1 28.8 »» across the fibre. 














No. 2 is an improved quality of No. 1. It has 
even a greater tensile strength and toughness when 
forged or rolled than No, 1, and it 8 that 
valuable quality of casting beautifully clean and 
perfectly sound in greensand. It runs very fluid, 
and the thinnest castings can be made of it with 
facility, and when thus cast it 8 a transverse 
strength greater than the best wrought iron, to- 
gether with stiffness and a remarkable degree of 
toughness. A bar of this metal lately tested for 
transverse strength at the works of Messrs. Maudslay, 
Sons, and Field gave the following results : 


Sizeof bar... ove ne 1 in. square. 
Distance between supports ... 12 in. 
Weights — at Centre. Deflection. 
‘ in. 
3360 68 
4032 1.44 
4256 2.30 and broke 


It will be easily understood that a metal possess- 
ing such great strength, and that can be cast thin 
and sound, would be the best ible material for 
propellers, and a very beautiful sample of one was 
exhibited at the Conversazione of the Civil En- 
gineers, on the clycloidal system, intended for a 
torpedo boat. Another valuable property ssed 
by this quality is that of retaining nearly all its 
strength and toughness under increased temperatures 
up to between 500 —— 600 deg., which renders it 
admirably suited to all kinds of stem fittings which 
have to bear high pressures at high temperatures. 

No. 3 is used exclusively for castings, it is in fact 
an improved kind of gun-metal, ree pe | about 60 
per cent. greater stren combi with a large 
amount of toughness. It is used largely for the 
main bearing and crankpin brasses of large marine 
engines usually lined with Parsons’ white brass, as 
well as for other parts of the engines hitherto made 
of -metal. 

0. 4 is somewhat similar to No, 3, but consider- 
ably harder, and its principal use is in those 
of engines and machines subjected to friction. It is 





used for slide valves, faces, piston rings, slide blocks, 
top-end connecting rod brasses, &c. 

The manganese bronze in the above forms is now 
being used largely by many of the leading steam 
navigation companies and marine engineers, but one 
of the most remarkable applications of the material is 
for the building of torpedo boats in place of steel, one 
of;which to the order of the Admiralty has lately been 
built at the Thames Iron Works for Messrs. 
Maudslay, Sons, and Field. This boat is 85 ft. long 
and about 10 ft. beam, the plates, angles, and rivets 
being entirely of manganese bronze rolled, and the 
stem and stern frame of the same metal cast. The 
contract for the plates, &c., was taken by the White 
Brass Company, under condition that they should 
stand the Admiralty tests for steel, which they went 
through with perfect success, the plates tested in 
the presence of the Admiralty inspector giving a 
tensile strength of between 29 tons and 30 tons 
per square inch both with and across the fibre 
with an elongation of 25 to 35 vd cent. The 
application of manganese bronze to this purpose was 
brought about at the recommendation of Messrs. 
Maudslay in co uence of the rapid deterioration 
of the steel plates in some torpedo boats after a life 
of only about twelve months from oxidation, and 
there can be no doubt that for this and other light 
vessels, such as launches, yachts, &c., it will prove 
a most valuable material, it having all the strength 
and toughness of the best steel, and, at the same 
time, it is practically indestructible. Of course the 
first cost is more, but not extravagantly so; esti- 
mated upon the whole cost of a torpedo boat, in- 
cluding the engines, &c., the additional expense of 
substituting manganese bronze for steel would 
amount to about 10 per cent., and when it is remem- 
bered that this alteration will probably, at least, 
quintuple the life of the boat, and that when 
broken up the old metal will have an intrinsic value 
of more than ten times that of steel, the actual cost 
of using the manganese bronze for this purpose wi 
not in reality be greater than stcel ; it will in fact 
simply amount to an investment of about 10 per 
cent. more capital for a certain time, for which ade- 
quate advantages will be secured; the only circum- 
stances which would cause the additional cost to be 
felt would be in the case of a number of these boats 
being sunk or destroyed in warfare after a short life. 

In addition to the before-named uses the man- 
ganese bronze is likely to come into use for a variety 
of general purposes for which brass is now employed, 
such as tubes, wire, wood screws, cartridge cases, 
sheets for making locks and a variety of other articles 
in daily use, and considerable advance has been 
made for its application in these directions. 








THE CONVERSAZIONE OF THE 
SOCIETY OF TELEGRAPH ENGINEERS. 

‘THE conversaziones of the Society of Telegraph 
Engineers have, ever since the establishment of that 
body, been especially characterised for their great at- 
tractiveness, for the interest of the objects exhibited, 
and for their excellent management, by which thecom- 
fort and enjoyment of both guests and members have 
been insured. The Society is not prolific in its 
soirées—in fact, it is more than two years and a half 
ago since the last was held,*—but when it does 
receive its guests it does them and itself honour, and 
produces a signal success. 

On no previous occasion, however, has the Society 
of Telegraph Engineers held so brilliant a reception 
or one of so interesting a character as that given on 
Wednesday evening last in the Western Galleries 
of the South Kensington Museum, upon the occa- 
sion of the visit to this country of the delegates to 
the International Telegraph Conference now being 
held in London. 

If no special objects of interest had been contri- 
buted for the occasion by members and others, 
there would have been a rich treat, especially for 
our foreign visitors, afforded by the contents of the 
cases forming the permanent Loan Collection of 
Scientific Apparatus, illustrating, as it does, the rise, 
development, progress, and present position of 
every Teonsh of physical and electrical science. Of 
the priceless scientific treasures which formed the 
Loan Collection of 1876, most of the ancient his- 
torical instruments have, as might be expected, 
been returned to their various countries and 
owners, but the Department of Science and Art 
most wisely, before returning them, had fac.similes 
and electrotype reproductions made of those pos- 
sessing the highest interest, so that the present 


* See ENGINEERING, vol. xxii. page 527. 








collection is nearly as instructive as the first, differ- 
ing from it more especially in wanting the more 
sentimental quality of antiquity and association. 
Tn addition, however, to this unparalleled collection, 
there was displayed on Wednesday evening one of 
the most splendid gatherings of modern electrical 
ome thas ever been got together, and the 
three hours during which the soirée lasted were all 
too short for anything but a very superficial view of 
what there was to see, having but the effect of a 
crumb tothe hungry—making them wish for more. 

It would be impossible to do justice to a conver- 
sazione of this c ter held within twenty-four 
hours of our going to press; we can therefore only 
mention a very few of the objects exhibited, de- 
ferring to future notices accounts and illustrations 
of those which have not already been described in 
the columns of ENGINEERING. 

One of the most interesting instruments, more espe- 
cially to those who had not seen it before, was Mr. 
Spottiswoode’s great induction coil, which we illus- 
trated and described two yearsago.* This was shown 
in action, producing, between its terminals, sparks, 
or rather miniature flashes of lightning, more than a 

ard long, and yee, ge by loud reports—its own 
ittle claps of thunder. Mr. Peter Brotherhood 
exhibited an exceedingly compact arrangement for 
the production of the electric light, consisting of 
one of his three-cylinder engines placed in a central 
position between two Siemens dynamo-electric ma- 
chines, all being attached to the same very substan- 
tial bedplate. This apparatus was rendered especially 
interesting on Wednesday evening by being driven 
as an electro-dynamic engine by the current pro- 
duced by one of Siemens’ machines working in the 
basement of the Albert Hall, and connected to the 
gallery by a conducting cable. 

In addition to a splendid collection of telegraphic 
and miscellaneous electrical apparatus, Messrs. 
Siemens Brothers illuminated the Horticultural 


11| Gardens and upper terraces by four electric lamps 


suspended at intervals above the arcades, and pro- 
ducing a singularly beautiful effect. The machines 
by which the currents were produced were in the 
Albert Hall, and nothing could exceed the brilliancy 
or the steadiness of the light. As far as we could 
see, it appeared to be entirely devoid of fluctuation, 
and the canditions seemed to have been fulfilled by 
which the brilliancy of the light produced was at a 
maximum, The British Electric Light Company 
exhibited two Gramme machines of beautiful con- 
struction and finish, and there were also specimens 
of Wilde’s and De Meriten’s machines; none of these 
were however at work. 

One of the novelties of the evening was an exceed- 
ingly beautiful submarine recorder, similar in 
some respects to the syphon recorder of Sir 
William Thomson,} but differing from it in some 
very essential points, notably the introduction of 
pneumatic power as auxiliary to the electro-dynamic 
effects of the current. Having a more powerful 
motive power to fall back upon for actuating the 
syphon pen, there is no necessity for the elimination 
of the friction between the pen and the paper, the 
former being more than sufficient for overcoming it. 
For this reason there is no necessity for giving to 
the ink an electro-static charge by which it is 
spurted onto the paper, andthus the very beautiful, 
but at the same time very costly and complicated, 
electro-static inductor or replenisher employed by 
Sir William Thomson is dispensed with, ‘This very 
interesting instrument is the invention of Mr. 
Theiler, and we intend shortly to illustrate and 
describe it in detail. The most beautiful and 
characteristic of the details of this apparatus is the 
excessively delicate spring valve by vhich the air is 
allowed to escape in proportion to the deflection of 
the suspended coil, and by which the amplitude of 
the pen is controlled. This valve consists of a small 
spiral spring closed at one end, and forming a cap 
which closes an orifice in a little air chamber, which 
has a slight internal pressure in excess of that of the 
atmosphere, the air in which escapes between the con- 
volutions of the spring. A fine thread connects the 
end of this spring to a light arm projecting from the 
deflecting coil by which it is more or less extended, 
separating the convolutions of the spring, and so 
allowing more air to escape between them. By this 
means the feeble electric currents passing through the 
apparatus are enabled to vary the internal air 
erg by which the recording pen is actuated. 

essrs, Theiler and Son exhibited also several other 
telegraphic instruments of interest. 

* See ENGINEERING, vol. xxiii., p. 303. 
+ See ENGINEERING, vol. xxii. page 116. 
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Dr. Silvanus P. Thompson, Professor of Physics in 
University College, Bristol, contributed one of his 
very ingenious galvanometers in the form of a slide 
for the magic lantern for lecture demonstration,* as 
well as a large frame Sea eee of his 
magnetic and electro-dynamic filing figurest which 
attracted very considerable attention at the soirée, 
illustrating as they do so many of the most interest- 
ing phenomena of magnetism and electricity, as well 
as their mutual relations. 

Mr. Conrad W. Cooke showed a new galvanometer 
for demonstrating the internal current which is trans- 
mitted through a voltaic cell when the external circuit 
is completed. In this instrument a voltaic cell is 
divided into two portions, into one of which is 
placed a plate of zinc, and in the other a plate of 
copper, carbon, or silver, These two portions, or 
half cells, are connected together by a fine glass 
tube which is formed into a double coil like the con- 
volutions of the wire of a Thomson’s reflecting 
galvanometer. The acid solution in the two half 
cells being in liquid connexion only through this 
tube, it follows that any current transmitted 
from the zinc to the ones through the liquid 
is compelled to traverse all the convolutions of the 
tube, as an external current would follow all the 
windings of the wire of a galvanometer. Within 
the two coils is suspended by a cocoon fibre an 
astatic system of needles carrying a concave mirror 
by which its angular displacement is indicated by 
the movement of aspot of light onascreen. When 
the external circuit of this little galvanometer 
battery is completed by the depression of a key 
the internal current traversing the liquid contained 
in the glass tube, which thus becomes a “liquid 
wire,” deflects the needles, and the spot of light 
indicates the movement accordingly. The internal 
current was proved to exist by Faraday, who no- 
ticed the deflection of a magnetic needle suspended 
over one of a namber of cells of a voltaic battery, 
and Professor Hughes has shown its effects of in- 
duction upon a telephone by holding a small hank 
of wire in the same position, but we believe this is 
the first time that the current produced within one 
cell has ever been demonstrated, for it must not be 
forgotten that from the moment that other cells 
are connected to the battery the effect on a needle 
above it is not due only to an internal current, 
but to a current which is, as far as the other cells 
are concerned, an external one. The glass portion 
of this instrument was a beautiful example of work- 
manship, the two half cells and the coiled tube 
being all in one piece. This was constructed by 
Mr. C. H. Gimingham, whose name is so well 
known in connexion with Mr. Crookes’s researches. 

Mr. Cooke exhibited also Syke’s electric lock and 
block system of railway signalling, which have been 
briefly described in a former notice,t and which we 
intend to illustrate in detail. Electrical signalling 
on railways was well represented at the soirée; in 
addition to the above, the systems of Spagnoletti, 
of Siemens, of ‘Tyer, were shown in action, as well 
as an arrangement for opening the whistle of a loco- 
motive by the movement of a lever within the 
signal-box, which was contributed by Mr. J. Rad- 
cliffe. 

To lovers of literature, of archeology, of history, 
and of the historical progress of magnetical and 
electrical science there was nothing more interesting 
at the conversazione than a selection of old and rare 
books from Mr. Latimer Clark’s unrivalled library, 
among which was Gilbert’s ‘‘De Magnete” and 
books relating to electricity and magnetism, dating 
back for more than two centuries, some of them 
displaying great beauty of ancient bookbinding 
and containing very curious illustrations. Mr. 
Latimer Clark exhibited also several other objects 
of historical interest, including a piece of the ori- 
ginal telegraph laid by the late Sir Francis Ronalds 
in the year 1816, as well as the original model of 
his telegraph. Also a portion of the line laid by 
Sir W. Fothergill Cooke in 1837, and some lead 
types, the first cast for the Morse telegraph. 

The Eastern Telegraph Company exhibited Sir 
William Thomson’s syphon recorder in actual opera- 
tion. Mr. Crossley showed his new microphonic 
telephone transmitter, to which we shall refer 
again shortly, and Mr. E. A. Cowper exhibited 
his writing telegraph, which has been described in 
these columns, and which has during the last fort- 
night been working very successfully on the South. 





* See ENGINEERING, vol. xxiv., page 346. 
t See EnarnzeRr1na@, vol. xxvi., page 391. 
3 See ENGINEERING, page 440 ante. 

See ENGINEERING, page 181 ante. 





Western line between Waterloo and Woking, a 
distance of 28 miles, for the purpose of testing its 
power of working over distances and of overcoming 
the effects of lateral induction. We understand the 
length of working is shortly to be extended to 
Portsmouth, which will be a more severe test. 

Of other sensational exhibits, there were Professor 
Hughes’s Induction balance, exhibited by Mr. W. 
Groves, and constructed by him for the use of the 
Mint. We shall describe this instrument on an 
early occasion. The phonograph, exhibited by the 
London Stereoscopic Company, but constructed by 
Mr. Stroh, and a very beautiful instrument for 
drawing compound harmonic curves of perfect accu- 
racy, and at any desired phase, designed by Mr. W. 
J. Wilson, were also shown. 

The Postmaster-General contributed a magnificent 
collection of telegraphic and electrical testing in- 
struments, each of which might with advantage be 
described in a separate article, but that which was 
of by far the greatest importance, and which at- 
tracted the most attention on Wednesday evening, 
was a fast-speed translator designed in the depart- 
ment, and constructed chiefly by Mr. Stroh with 
that magnificence of finish and workmanship by 
which everything he does is characterised. By this 
elaborate and beautiful apparatus, which consists of 
a combination of very delicate and rapidly working 
relays, commutators, sounders, and recording ap- 
paratus, the speed of signalling measured by the 
number of actual words transmitted per minute has 
been increased by more than fifty per cent. It 
would be impossible in such a notice as this to do 
more than make a passing reference to this appa- 
ratus, which we shall illustrate and describe shortly. 
Dr. Oliver Lodge showed a very simple and in- 
teresting double reversing key with high insulation 
for electrometer work, in which contacts were made 
between platinum wires supported on silk threads 
and drawn together in pairs by the movement of a 
little lever actuating a small pulley, over which a 
silk thread passed, the ends of which were attached 
to the platinum wires, The whole was enclosed in 
a brass box, which when earth-connected would 
serve as a perfect shield against the effects of 
external electro-static induction. 

In the upper galleries the visitors had opportunities 
of examining the fine collections of physical, 
chemical, and mineralogical apparatus, forming part 
of the Loan Exhibition of Scientific Apparatus, and 
of enjoying a very charming selection of vocal and 
instrumental music performed by the band of the 
Royal Artillery, under the conduction of Mr. 
Smythe. 

The conversazione of the Society of Telegraph 
Engineers on this very special occasion was in every 
way a decided success ; nothing seems to have been 
omitted that could add enjoyment to the guests, and 
the arrangement of the collection under the manage- 
ment of Mr. Augustus Stroh and Professor Hughes 
left nothing to be desired. The Society met with 
the most cordial co-operation from Major Festing, and 
his staff of the South Kensington Museum, amongst 
whom especial mention must be made of Mr. Hill, 
whose indefatigable exertions and kindness facili- 
tated so much the labours of the Committee. To 
the energy and courtesy of Mr, F. H. Webb, the 
secretary to the Society of Telegraph Engineers, 
must also be attributed a large proportion of the suc- 
cess of the evening. 


THE LATE MR. W. FROUDE, F.RB.S. 
(Continued from page 505.) 

WE described in our notice last week some of the 
steps by which Mr, Froude arrived at the conclusion 
that the position of momentary equilibrium of a 
ship floating broadside to waves was with her masts 
at right angles to the wave slope, and we indicated 
that this slope in question is not the actual slope of 
the surface of the water, but the mean slope for 
the particles displaced by the ship, or, as it is 
called, the mean effective slope, which is known to 
be somewhat less steep than the actual surface. To 
arrive at an accurate idea of what this mean effec- 
tive slope would be, it was obviously necessary to 
ascertain definitely how wave water is agitated 
below the wave surface. And this necessity led 
both Mr. Froude and Professor Rankine to apply 
themselves to the investigation of trochoidal wave 
motion, and, as we have stated, they arrived in- 
dependently at a proof that the trochoidal wave 
hypothesis was a perfectly possible one, and both 
ascertained the rate at which the disturbance 
diminished below the surface. Whether Professor 
Rankine or Mr. Froude was really the first to 








arrive at this demonstration we are scarcely able to 


determine. Mr. Froude, in the Transactions of the 
Institution of Naval Architects for 1862, e 49, 
with his usual frankness and liberality, abandons 


the first place, and says he is satisfied Professor 
Rankine was throughout in advance. of himself ; 
while, on the other hand, in an official notice of 
Mr, Froude’s labours, inserted at a later date in the 
Proceedings of the Royal Society, on the occasion 
of Mr, Froude being awarded the gold medal of the 
Society, it is said: ‘He (Mr, Froude) was also 
the first to establish on thoroughly sound principles 
the mechanical possibility of that form of motion 
known as the troehoidal sea wave, which more 
nearly than any other appears to represent the 
shape of a smooth ocean wave, and which now 
forms the groundwork of all useful theories of the 
oscillation of ships.” 

Wave motion had — been investigated 
by Airy, in his ‘“‘ Treatise on Tides and Waves,” 
and certain principles had been demonstrated for 
indefinitely small displacements of the particles; 
and the same had been shown to hold by Professor 
Stokes in the Cambridge Transactions for 1842, for a 
particular mode of motion of the particles, but they 
were extended in their application to ordinary sea 
waves by Mr. Froude and Professor Rankine, and 
Dr. Woolley has added still further to the complete- 
ness of the solution of the general problem of the 
construction of sea waves in an admirable paper read 
by him before the Institution of Naval Architects 
last year. 

To explain the trochoidal wave theory in a few 
words and without the aid of diagrams is by no 
means easy, but an idea of it will be gained if 
we consider still water divided into a series of hori- 
zontal layers, and then bear in mind that the sur- 
faces of these layers, when the water is disturbed by 
oscillating waves, partake of the form of curved sur- 
faces, which are trochoidal in section if cut by a 

lane square to the ridge, the trochoids becoming 
ess steep as we get deeper below the surface. The 
actual water between any two horizontal layers re- 
mains the same as that between the two corre- 
sponding trochoidal surfaces ; and it will be seen at 
once from the fact that the steepness diminishes with 
the depth, thatthese originally horizontal layers must 
be thicker towards the wave crest, and thinner to- 
wards the wave hollow than the horizontal layer. 
If now we look toa vertical line of particles, or, 
rather aline of particles that was vertical in still 
water, these slope towards the approaching wave 
crest and away from the receding crest, and sway, 
as it were, to use Professor Rankine’s picturesque 
description, like the stalks of a wave-swept field of 
corn, 

We have said it was a vital matter to ascertain 
with accuracy the rate at which the various surfaces 
of equal pressure, the surfaces of originally horizontal 
layers, become less steep as the depth increases. 

Mr, Froude somewhat under-estimated this in his 
original paper of 1861, and after investigating the 
subject more fully he freely admitted in 1862 that 
he ‘‘under-valued the difference between the 
motions impressed by the transit of a wave on the 
subjacent and the surface particles,” Professor 
Stokes and Professor Airy had shown for deep 
water waves of small proportional height and for 
waves of ordinary Sere woesene: that the vertical 
motions of the particles decrease so rapidly down- 
wards, that at a depth equal to the whale length of 
the wave from crest to crest, the vertical motion is 
only fier of that which belongs to a surface —— 
Mr. Froude, simultaneously with Professor ine, 
proved that forall oscillating deep-water waves of 
the trochoidal type, whatever be the ratio of height 
to length, the following law, which governs the 
radii of the orbits of the particles at varying depths, 
and hence also their vertical motion, holds true 
rigorously, viz. : 


when ¢ is the base of the Naperian logarithms; L 
the length of the wave from hollow to crest; D the 
depth of the centre of the circle described by any 
particle below that of the circle described by the 
surface particle ; 7, the radius of the circle at depth 


D ; and r, that of the circle at the surface. 

This knowledge of the interior structure of wave 
motion modified to some extent Mr. Froude’s views 
as to the relative behaviour of broad shallow ships. 
and deep narrow ones, supposing them so weighted 
that their natural time of oscillation was the same. 
Obviously, if instead of taking the normal to the 
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wave surface as the position of momentary equili- 
brium for the ship, we take the normal to the sub- 
stratum of equal pressure which traverses her centre 
of buoyancy, it amounts to the same thing in the 
equations, except that the wave slope is somewhat 
flattened ; and in the deeper ship it will be flattened 
somewhat more than in the shallower one. 

Out of Mr. Froude’s investigations there sprung 
several more or less prolonged controversies which 
will always retain an interest in connexion with the 
science of naval architecture. We are only able to 
afford space for a brief notice of the chief of these. 

We have before mentioned that in the absence of 
any means of dealing with the behaviour of ships 
among waves, certain features of their behaviour in 
still water, under different circumstances, assumed 
an importance, the exaggerated nature of which 
was exposed by Mr. Froude’s investigations. Mr. 
Froude, on the other hand, at first attached too 
little importance to the still-water oscillations. It 
is true that in enforcing the conclusions he arrived 
at he undoubtedly swept away many fallacies which 
had gone to form the belief that differences in the 
wedges of immersion and emersion, leading to a 
bodily rise and fall of the ship, was one of the 
ewe ne causes of uneasy motion among waves. 

ubsequent investigations, however, made by him- 
self and Professor Rankine, caused him to modify 
his views on this point considerably, not as to the 
inaccuracy of the reasoning of previous writers, but 
as to the real effect of this bodily rise and fall of 
the ship which is known as dipping oscillations, 

Mr, Froude discussing the matter in 1862, says 
(Transactions T. N. A., vol. iii., 38), ** Indeed 
when it is considered how very small is the rise and 
fall of a ship’s centre of gravity, even in the most 
extreme cases which occur in practice, compared 
with the displacements which the angle of rolling 
produces in the parts of her hull distant from the 
centre of gravity, it seems obvious that the mere 
rise and fall of the centre of gravity cannot, in 
itself, have a material influence on the uneasiness of 
the motion asa whole. The place of the centre of 
gravity is, in truth, a mere geometrical abstraction, 
and the masses which make up the weight of the 
ship are for the most part far removed from it; and 
it is a mere rhetorical impulse of mind which by the 
figure of speech ‘the ship rising and falling bodily,’ 
converts into a formidable positive phenomenon 
what in truth is but a small percentage of difference 
in the rise and fall of each individual part, the per- 
centage being smallest in those parts in which the 
whole amount of motion is largest. The delusive 
nature of this conception is still more apparent 
when the rule which is deduced from it is regarded 
as applicable to a ship rolling in waves; for the 
bodily rise and fall of the ship, due to the height of 
even moderate waves, is for every description of 
ship incomparably greater than that which can be 
developed by any ship rolling in still water; so that 
the effects of the latter are inevitably altogether 
swallowed up in the former.” And as an illustra- 
tion of the above Mr. Froude estimated that in an 
extravagantly Symondite ship, say of 60 ft. beam, 
rolling toan angle of say 20 deg. each way in still 
water, the centre of gravity would only rise and fall 
through a space of 8in. or 9in., while the ship’s 
side would pass through a space of above 20 ft. 
The real reason, argued Mr. Froude, why such ships 
as rise and fall dodily while rolling often are “‘ un- 
easy” (and it is true that they often are so) is, as I 
conceive, simply that they generally possess an 
excess of stability, and consecuently a quick periodic 
time. ‘They thus possess those causes of uneasiness 
which have been shown to belong to quick periodic 
time as such, as well as being oftener liable to large 
accumulations of range of oscillation from waves of 
her own period, 

This reasoning is very clear and distinct, and we 
reproduce it because it goes to the root of an old 
prejudice. It is not complete, as we shall see, but 
it assisted, we believe, very materially towards bring- 
ing about clearer ideas on the subject. Professor 
Moseley had mentioned the fact that ships when set 
rolling would, as a rule, set up an independent 
series of small vertical oscillations, and Mr. Froude, 
as well as other writers, had shown themselves alive 
to this fact. It was Professor Rankine, however, 
who first began to investigate these dipping oscilla- 
tions, and deduced the fact that provided a certain 
relation exists between the period of the dipping 
oscillations and the period of the rolling oscillations 
the dipping motion might become cumulative, and 
lead to much uneasiness, His investigations on this 
subject appear in an extremely interesting paper 


ENGINEERING. 


, [June 20, 1879. 
—————— 








‘‘ On the Comparative Straining Action of different 
Kinds of Vertical Oscillations upon a Ship,” pub- 
lished -in the fourth volume of the tions, 
LN.A., 1863. Init he says: ‘“‘ When a ‘Symondite’ 
ship makes a series of rolls, each roll sets going a 
fresh series of dipping oscillations ; and should the 
periodic time of rolling happen to be double, quad- 
ruple, or auy even multiple of the periodic time of 
dipping, so that each roll coincides with the rising 
part of the previously existing dipping motion, the 
extent of the dipping motion may go on continually 
increasing to an amount limited only by the resist- 
ance of the water ; just as the extent of the rolling 
motion of a ship may, as Mr. Froude has shown, go 
on increasing when its periodic time coincides with 
that of the waves.” 

Itis a curious fact that Mr. Froude, also the same 
year, having learned that Professor Rankine had 
prepared a paper for the Institution of Naval 
Architects embodying, among other things, this 
question of dipping motion, became, as he has in- 
formed us, convinced that its importance must be 
greater than he had supposed, and investigated the 
matter independently with very similar results, 
arriving, like Professor Rankine, at the conclusion 
that when the period of dipping oscillations coin- 
cided with half the period of rolling, the former 
would go on accumulating its range and extent of 
motion. He also pointed out that there is reason to 
believe that, in such ships as are called Symondite, 
the period of a complete vertical oscillation in still 
water is not far from half of that of a transverse 
oscillation. 

Other controversies arose as to the resistance 
offered by the surrounding water to the rolling of 
vessels; the action of the deadwood and fine ends, 
and their tendency to make the vessel follow the 
originally vertical columns of water rather than the 
horizontal layers, the limits of cumulative rolling, and 
the relative effect of concentrating or winging the 
weight. We have not space this week to do more 
than mention these matters, which, however, are of 
much interest. They did much good in keeping 
alive the subject of rolling from year to year, and 
doubtless led to a more exhaustive investigation of 
the subject than would otherwise have taken place. 
That Mr. Froude was correct in his main principles 
is now abundantly clear, and he was generally cor- 
rect in the degree of importance he attached to the 
different forces and tendencies. He was, however, 
never content until he had reduced his investigations 
to quantitative analysis, and where approximations 
were obtained he diligently searched ton the limits 
of error they contained. Indeed, some of the finest 
pieces of close and accurate reasoning to be found 
throughout Mr. Froude’s writings are among those 
portions of his works which relate to the degrees of 
accuracy or inaccuracy consequent on the various 
assumptions which underlie his main theories, but 
to these and other branches of his work we must 
return in a future number. 

(To be continued.) 





MINERAL PHOSPHATES. 

THe members of the Academy of Sciences of 
Paris have had their attention called, in one of their 
recent meetings, to a process for treating poor phos- 
phate ores, by which means Mr. Hote has been able 
to get rid of any carbonate gangue contained in the 
mineral. All who are connected with the phosphate 
trade know that no sale can be found for ores that 


bonate of lime. This stands to reason, for the 
amount of sulphuric acid required to transform the 
mineral from a phosphate to a superphosphate, is 
much greater in the case of an ore containing car- 
bonate gangue. The first portion of acid that 
comes in contact with the ore is of course entirely 
spent in decomposing the carbonate, and it is only 
where this decomposition is complete, that the 
desired and useful chemical reaction takes place, 
that renders the mineral phosphate a dissolvable 
substance. Many fairly rich deposits are at present 
useless, owing to their comparatively high per- 
centage of carbonate of lime. 

Mr. Hote proposes to clear the phosphate of all 
its carbonate gangue by the following simple process: 
A current of steam is brought to bear on minerals of 
this description, that has been previously heated to a 
red-hot temperature. The mineral is rapidly decar- 
bonised, and a mixture of quick lime and phosphate 
remains. It is then passed through a crusher, this 
operation having been rendered easy by the effect of 





the first part of the process. -The powder is then 


contain more than a very slight percentage of car- | regard 





treated by diluted hydrochloric acid in the exact 
quantity required to transform all the quick lime 
into chloride of calcium. The phosphate repeatedly 
washed is thus obtained very pure, and can be 
treated by sulphuric acid without fear of any loss. 

Should this process prove practical and econo- 
mical, there are many poor ores, at present value- 
less, that might be turned to account. 





NOTES FROM THE SOUTH-WEST. 
Nantyglo and Blaina Iron Works Company (Limited). 
—At a meeting of the debenture holders of the Nantyglo 
and Blaina Iron Works Company, on Monday, it was 
announced that the income of the company in the present 
year would be amply sufficient to pay all interest on 
mort; s and debentures. A considerable augmentation 
of the income in the present year is also expected from 
d the increase of the out-put of the 


new lettings, an 
collieries. The disused iron works will shortly be broken 
up. 


Cardiff.—Trade at this port caine the past week has 
been brisk, both as regards exports and imports. A large 
fleet of steamers have arrived, a portion being loaded with 
iron ore from Biibao. The demand for steam and house 
coal is increasing. 

The New Eddystone Lighthouse.—The Prince of Wales 
has signified his intention of being present at the laying of 
the foundation stone of the new Eddystone Lighthouse by 
the Duchess of Edinburgh, off Plymouth, on the 21st inst. 


Avonside Engine Company (Limited).—A petition for 
a compulsory winding up of this* company came on on 
Sat: y, before the Master of the Rolls, sitting in the 
Chancery Division of the High Court of Justice. His 
Honour made the order as prayed. 


Bristol Wagon Works Company (Limited).—The report 
of the directors of this company, to be presented at the 
fourteenth general meeting, to be held on the 23rd inst., 
recommends that dividends at the rate of 5 per cent. per 
annum on the preference shares (making with the interim 
dividend 5 per cent. for the year), and at the rate of 4 per 
cent. per annum on the ordinary shares (making with the 
interim dividend 4 per cent. for the,year), be declared for 
the half-year ending 3lst March last. These dividends 
—— to 23001., and the balance, 4311., is to be carried 
orward. 


Swansea.—The tin-plate trade shows little or no change. 
The copper market remains s y, and ers continue 
firmer in their quotations for unwrought, but for manu- 
factured the market is easier. The demand for spelter 
keeps slack, and prices remain easy and in favour of 
buyers. There is no improvement in the general condition 
of the steel market. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the attendance 
on ’Change at Middlesbrough was not so large as it was 
on the previous market day, and business was absolutely 
worse t it was the ‘previous week. Nominally, prices 
were based on No. 3 selling at 34s. per ton, but merchants 
were willing to sell at as low a rate as 33s. 6d. per ton. It 
was ascertained that Messrs. Connal and Co.’s stock of 
warrants in their Cleveland yards was 79,850 tons, and their 
Glasgow stock 171,500 tons. Their Middlesbrough f.o.b. 
warrants are quoted nominally 33s. 9d. buyers, and 34s. 
sellers net No. 3. It is useless to attempt to disguise the 
fact that the paren depression is producing very serious 
results. With the exception of Balckow, aughan, and 
Co., and one or two large and wealthy firms, nobody seems 
to have any heart to on their business, or to have 
any hope in the — future. Week after week passes 
away without the slightest improvement in trade, and the 
outlook is as gloomy as ever. The production of pig iron 
continues to exceed the demand. 


The Finished Iron Trade.—There is really nothing new 

to report in this branch of industry. Mr. Charles Wood is 
receiving a good many inquiries respecting his wrought- 
iron — which are proving satisfactory on the North 
Eastern way. Nothing further has been done with 
to reconstructing the firm of Hopkins, Gilkes, and 
Co. It . beloved that on ost will be made to form a 
company for the purpose o ing over the works and 
adapting the plant. to steelmaki Messrs. Bolckow, 
Vaugham and Co., continue extending their operations in 
steelmaking at Eston. They now have several large 
Bessemer converters at work making steel from Cleveland 
iron. 
_ Engineers and Shipbuilders.—There is not so much 
inquiry in these branches as there was a month or two 
ago. On the northern rivers, however, there are are 
number of splendid steamers being built; marine engine 
builders are tolerably busy. 


The Coal and Coke Trades.—As there is some trouble 
with sections of the Yorkshire colliers, the Durham coal- 
owners are anticipating rather more activity. Meanwhile 
prices are low. 





Sypney INTERNATIONAL EXxHIBITION.—SpEcIAL CoL- 
LECTION OF SANITARY APPLIANCES, Books, &c.—We 
on oe = bay kg Mr. Was C.E., is about 

roceed ydney for the p of forming a special 
collection of sani exhibits.  Eeathedin teen ome 
at the office of the British Commissioners, 5, Westminster 
Chambers, 8.W., or from Alex. Lawrie and Co., 14, St. 


Mary Axe, E.C. 














JuNE 20, 1879.] 


ENGINEERING. 


527 





STEEL AND IRON BOILERS, 


On Eaperiments referring to the Use of Iron and Steel in 
High-Pressure Boilers.* 
By Davip Greie and Max Eytu, of Leeds. 

TuE object of the experiments here described was prin- 
cipally to ascertain the relative value of mild steel and 
iron as employed for high-pressure boilers of the ordi- 
nary pote: or traction engine type ; to inquire into 
the advisablity of changing and improving certain methods 
of construction usually adopted in such boilers. 

The principal question at issue was the means of form- 
ing the strongest rivetted joint for practical purposes, this 
being as a rule the weakest part of a boiler. 
to this, one point has been forcibly brought out durin 
these experiments, viz., that the question, at least wit 
hydraulic pressure, is much less one of absolute tensile or 
shearing strength than one of water-tightness. In this 
respect,as will be shown, an ordinary boiler fails long be- 
fore the actual bursting pressure is reached. 

The first set of experiments had reference to the tensile 
and shearing strain of the rivet iron and rivet steel em- 

loyed. The former was Taylor’s Yorkshire iron, the 
latter John Brown and Co’s. mild steel. The diameter 
of the round bars tested was j in., the length of the speci- 
mens 2 ft. 6in., carefully marked at intervals of 1 in. 
over their whole length. The shearing was effected by 
an apparatus represented in Diagram A, subjoined. Two 
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2 in. steel plates were fixed at a distance of } in. apart, so 
as to permit a third plate to slip between them. These three 
plates were perforated by a § in. drill, and the specimen 
was inse into the hole ; the two outside plates were then 
pulled by the testing machine in one direction, and the plate 
between them in the other. Thus the specimens were in 
double shear, two sections being sheared clean through 
during the process of testing. 

Tensile Tests of Materials.—The results of the experi- 
ments as to tensile strain are given in TableI. Taking 


Tasue I.—Tensile Strain of Iron and Steel Rivet Bars. 























Oo 
a bo 8 
3% Ea|a 
Particulars. é Fit » Rela 
1 Q & 2 a | Bo 
sEISS| ES | Gn | 28 
ff) oe a t 52 oP 
S-ie"|e4 |e") ee 
Diameter ... . in| 0.625} 0.625) 0.75 | 0.75 | 0.75 
Area os ooo sq. in.| 0.807} 0.307} 0.442] 0.442] 0,442 
Breaking strain, I. - tons] 8.85 | 6.90 |10.15 | 9.7 9.7 
i » Il ww. » | 884 | 675 [1018 | 9.9 | 9.0 
” » IL wn @ aaa 
Average... “se oe «99 -| 8.87 | 6.84 /10.16 | 9.8 9.25 
Breaking strain per sq.in.  ,,,/28.83 |22.23 (22.99 |22.17 |20.95 
Reduction of Section. 
in. | in. in. in. in. 
Reduced diameter oe ees} 0.843) 0.406] 0.500] 0.531) 0.515 
<< ae sae eee} 0.092 | 0.129] 0.196 | 0.222 | 0.208 
Percentage of reduced area com- 
pared with original section ...| 30 42 44 50 47 
Elongation. 
Elongation per inch (A)... ees} 0.348 0.416 | 0.440 | 0.343 | 0.437 
Pn 7 (B)... +s] 0.206] 0.279] 0.278 | 0.225 | 0.250 
” pa (C)... ess} 0.171] 0,244) 0.238) 0.195 | 0,179 











In reference | 2 


TABLE II.—Shearing Tests of Rivet Iron and Steel. 
Diameter of bars, § in. 
Area sheared through = 2 x 0.3086 = 0.6136, 








Pee Shearing 
m earing Strain per 
Material. Strain. Average. Square Inch. 
tons. tons. tons. 
1. Yorkshire iron (Taylor) .,.} 11.825 
2. » ” ae } 11,665 19.01 
3. ” ” ee | 11.575 
1. Steel(Brown) ......| 13.45 
> a to sion | 13.65 } 13.61 22.18 
3. ” ee ove 13,726 














noting how far from the truth is the rule so frequently 
adopted, which assumes the tensile resistance of iron or steel 
to be about equal to the shearing resistance, at any rate in 
cases of double shear. In the present case the latter proved 
far less than the former, in the case of iron by 16 per cent., 
in the case of steel by 28 per cent., showing besides that the 
shearing resistance does not bear any fixed proportion to 
the tensile resistance. 

Another oo requires consideration. It will be seen sub- 
sequently that the actual shearing resistance of the joints 
had nothing whatever to do with the practical strength of the 
boiler; the joints leaking under a pressure far below that 
which could have broken them, and to a degree which made 
the boiler absolutely valueless. This leakage was mainly due 
to the compression of the rivet, and to the elongation of the 
hole, which both combined to cause the rivet hole to open. 

The former is well shown by the burr left, after shearing, 
in the hole of the central plate of the shearing apparatus 
above described. These burrs, which of course would 
originally be circular, have assumed an elliptical shape, of 
which Table III. gives the exact dimensions. The reduc- 


TABLE III.—Shearing Tests. Dimensions of Burrs. 














Tron. Steel. 
Number of : 
Specimen. 
Long Axis. |Short Axis.) Long Axis. | Short Axis, 
in. in. in. in. 
1 0.616 0.588 0.616 0.583 
2 0.615 0.587 0.617 0.588 
3 0.621 0.583 0.616 0.586 
Average 0.617 0.586 0.616 0.581 














tion of the diameter in the direction of the strain was for 
iron and steel as nearly as possible the same, viz., 0.031 in., 
after exposing them to the maximum shearing strain in 
each case, viz., 19 tons per square inch for iron and 22 
tons for steel. There can scarcely be a doubt that in this 
respect the application of a somewhat harder material would 
prove advantageous. 
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The next step was to investigate the shearing resistance 
of — rivets actually formed. For this purpose three 
steel plates (jin. thick) were rivetted together according to 
Diagram B. The rivets intended to be tested were led 
=. rivets, inserted into drilled holes of }4 in. diameter. 

t was thought of some interest to ascertain the effect of 
different methods of rivetting. The first series of these 
experiments were therefore designed to conuase hand rivet- 
ting with hydraulic and steam rivetting. e results are 
given in Table IV. 

Tasie IV.—Shearing Resistance of Rivets. 
Rivet iron or steel in. in diameter. Holes drilled }} in. in dia- 
meter. The actual section sheared through, two circles of }} in. 
in diameter, or 0.7424 square inch. 





(A) is the elongation per inch within the 2 in., in which the actual 
fracture occurred. 

(B) is theelongation per inch within the 10in., in which the actual 
fracture occurred. 

(C) is the elongation per ineh of the bar outside the 2in., where 
the actual fracture occurred. 


the $in. rods (which was the size subsequently used for 
st the iron and steel showed the following average 
results : 


Diameter § in., Area 0.307 sq. in. Steel. Iron. 
Breaking strain per section ... 19,869 Ib. 15,320 Ib. 
* Sa «» 64,579 ,, 49,795 ,, 
Reduction of area per cent. il 30.1 42.03 
Elongation in 10 in., original length 2.06 in. 2.78 in. 


Thus the tensile resistance of the steel proved to be 
exactly 30 per cent. higher than that of the iron. 

Shearing Tests of Material.—The results of the shearing 
tests of the round bars previous to forming them into 
rivets, are given in TableII. The steel showed an average 
shearing resistance of 49,683 Ib. per square inch, the iron 
of 42,582 Ib. Thus the shearing resistance of the steel 
was only 17 per vent. higher than that of the iron. This 
explains how it is, that in the test pieces eee | 
rivetted seams subsequently to be described, the stee 
specimen as a rule broke by shearing of the rivets, and the 
iron by tearing the plate through the holes. It is also worth 


* Paper read before the Institution of Mechanical Engi- 
neers, June 19, 1879. 

















fa | (#8 
Method of Making] to ms 
Matorialof Rivet, /MbODS Mekins| 22 1 6 | # 
ga | £ | 3.4 
a° 14a 
tons. | tons.| tons, 
Yorkshire Iron ...|Handrivetting ,,,) 14.95 
* “ ...|Hydraulic ,, 15425} 15.46 | 20.8 
” ” ... | Steam ” 16.01 
Mild steel (Brown) ...|Hand oa 
a * ...\Hydraulic ,, 12.5 19.485] 26.8 
” ” os hen +s oe | 2004 | 





The shearing resistance of these six rivets, as will be seen, 
showed a considerable increase over that of the simple bar, 
not yet formed into a rivet, which is due partly to the in- 
creased sectional area of the material, which now fills an 
}-in. hole, partly to the friction between the plates held 
together by the rivets. It should be noted, however, that 
this increase is much greater in the case of steel than of iron. 

The striking regularity which these experiments showed 
as to the relative strength of hand, hydraulic, and steam 
rivetting both in iron and steel, led to a new set of experi- 
ments, of which the results are given in Table V. In this 
case the material used was steel exclusively, the holes being 
drilled }4in. in diameter, as before; the only difference 
being the method by which the rivet was formed. There 





were four different machines at the disposal of the writers, 





TaBLE V.—Shearing Resistance of Steel Rivets. 
Rivets nominally § in. in diameter. Actual section sheared 
thr.ngh two circles of 34 in., or 0.7424 square inch. 











& ‘ & 
& | i,| 4, gi 
b 4 ug as |@ Z 
Method of making Rivet. sala £ & £ g 
en na 
dg | Ee | FE | iu 
8 <7 | < B 
| tons, tons. tons. 
a 19.5 
Steam rivetter eee {| b 1876} 19.07 25.74 
c 18.95 
a 17.8 
Stationary hydraulic ri retorf b 17.05 17,63 23.80 
- c 18.05 
a 16.7 
Portable hydraulic rivetter,., { b 1685} 16,88 22,78 
c 17.11 
Power rivetter; light blow{| ie67 t] 16.67 | 22.50 
Power rivetter; heavy blow...| ¢ 17.6 17.6 23.76 











a steam rivetter with a cylinder of 42in. diameter and a 
working pressure of 60lb.; one of Tweddell’s stationary 
and di acting hydraulic rivetters, the ram having a dia- 
meter of 11} in., and a water pressure of 850 lb. ; a portable 
hydraulic rivetter, diameter of ram 8} in., leverage 19 
to 28, water pressure 1200 lb. ; lastly, a McColl ‘‘ power 
rivetter,”’ in which the pressure put on the rivet head can 
be varied, and which was used both with the ordinary pres- 
sure and with the maximum pressure, which could be applied. 
The pressures on the rivet heads were then as follows : 


Steam rivetter ... ois ase 82,380 
‘Tweddell’s stationary machine ... ion 86,360 
bs portable * bab ae 44,018 
McColl’s power rivetter, light blow... 69,384 
9 heavy ,, es» 115,640 


” ” 

It was considered most likely that the pressure which 
is brought to bear on the rivet head whilst forming 
must have a considerable influence on the quality o’ 
the rivet; but by compeaing the above figures with the 
results obtained, it is evident that the dead pressure, 
although of some influence, is by no means the only, nor even 
the principal cause of the difference. The steam rivetter 
for instance, gave better results with a dead pressure of 
82,000 lb. than McColl’s machine with 115,000 lb. In de- 
fence of hydraulic rivetting, it was urged, that by the 
way in which the hydraulic machinery was supplied from 
one large slow-moving accumulator, he fg approaching 
a sudden blow was avoided, and that it was this blow 
which gave so marked an advantage to steam rivetting. 
To test this point, specimens were kindly —— by 
Messrs. Fielding and Platt with of a hydraulic rivetter, su 
plied by a small quick-moving accumulator, whilst an indi- 
cator was to measure the actual pressure in the rivet- 
ting cylinder. The results obtained are given in Table VI. 
TaBLE VI.—Shearing Resistance of Steel Rivets made by 

Hydraulic Machine, with quick-moving Accumulator. 

Nominal diameter of rivets, § in, 

Actual section sheared, two circles of }} in,, or 0.7424 sq. in. 











No. of Specimen. see Rivet —_ mga 
Ib. tons 
1 eee 18.4 
2 89,922 18.75 
3 83,133 19.1 
4 84,542 19.337 
6 88,299 19.775 
6 ose 18.95 
7 ove 19.05 
Average... 19,05 











and show a decided improvement in the rivets made by the 
quick accumulator, and also to a certain extent a steady 
increase of the shearing resistance with the increased pres- 
sure for forming the rivet. 

Without going further into the question of the relative 
value of different methods of rivetting, which appears to 
require a much more experimental work than could be be- 
pes on it the mt rere + is a pee Dey ac 
in what proportion the resistance of a rivet against shearing 
is composed of the direct shearing resistance of the rivet, 
and of the resistance caused by the friction of the plates 
in contact. Table VII. gives the results, in this respect, 


TaBLE VII.—Rivet Tests. 

All rivets of steel. Diameter of rivet steel in. Diameter of 
hole it in. ‘ 
Section sheared, two circles of 3} in. diameter=0,7424 sq, in. 

Shearing strength of original steel bar 49,683 lb. per square inch 
(Table II.), or 36,885 Ib. for 0.7424 per square inch. 

Tensile strength of steel, 64,579 lb. per square inch. 

Each figure of the Table represents the average result of three 
specimens. 


























— I. Bj. IV. Vv. 

Method of making } 

therivet ... .... Steam.| Hyd, | Hyd. | Power | Power 
Pressure on rivet | 

head... oon Ib.| 82,380 | 86,360 42,018 | 69,384 |115,640 
Breaking strain of 

sample seo Ib,| 42,717 | 39,491 | 87,811 37,341 | 39,424 
Shearing strain of | 

steel in sample Ib.) 36,885 | 36,885 | 36,885 | 36,885 | 36,885 
Frictional resistance) 

of sample ... Ib.| 5,832 2,606 926 456 2,539 
Frictional resistance 

between two sur- 

faces oo Ib.| 2,916 1,303 463 228 1,269 
of the twelve specimens referred to in Table V. Taking 
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rule destroyed long before the breaking strain is reached | 
The tightness of a seam nds evidently upon two 
items: first, the rivet itself must fill the rivet hole, so that 
no | can take place through the hole; second, the 
plates must be held together sufficiently tight so that no 
water can pass between them. 
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Columns 1, 2, and 5 of this Table into account, because 
FS mance Weaker dade of tie baneln 
low , the a g samples 
rivelted by * steam, hydraulic, or power e, amounted 
to 40,5441b., whilst the mere shea ce was 
$6,885 Ib. The average frictional resistance, therefore, is 


tendency to elongate the rivet hole still more effectually 
than a roundone. Secondly, it seems reasonable to suppose 
that the frictional resistanee between the plates oneal tap 
rivetting, must be in rtion to the force which holds 
the plates together. The tightness of a seam against leak- 


age, it — be thought, must also be in proportion to this 


3659 Ib. Thus it appears that on an average the cums Now firstly, in all samples tested so far, the burr left | force, and, therefore, in proportion to the frictional resist- 
resistance of ae i. steel rivet is made up of 91 per cent. in the hole of the middle plate of the test piece, as wellas the | ance of the seam. Nevertheless in a barrel speci made 
direct resistance to shearing, and 9 per cent. of frictional | two burrs left in the outside plates, were found compressed | for testing this question, in which one longitudi seam 
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resistance. This of course assumes that the direct shearing 
resistance is the same after the material has been made into 
a rivet as before. 

In fixing the relative Co ont pitch of rivets, it is 
generally assumed that the rtions are near to 
those which give the same power of resistance to the rivet 
against shearing, and to the intermediate solid part of 
the plate against direct ing. This theory is perfectly 
correct where a joint has nothing to do but to resist a 
direct strain, as, for i » in bri rk. But i 
boiler work an altogether different element has to be 
sidered, inasm:’ as the tightness of the seam is 





in 
con- 
as a 


into an elliptical form, with the short diameter in the direc- 
tion of the strain, whilst the holes were elliptically elongated, 
with the long diameter in the same direction, so that a very 
considerable opening is formed at the back of each rivet, long 
before the actual shearing takes __ This opening 
amounted in the steel specimens to 0.225 in., after supporting 
@ maximum pressure of 19.8 tons, and in the iron specimens 
to 0.103 in., after supporting the breaking strain of 15.7 
tons. Whether under t circumstances the employment of 
elliptical rivets, intended to give additional strength to a 
rivet seam, can be recommended for boiler work, appears 
doubtful. An ipti rivet will certainly have a 





was rivetted by steam the other by hydraulic machinery, 
the latter proved ey ame bp geen to the former, although 
the shearing tests indicated a ter frictional resistance 
in the case of steam rivetting. Possibly the more quiet pres- 
sure exerted by the hydraulic machinery closes the whole 
seam better than the sudden shock of the steam rivetter, 
although the latter may be more effective in causing friction 
close to the rivet head. 

Another explanation may be —_ me fact that =e 
we compare the rivetti er of 5: specimen plates 
and of large boiler wo the effect of the sudden shock 
may be very different in the two cases. In the latter a large 
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mass is set in motion whilst the rivet head is forming, as the 
barrel itself is moving violently through about } in. under 
the influence of the shock. Thus a considerable amount of 
the momentum of the moving parts of the rivetter is lost 
in this case, andthe rivet may be less effectively formed 
than in the case of the smaller specimens. 

Tests of Rivetted Joints.—These experiments were fol- 
lowed by a considerable number of tests referring to the 
construction of rivetted seams. Each construction was re- 
presented by four specimens of exactly the same dimensions, 
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two being of steel and two of iron. One imen of each 
Heenan ae of > one of Come "8 a. The 

istinction was made, not for the purpose of testing 
two different materials, but to get a fair average result. 
The following remarks will simply refer to these average 
results obtained from Cammell’s and Brown’s test pieces. 
The iron specimens were invariably rivetted together with 
iron rivets (Taylor’s), the steel with steel rivets (Brown’s). 
The thickness of all plates was nominally 3 in., the rivets, 
except in four cases, were nominally fin. the holes being 
drilled }4 in. in diameter. The slight difference in the 
thicknesses of the plates was reduced by calculation in work- 
Fee out the experiments to a uniform thickness of 0.375 or 

in. 














The engravings, Figs. 10 to 25b, and 1c to 25c on page 528, 
represent the different specimens prepared for these tests, and 
the way in which they broke. Their width at the place where 
the was intended to occur was 6} in. and 74 in., and 
at the ends it was 10}in. These ends were ided with two 
14-in. holes at a distance of 33 in., through which steel bolts 
were inserted, connecting the specimen to corresponding 
blocks of steel. These latter s had, above and in 
the centre line between the two 1,%-in. holes, another 
2-in. hole, by which they were attached to the testing ma- 
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Thus the average tensile strength of steel was onl 
16 per cent. higher than that of the iron platen employed 
All the plates subsequently tested were of the ‘orm 
thicknessof #in. Ai to the above figures the tensile 
h of the iron plates, per inch of width, was 18,700 Ib., 

and that of the steel plates 21,700 lb. Tables XIV. and XV. 
give the details* of these tests of solid plates, and also 
the chemical composition of the different materials. With- 
out going into further details with regard to this point it 
will be seen subsequently that the usefulness of excessive 
softness in steel has its limits, an opinion which has fre- 
—S and most justly been expressed by Mr. Adamson. 

he harder steel can made without becoming brittle 
the more effective it will be for boiler work. In some of 
the steel specimens under consideration an extreme degree 
of softness has been reached, which begins seriously to 
diminish the value of the material as compared with iron. 
The scare produced some years ago oe brittleness and 
consequent unreliability of certain 
caused a reaction, which is now in danger of leading makers 
into the opposite extreme. The same Table gives the chemical 
— of the material employed for rivets. As the 
rivets have practically a diameter of }} in., the shearing re- 
sistance of one section (as determined by the previous 
experiments) is for iron 15,810 lb., and for steel 18,440 lb. 
Consequently as to shearing as well as tearing, the steel 
——- is about 16 per cent stronger than the iron. One 
useful result of the experiments with broad test plates in 
spite of their general failure must however be mentioned. 
By observing straight lines previously drawn across the 
plates, it became quite evident that the stretching of the 
whole plate was perfectly uniform after permanent set had 
taken place. It may therefore be assumed that in the sub- 
sequent experiments the strain was as evenly distributed 
over the whole seam as was practically possible. 

Tests of Punched and Drilled Joints.—The first ten 

ieces, Figs. 1b to 5b, and lc to 5c, referred to the re- 
fative value of punching and drilling. All the specimens 
were alike in their dimensions, two pieces 6} in. wide, 
forming a single rivetted lap joint, with four §-in. rivets 
1 in. pitch. The drilled holes were 0.6875 in. (}} in.) in 
diameter. The punch used was 0.6875 in. (44 in.) in diameter, 
the hole in the die, 0.781 in- (3in.) in diameter; the conical 
hole produced by punching measured at the top 0.708 in., and 
at the bottom 0.790 in., there being no measurable difference 
between the iron and the steel in this respect. Four of 
these eee were of iron, two being drilled and twe 
punched, all steam rivetted. In the punched specimens 
the conical holes were placed with their smaller ends in 
contact. Of the two drilled specimens, one broke through 
the plate, the other shea the rivets. The ave 
strength of the seam proved to be 50.4 per cent. of the 
strength of the solid plate. As shown above, the breaking 
strain of one kind of iron (Cammell’s) was somewhat less . 
than that of the other (21.9 to 22.6); it was, of course, the 
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chine, the object of the arrangement being to distribute the 
pull as evenly as possible over the whole width of the 


specimen. 
Tests of Solid Plates.—The first set of twelve specimens 
were tried to ascertain the simple tensile strength of 
Set soateges. han omy way | the a. gees 
id n low room enough for the elongation e speci- 
mens and none of them could fairly be broken. A new set 
2 in. in width and only fede tes Sinem pacha the = 
See ee uare inch: Cammell’s 
21.9 tons ; Cammell’s 24.0 tons; Brown’s iron 
22.6 tons; and Brown’s steel 27.6 tons. ives : 
Average of iron ... . 22.25 tons or 49,840 Ib. 
” steel... 25.8 9 ©6«97,792 ,, 














weaker plate which broke. But whilst the breaking strain 
of the iron between the rivets was only 84.1 per cert. of the 
normal breaking strain, the shearing of 

rivets (shown by the second specimen) was 103 per cent. of 
the ously ascertained shearing strain of the rivet iron. 


roughout the experiments same curious fact will 


be choerer, a0 np. dae, that Oe strain of 
the solid parts of the plate is considerably the 
normal breaking strain. This confirms the to 


ing as 

the interruption of the flow of force round a hole, lately 
advocated by Mr. Adamson, the effect of which may further 
be assisted by the sharp bending of the plate of ake joint 


* [We shall publish these Tables hereafter.—Ep. E.] 
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before breaking, and by the i weakness of the out- | resolved in the directions parallel and perpendicular to the | in drilled holes, excessive strength being given to this part, 
side edge of the 7 consed by the last rivets being t00 i fracture. It is not difficult to see that the effect | which was of no experimental importance in order that it 
near the edge the other hand, the shearing strain of | of the arrangement must be favourable to the strength of | should not fail during the tests. All three drums were de- 


the plate,.as the material, say M and N, cannot 
elongate freely in the direction which the strain indicates, 
a beer te with by the material between N and O, 
w has a tendency to elongate in the opposite direction. 
In all specimens tested, where a similar zig-zag frac- 
ture occurred, we find therefore the apparent tensile 
—— considerably higher than the normal. The steel 
samples broke as usual through the rivets, the latter show- 
ing a shearing resistance only 2 per cent. above the normal. 
This reduction of strength, as compared with former test 
pieces, is caused by the absence of bending of the joint, 
poser J to the double row of rivets keeping the plates more 
rigidly in line. The strength of the seam was the highest 
obtained, being 70 per cent. of the solid plate. 

Figs. 165 and 176, 16c and 17c, were four samples of an 
exceptional lap joint employed to attach the — ofa 
firebox to the front and back as rigidly as possible; these 


te | in the special boilers under consideration having to carry 
with in. 
direction 


of the machinery. The joint is double rivetted 


b rivets, 4 in. distant from each other in ev i 
the same ae did not throw any further light on | Although very rigid, itis rather weak in the plate against 
the question ‘o of them had holes, two were | direct tensile strain, and was sure (as all four specimens did) 


punched and then annealed, and two punched and unan- 
nealed; but all six sheared the rivets, giving thus some 
information about the rivets, but none about the plates. 
The seam with drilled holes showed under these circum- 
cent. of the solid plate, and 
60 per cent., whilst the rivets 
in the drilled holes sheared with 108 od cent., and in 
the punched holes with 115 per cent. of the shearing strain 
of the material. Here then punching seems to have had a 
decidedly better effect than drilling, which is probably 


due to the conical shape of the rivets in the punched holes. 


The bad results of punching above obtained as to plates, 
and the favourable ones as to rivets, may also explain the 
very conflicting opinions which still exist as to the value of 
either, when equally well done. The one appeared to be 
favourable for the rivet, the other for the plate. 

Tests for different Modes of Rivetting.—Twelve lap- 
jointed specimens, Figs. 66 to 115, and 6c to llc, of the 
same dimensions, with drilled holes, were then 
prepared to investigate the value of different methods 
of rivetting. Half of them were again of iron, half 
of steel, and the three methods employed were hand, 
steam, and hydraulic rivetting, the machines employed 
being those described above in connexion with the tests 
of single rivets. The hand-rivetted iron specimens broke 
through the plate, showing the seam to have a strength of 
46.5 per cent. of the solid plate, and the iron section to 
break with 82.5 per cent. of its normal breaking strain. 
Of the iron specimens rivetted by hydraulic and steam 
power one broke in the plate, and the other sheared the 
rivet in each case. The strength of the seam proved to be 
50.9 per ceat. of the solid plate for steam, 53.9 per cent. 
for hydraulic pressure, the breaking strain of the iron 
being for steam 84.6 per cent., and for hydraulic power 
89.6 per cent. of its normal breaking strain. Here then hy- 
draulie rivetting has come out distinctly superior to steam 
rivetting, its quiet action no doubt injuring the material less 
than the shock given by the steam rivetter. Hand-rivetting 
of course is left far behind by the two other methods. 

All the six steel specimens again broke by shearing of the 
rivets. Hand, steam, and hydraulic pressure gave re- 
spectively 49, 58, and 54 per cent. for the strength of the 
seam as compared with the solid plates, and the rivets broke 
respectively with 95, 112, and 107 cent. of their normal 
shearing strain. Here then hydraulic rivetting has come out 
pores. Ay the proportion corresponding remarkably well 
with previous experiments concerning a single rivet. The 
fact then seems to be that the plate, especially if soft is 
much less injured by ne rivetting, and that this 
method has, therefore, a decided advantage, where the plate 
is the weaker part, but that the rivet itself is stronger 
when put in by the steam rivetter (at least by the ma- 
chines used for these experiments), os —7 to the 
greater compactness of the rivet material obtained by the 
sudden shea 

Tests for Size of Rivets.—The next four specimens, 
Figs. 126 and 134, 12c and 13c, also lap joints, were of a 
different construction, { in. rivets being used with a pitch 
of Pas The two steel specimens unfortunately failed 7 
breaking at the ends, but the two iron ones proved muc 
superior in strength to those made with § in. rivets, giving 
57.6 per cent. of the solid plate for the seam. One broke 
in the plate, the other sheared the rivets, the plate proving 
much stronger, the rivets much weaker than usual. In 
fact the strength against tearing and shearing of the 
fractured parts as compared with the normal tearing and 
shearing strength was exactly the same, viz., 97 per cent. 
This can be at once explained by the fact that the 
plates are much less liable to be bent under stress, when 
perforated by fewer and larger holes than by a greater 
number of small ones. 

Tests of Double-Rivetted Lap Joints.—The next test 

ieces, Figs. 146 and 15, l4c and Ic, represented a 
Jouble-rivetted lap joint made with § in. rivets, of 2} in. 
pitch, the distance of the two pitch lines being 1 in., and 
therefore the distance from rivet to rivet diagonally 14 in., 
the same as in the single-rivetted seams above described. 
One of the iron specimens broke h the plates, the 
fracture following.a a through the rivet holes, 
the other the rivets. The of the seam 
a See es ss te 

case (zig-zag fracture section along 
the lime of broke with 113per cent. of its normal tear- 
ing strain. The actual strain is here calculated (see Fig. 28) 
as the same of the two components of the direct strain,* 

* it is here assumed that these component strains exert 
their full effect on the material, exactly as if they both 
acted in the same direction. 








to break in a straight line across the rivets. Its strength 
proved to be 59 per cent. of the solid plate for the iron, 
and 63 per: cent. for the steel specimens, showing again 
the great advantage <?—— by the effect of a double row of 
rivets in preventing the bending of the joints under stress. 

Tests of Butt Joints.— The next four specimens, Figs. 18), 
18c, 19b, and 19c were single rivetted butt joints, with a 
cover plate on one side only, the four # in. rivets being ar- 
r exactly as in the lap joints above described. The 
result was very entavouhts. The cover (which was of 
the same strength as the plate) bent readily (see Fig. 27) 
asan ordinary lap joint would have done, and could not 
in any way strengthen the structure. The iron specimens 
gave way in the plate, the seam showing a strength of 
46 per cent. of the solid plate, that is to say, not higher 
than that of ordinary lap joints. The steel samples 
sheared through the rivets, their strength being 56 per 
cent. of the solid plate. A similar result was obtained by the 
following four butt joints, which were double rivetted 
(see Figs. 205, 20c, 216, and 2lc), the arrangement of 
the rivets corresponding to that of the double-rivetted 
lap joints above described. The iron specimens gave even 
less favourable results than the corresponding lap joints, 
conclusively proving that a butt joint of the ordinary de- 
scription, viz., with one cover of the same thickness as 
the plate, has scarcely any advantage over the ordinary la) 
joint. The results are very ‘different in butt joints wi 
double covers, of which eight samples were pre x 
four being single rivetted (see Figs. 226, 22c, 23b, and 23c), 
and four double rivetted (see Figs. 245, 24c, 25), and 25c). 
The shearing resistance of the rivets is by this construction 
at once doubled, as two sections have to be sheared to break 
arivet. All specimens therefore broke through the plates. 
But the tensile resistance of the plates was also greatly in- 
creased, partly because the construction prevents all bend- 
ing of the plates, partly because a considerable amount of 
frictional resistance between the plates is gained. Thus, 
in all these cases, though the plates broke, the strength of 
the seam was from 60 to 68 per cent. of the strength 
of the solid plate, and the breaking strain of the frac- 
tured section rose in the last case to 126 per cent. of 
the normal breaking strain of the steel. Table VIII. gives 
a general summary of this set of experiments. Some of 
the results are no doubt due to irregularities and acci- 
dental circumstances, which even considerable care cannot 
always avoid in a boiler shop, and the numbers of specimens 
were scarcely sufficient to fet at perfectly reliable average 
results. Besides, the field of possibilities in this special 
chapter is so large that it was impossible to undertake 
a comprehensive and exhausting investigation in search of 
the best rivetted joints. Nevertheless, certain general truths 
are sufficiently indicated to lead, it is hoped, to further and 
more extensive experiments. Such are the far higher per- 
centage of strength in a seam of steel compared with iron ; 
the reduction of the tensile strength of plates in lap joints ; 
the increase .of the shearing resistance of rivets over rivet 
iron or steel; the increase of the tensile strength of plates 
in zig-zag rivetted joints ; the effectof hand, hydraulic, or 
steam rivetting on rivets or plates, and numerous other 
points, which the present experiments could scarcely do 
more than suggest. 

Tests of Boilers Complete.—The following tests re- 
ferred to the completed parts of a locomotive shaped boiler 
as generally employed for portable or traction engines of 
every description. The two principal parts of this class 
of boilers, viz., the firebox and the barrel containing the 
tubes being essentially different, both portions were sepa- 
say subjected to experiments which are now to be de- 
scribed. 

Tests of Stayed Ends.—Three drums were constructed 
representing a firebox side with its s The general 
design of these drums is shown by Figs. 30 to 33, page 529. 
One end plate representing the inside of the firebox was 


ed by hydraulic pressure, and in every case it was the 
breaking of cetapubish echdetelthovane iment. But the 
break did not take place before the er plate had as- 
pra a eg el . a 
proving ough a slightly stronger stay mig’ an 
ad » the proportions could ly be altered 

i so as to obtain increased with the same 


amount of material. In setting out the stays within the 
circle of the test pieces, it was unavoidable to Lean some 
of the outside stays somewhat nearer to the flanged edge 
of the plate than others. Still the maximum distance from 
the edge was only 44 in., or } in. more than the distance to 
the nearest stay. Nevertheless it was in all three cases one 
of the outside stays, and not one in the centre of the plate, 
which gave way. This was doubtless the effect of the 
elasticity of the flange. It is worth remarking, that the 
outside rivet seams, by which the sides and the short barrel 
were connected, gave no material trouble up to the very 
igh pressure at which the stays burst. The iron 
¢ 0. 3) failed with a pressure of 1230 lb. per square inch. 
n this case the stay gave way, this being one of the outside 
ones, but not the one which had the greatest distance from 
the edge. The first signs of the failure appeared with a 
— of about 1150 lb., when the edges of the rivet 
ead of the stay crumbled away. The plate, bulging out 
between the stays in the well-known fashion, was then be- 
ginning to leave and partly to strip the thread, and subse- 
quently the stronger plate on the other side bulging also 
freely in the opposite direction, the stay slipped gradually 
and ey inward through the hole of the thinner plate, 
through which the water escaped. The section of the solid 
part of the stay (minus the t. ) having a diameter of 
barely }3 in., is 0.51 square inch. ‘Lhe tensile strength of 
the iron employed was 22.23 tons per square inch, and a 
stay ought therefore to carry 11.34 tons, or 25,400 lb. The 
area supported by the stay should have been 4} in. square, 
or 18.06 square inches. Owing to its being one of the outside 
stays, this area was slightly larger, but as on one side the 
plate around the stay was supported not by other stays, but 
by a flanged bend, which probably is an element of weakness 
as to the rigidity of the plate allowing it to bulge more 
readily, the above figure can only have at best an approxi- 
mate value. The normal area supported by each stay, with 
a pressure of 1230 lb. per square inch, gives a total pres- 
of 22,214 lb. per stay, so that the stay gave before its 
actual breaking strain was reached by 3180 lb. In other 
words, the rivetted head gave way at 12 per cent. below the 
breaking strain of the stay. Considering that something of 
this may be due to the irregular manner in which the plate 
is supported on one side of an outside stay, the result seems 
to prove that with the proportions given the strength of the 
rivetted head is nearly equal to the tensile strength of the 
stay, and that little could be gained by employing check 
nuts instead of rivetted heads. The steel drum, (No. 1) 
broke under a pressure of 1628 lb. per square inch. 
In this case a stay broke fairly in the middle 
between the two plates with a loud report, the plates then 
bulging out freely, and the stay ends leaking, so that no 
higher pressure could be obtained. In this case, as before, 
the area supported by one stay is 18.06 square inches, so 
that the maximum pressure put on one stay amounted to 
29,402 lb. The sectional area is as before, 0.52 square inch, 
and the breaking strain of the steel employed is 64,579 lb. 
per square inch. The stay ought therefore to be able to 
carry 33,581 lb., but as it carried only 29,402 1b., it broke 
with a strain 12 per cent. lower than its maximum tensile 
strength. This is exactly the same result as that obtained 
by the iron barrel, showing almost conclusively that it has 
to be explained by the weakening influence of the flange edge 
of the plate. The third barrel, by which it was intended 
to ascertain the effect of providing the stays with nuts on 
the outside of the thinner plate, was in this respect a failure. 
The stay, as in the previous experiment, was sure to break 
before the plates were materially damaged. But much earlier 
than expected, at 1445 lb. per square inch, one of the stays 
near the edge broke inside the drum, and the end with the 
nut and washer, stripping the thread within the plate, was 
shot out of the hole with great violence. 

Tables IX., X., and XI., page 531, give a number of 
measurements of the three different drums taken whilst the 
pressure was gradually rai There is no doubt that the 
tendency to bulge is considerably checked by nuts ; but even 
without nuts it appears that the stays in high-pressure 
boilers, as usually employed, are so weak that no serious 
bulging takes place before the stays break. 

Zest of Boiler Shells.—The next questions which it was 
desirable to investigate were referred to the longitudinal 
boiler barrel. Three longitudinal barrels (see Figs. 34, 35, 
and 36), 3 ft. in length, and 2 ft. 11} in. inside diameter, 
were constructed in order to supplement the experience to 
be derived from the complete boilers, one of iron and one 
of steel, which were afterwards to be tested. As these 
boilers themselves had at the ends single-rivetted lap joints 
with drilled holes, two barrels, one of iron the other of 
steel, were constructed with similar joints, the holes being 

hed, and in case of the steel barrel annealed. The third 





of # in. plate, the other co nding to the outside shell 
was ;,in. This greater thickness is not required by the 
boiler as such, but is employed in the special case of steam 
ploughing or traction engine boilers, where this side plate 
carries part of the machinery. : 

The stays were jin. in diameter, 44 in. apart, ‘and in 
— land 2 were he ag fate 3 at ogee both sides. 

ey were tapped right through, having hreads per 
inch. One of these (1) was entirely of steel, the 
other (2) of iron. The third drum was lof steel, with 
check nuts at the end of the stays on the side of the 
weaker plate. The clear space between the two plates was 
2} in. wide, ing to the water space of the 
firebox. The edges of the were and rivetted 
to the short barrel connecting them with ?in. steel rivets 





barrel, also of steel, was double rivetted with drilled holes, 
one seam being made by a hydraulic, the other by a steam- 
rivetter... Figs. 34, 35, and 36 give the details of these 
barrels. The flanged ends were single rivetted with jin. 
steel rivets in drilled holes, and otherwise sufficiently 
stayed, to resist the expected maximum pressure. For the 
longitudinal seams gin. rivets were used, of iron in the 
iron, and of steel in the steel barrels. 

All three experiments came to a close by the violent 
leaking of the longitudinal seams, which after repeated 
caulking could, not be made to hold more than a certain 
moderate pressure. As this pressure was far from the 
breaking strain of the seam, either by shearing of rivets or 
tearing of the intermediate plate, the tests could not show 
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Company, of which Mr. Jacob Lorillard is president, are 
erecting off West re the Dela Coney Island, a large iron pier. 
The contractors are Delaware Bridge Company, and the 
work of construction is under and supervision of Messrs. 
Maclay and Davies, civil he pier, when com- 
leted, is to be 1000 ft. in length, greet outward from 
h-water mark. Its width is to be 50 ft., with enlarge- 
ments of 100 ft. in width at the shore end, the centre, and 
the pierhead. It is to be double-decked, with iron sub- 
structure, the whole ‘supported by wrought-iron tubular 
— 9 in. in Sanction, Ss of }-in. metal. These 
rows, at distances of 20 ft. ‘longitudinally 
and 16 ft’ 8 in, la! Each pile has at its base, 
circular cast-iron disc ‘ft. in diameter, which, when sunk 
into thesand, acts as a supporting base, and at the 
of 15 ft. or 20 ft. insures a perf The 
are driven the “ Iron ca 
are — won ght piles, and they whist te sup 
wrought- beams. together, upon w e Pantone 
structure will rest. The structure is to be made more 
secure by being Se er léin. 


a 


in diameter, and wh struts bolted to the 
tenes transversely. hen a ome the entire structure 
will be su } The flooring of the 
pees be wel finish and enclosed in a handsome 


landing stage will be at the lower deck 
and will be guarded by massive oak fender 


pba of the pier ng 


* ghoiab Freight Ca irs.—Statistics compiled 
from reports to the i Commissioners of Massa- 
chusetts from 1872 to 1876, inclusive, show that the averago 
repairs on on freight cars on eight railroads centring in 
Boston were over 75 dols. oor or yearly. This expense 
would, it is believed, be largely id the substitution 
ef iron for wood in car construction 


t line of fortifications which 


pletely Thanks to Baker Pasha’s ya 
attention, the Catenin ones * is now placed beyon 

reach of the Sultan’s A Righy compete Deitieh 
wees Setmeotnabie, and wisn thes opleion the of 

and wi opinion the views 

Tord Pasha nad’Akef Pasha are in accord. now 
ceahian 00 be dont tnpentae the week com, » 
is to finish the road-making, and to construct the maga- 


te 


A8OY 


— with all a 2 is also — Feng an “that part a be 
ussian engineers been appoin survey 0 

the Armenian plateau lately acquired by Russia in order to 
test the mnotlenbility of a railway as far as the Persian 
town of Hosht, on the southern shore of the Caspian 


New Zealand Ornamental Woods.—Amongst the exhibits 
forwarded from Auckland, New Zealand,'to the Sydney Exhi- 
bition, will be a fine collection of the beautiful ornamental 
woods of the province of Auckland, furnished by Mr. Norrie, 
aw ge ea of Shortland-street. The specimens will 
inclade five varieties of mottled kawri, amongst which is 
one known as the fern-leaf variety—a beautiful s —— 
of this rare sort. There are also samples of mottled totara, 
puriri, rewarewa. In ornamental woods for cabinet 
purposes there is no country in the world which produces 
greater variety or specimens of yr beauty than the 
province of Auckland. The f each slab is to be 

lished, and the other half is to be left in its natural state. 

n order to show the difference between the mottled and 
the plain woods "ot the same ~ a Mr. Norrie. will also 
forward specimens of the latter 


Honduras.—Honduras is going in for telegraphs. A 
line is in progress from the port of Trujell, on the east 
coast to the capital, a distance of 350 miles. The wire and 
other materials have already been sent out from the United 
States. When this line is completed, Honduras will be 
within three days of New York vid the Havana cable. 

Indian Cities.—British India has 44 cities counting 
ne Se ae o wards, the most po; ulous ones 

— 892,429; Bom bay, 644, 


397, 779; Benares, 175, 188; Patna, 
158,900 $ Dan 154,417 ; 149,008; Allahabad, 
143,693 j Bangalore, 142,513 aritsur, 135, 813 ; Cawn- 


Bore’, 10 107, 148 ; Bareilly, 7162, 982 ; Rmodabed, 116,078 
re, 
Rangoon, 98,745. 

Gold in Russia.—The St. Petersburg pa report 
great development of the gold production of Russia. reels 
con in considerable, quantity have recently been 
discor in the Ural Mountains. It is said that in the 
— s 6 Besian 8 — found pe gold 
in his gold mine, near a yoeet in weight, 
representing a value of nearly 18 5,0007. “ 

Reading Railroad.— 


Rails the Philadelphia a 
The Philedes i Iron Company’s 





nd 
hia and Reading Coal 
mill in Reading is at and th - 
tracts on hand will keep it andl ‘Sept ber. ‘This 





superior rail, at a slight advance in price ae. an ordinary 
rail, which is more than repaid by the greater wear. 


Coal in Victoria.—There have been so many announce- 
ments of the discovery of paying seams of coal in Victoria, 
all of which have proved to be failures, that any fresh noti- 
fication of such a discov > looked upon with suspicion. 
It is, however, now said ta seam of , at least 
2ft. Gin. thick at the outcrop, has been discovered at the 
Moe, about two miles from the Gip d line of railway. 
A company is being formed to test the discovery. 


French moe ny ere Ewpenses.—The ratio of the 
working ex, the traffic receipts on the old network 
of the Paris, oo and Mediterranean Railway was 
brought down last year to 36.03 per cent. The correspond- 
ing ratio in 1877 was 37.08 per cent. 


Tronon the Philadelphia and Reading Railroad.—The 
Philadelphia and Reading Railroad Company is testing the 
utility of iron crossties, instead of wood sleepers, near its 
depot at Phoenixville. 

4 Tramway for Adrianople.—A letter from Adrianople 
says that a project is on foot for the construction of a 
tramway from the tch Railway Station to the 
town. The road is level, and the only difficulty is the 
Maritza, the existing stone bridge over which is too narrow 
to allow room for a tramway line on its present platform. 
It is proposed, therefore, to turn to the massive 
stone abutments which project on the upper side of the 
— and to build a platform for the tramway upon 

em 


American Bri 
weight, the iron 


Restoration. to their immense 
in which rest two of the spans of a 
long railroad bridge at Easton, L Negpaartgee ae nd sunk 
about an inch, throwing the bridge out of As it 
was certain the depression would continue, owing to the 
fact that the inside masonry of the pier is less solid than 
the outside, an iron cas' 12 ft. long, 3 ft. 3in. wide, 
and 3 in. thick, weighing 7000 lb., was recently successfully 
ol Nek the spans in order to elevate them. The 
h 180 tons each. H jacks were uw: 
Phe 8 Sous raised, the masenry redressed, the castings 
ASE nS 4 and > spans lowered without the 
ieee on the Chicago, Milwaukee, and St. Paul 
Ratlroad.—It copesse that twelve additional locomotives 
were placed ae Chicago, Milwaukee, and St. Paul 
Railroad in 1 — company’s stock of engines was 
thus increased to 
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THE PROGRESS OF AGRICULTURAL 
MACHINERY. 

THE substitution of mechanical appliances for hand 
labour to perform the various operations connected 
with agriculture, dates back almost to the time 
when machinery began first to be employed in in. 





notions which lasted until a comparatively short tim 

ago. But a broad line of demarcation separates the old 
from the new, the mere efforts towards the application 
of — when knowledge and machines were both 
embryotic, and the later developments of mechanical 


science, the results of which are so fully exposed on 


the show ground of the Royal Agricultural Society. 
: >. 


The history of this Society, short though it) is, for 
it was founded only forty years ago, is marked by 
three distinct epochs—the practical and general in- 
troduction of steam power on the farm; of reaping 
machines, and of steam cultivation. Those who 
remember the early shows of the Society, and com- 
pare them with the present, will see that develop. 





Fig. 2. 


dustry. Nearly a century ago premiums (not 
awarded however) were offered for reaping machines, 
the requirements of which were to be practically the 
same as those fulfilled by these implements to-day. 
More than a century ago thrashing machines—of 
the rudest kind—were used, driven first by water 
or horses, and not long after by steam, to replace 
the labour of the flail. Steam power on the 
farm was commonly employed between 1810-20, in 
the southern and midland counties, represented by 
the high-pressure “‘ puffer” of Trevithick ; in the 
northern counties and in Scotland by the cheap con- 
densing engines built chiefly in Glasgow. Steam 
cultivation, in its present form, one of the 
most modern developments of agricultural ma- 
chinery, is 200 years or more old as an idea ; but 
taking, of course, the only practical form of letters 
patent, until Trevithick produced his steam culti- 
vator, and interrupted the break of mere sterile 





OLD HORSE ROLLER, AT 





Fic. 3. OLD HORSE ROLLER AT KILBURN. 





ment in almost every other branch of agricultural 
engineering has been as rapid as}the growth of 
agriculture itself, the one constantly reacting on and 
stimulating the other. 

The felicitous idea of Mr. Jenkins, the secretary 
of thé Society, to characterise this present meeting 


-at Kilburn with a spec'al feature — that of a Museum 


of Antique Implements—marks more strongly than 
anything else could do the rapidity and extent 
of the progress made; but connecting these early 
efforts and the modern examples which crowd the 
ground, there has been a continuous or almost con- 
tinuous chain, only the first and last links are 
present. To supply the intermediate ones, to write 
a complete history of the progress and development 
of thé various branches of agricultural machinery, 
would far exceed the limits at our disposal, but we 
have thought that the present is a fitting peed 
for tracing out and recording some of the leading 
D 
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facts connected’ with this development. Such a 
record could be extended indefinitely, and be made 
almost with equal interest on every class of imple- 
ment and machine, but we have been compelled to 
limit our inquiry chiefly to reaping machines, 
thrashing machines, steam power and steam culti- 
vation, with a few remarks upon implements of 
tillage, drills, &c. Some of the facts wanting in this 
record, which, however, does not pretend to com- 
pleteness, will be found embodied in our review of 
the progress of the Royal Agricultural Society com- 
menced on another page. 


IMPLEMENTS OF TILLAGE, 

In his interesting volume on implements of agri- 
culture, published in 1843, the late Mr. J. A. Ran- 
some ascribes to Holland the credit of having been 
the first country to improve the design and construc- 
tion of the plough, which, until the seventeenth cen- 
tury, bad been an implement of the rudest form. The 
Dutch plough was early introduced into England and 
Scotland, and in 1730 a patent for certain improve- 
ments was taken out by W. Blythe, and under this 

tent ploughs were largely manufactured by J. 

oljambe, of Rotherham. This implement, known 
as the Rotherham plough, was used in the north of 
England for more than a century. The whole of 
this implement, except the draught irons, share, and 
coulter, was of wood; the mould board was also of 
wood, covered with an iron plate, In 1763 James 
Small, a Scotchman, established a plough factory at 
Black Adder Mount, near Berwickshire. He was 
the inventor of the cast-iron mould board, and he 
introduced a chain for taking the line of draught 
over the body of the implement. Out of this form 
was developed the plough made entirely in iron, 
and under the hands of Wilkie and Finlayson the 
so-called Scotch plough was brought to the state 
of perfection at the date referred to. With very 
few exceptions, ploughs continued to be made by 
local artificers, blacksmiths, and wheelwrights ; and 
standard — were copied, improved upon, or 
spoilt, according to the notions and abilities of their 
obscure makers. The first great factory for this 
manufacture was established about 1780 by Robert 
Ransome, and the firm has for one hundred years 
maintained the reputation it then established in this 
specialty. In 1785 Robert Ransome obtained a patent 
for making shares of cast iron, and shortly after he 
introduced many improvements in detail. In 1803 
he secured a second patent, this time for a process 
to case-harden cast-iron shares. It had been found 
that the ordinary share wore away quickly when in 
service, and that the cutting edge became unfit for 
passing through the ground. ‘This second Ransome 
patent referred to the case-hardening to a depth of 
about an eighth of an inch, the flat portion under- 
neath the share, the effect being that the cutting 
edge was kept constantly sharp, owing to the wear 
of the upper and softer portions of the share. Shortly 
after followed the improvement of adding to the 
wooden body of the plough an iron soleplate or 
slade, and this was succeeded by the adoption of cast- 
iron bodies in one piece. The wheel plough was a 
later improvement. The implement was practi- 
cally the same as before, only the end of the beam 
was raised and set upon the top of a carriage resting 
on two wheels, the line of draught being the same as 
in the ordinary swing plough. Then followed the 
om with a fore carriage and two wheels of dif- 
erent diameters, one for running on the land and 
the other in the furrow, the lever plough for at once 
adjusting the depth of the wheel to the desired 
depth of the furrow, and the friction wheel plough 
with a wheel placed behind the mould board for re- 
ducing the friction on the slade. The double-furrow 
plough, which has since its introduction received so 
many improvements and amplifications, was in- 
vented by Lord Somerville. Subsoil ploughs were 
introduced very early, one of the first being made 
by Worlidge in 1677, while many forms are to be 
seen in the earlier volumes of the Society of Arts’ 
Journal, and in the Repertory o: Arts and Manu- 
factures. Smith of Deanston, whose name is also 
known in connexion with many improvements in 
agricultural implements, introduced in more modern 
times a practical form of subsoiler, and so did Sir 
Edward Stracey, of Rockheath. 

The collection of antique ploughs at the Society's 
show ground at Kilburn illustrates well many of the 
implements of this wages wear in use at the beginning 
of this century; the following memoranda of the 
ae sent by Messrs. Ransomes, Sims, and Head, 
will give an idea of the nature and value of the 
collection : 





1. The board of new and wornchilled ploughshares 
made under the original patent of Robert Ransome, 
A.D. 1803, showing the effect of the chilling process 
in maintaining the cutting edge. 

2. A Suffolk gallows plough as made by Ransome 
and Son rae 4 years ago, and still in use in the 
county of Suffolk. 

3. Ransome’s wood beam double plough. The 
specimen exhibited was supplied to Mr. Richardson, 
Great Limber, Lincolnshire, forty-five years ago, 
and was taken from work for this exhibition. 

4. Ransome’s patent trussed beam plough, as 
made and exhibited in 1844 at the Southampton meet- 
ing of the Royal Agricultural Society, and where, 
with simply a change of breast, it took the first prize 
for light land, and the first prize ey land. 

5. A Java plough, as made in that island, and used 
at the present day. 

6. A Crimean three-furrow plough, as used in South 


Russia, Moldavia, and the banks of the Danube, 


until within the last ten years. It is now superseded 
by the modern three-furrow a ae with patent 
lifting apparatus, invented by Mr. J. R. Jefferies, 


of the firm of Ransomes, Sims, and Head. 

7. An Egyptian plough, as made in Egypt, and 
used in the present day. Is almost identical with 
those shown on the ancient Egyptian monuments, 
and may be considered the earliest form of plough, 

Messrs. J, and F. Howard, of Bedford, also send an 
interesting collection of representative ploughs ; they 
comprise a plough made entirely of wood except- 
ing the share coulter, which was manufactured early 
in the present century for use in the Cambridge- 
shire fens; a wood beam ridging plough witb light 
wrought-iron frame breasts, and share for use on fen 
lands (this implement is about 50 years old); and 
one of the earliest patterns of potato-raising shares 
used in the Cambridgeshire fens. 

The operation now known as harrowing, namely, 
that of pulverising the ground after ploughing, and 
removing weeds, roots, &c., or to cover in seed, is 
as important and as old a process as that of plough- 
ing. Thick and heavy trees dragged over the 
ground served until comparatively recently for this 
purpose, and are still used in many parts of the 
world. The modern harrow in all its various forms 
is of recent introduction, commencing first with a 
compound implement of wood, with iron tines, and 
then changing into one wholly of iron. At the Bristol 
meeting of the Royal Agricultural Society, Smith 
of Deanston exhibited a so-called chain harrow, 
consisting of a number of iron discs, each having a 
hole in the centre, and mounted in series upon rods 
held together by chains ; the discs on the implement 
when dragged on the ground were forced into it, 
reaking up the clods, and very efficiently doing its 
work. A revolving harrow was patented by Vaux 
in 1836. This was an iron frame running on wheels, 
with an adjustable furrow wheel occupying an in- 
termediate position. Two sets of tines arranged 
radially upon drums were caused to revolve and 

rform the work as the machine advanced. Bid- 
yell’s extirpating harrow was an implement much 
valued when introduced, and which has survived the 
test of time. Its object was for breaking up land 
when too hard for the ordinary harrow, and it con- 
sisted of aniron rectangular frame mounted on two 
large wheels, and carrying three sets of heavy tines, 
one behind the other. Each of these sets could be 
raised or lowered at pleasure by a long lever going 
back to the rear of the implement, and a steering 
lever was also added, 

One of the interesting objects in the Museum at 
Kilburn is an old form of Norwegian harrow, re- 
presented by the sketch, Fig. 1, on the preceding 
page. It has two wooden cylinders, in which the 
tines are inserted spirally on each cylinder, and in 
such a way that the tines of one roller pass midway 
between those of the other, so that one set may 
clear the other when at work, On the frame of the 
implement is a pair of wheels upon which it travels, 
the harrow being turned over upon them when not 


in a, 

ear to this implement is an old form of roller, 
or clod crusher, Fig. 2, in which aseries of V shaped 
rings are mounted on a large wooden drum. On 
the platform above, are boxes for containing weights 
to increase the efficiency of the implement. Fig. 3 
on the same page is a yet more antique class of roller 
constructed entirely of rough pieces of trees, un- 
fashioned, and with the bark upon them. 


DRILLs, 
_ We may briefly indicate the progress made in the 
implements for sowing seeds up to the date when 





the Royal Agricultural Society was established: 
Allusions are made not only.to seed, but to manure 
drills, as early as 1638, but they must have been of 
the crudest possible description. Between 1730 and 
1740 Jethro Tull, whose name appears in connexion 
with all branches of agricultural mechanics known 
in his time, schemed quite a number of implements 
for this p . In his earlier attempts he pro- 
duced a Frill plough with three rows, and adapted 
for sowing wheat and turnips; it had two seed 
boxes set one behind each other, the coulters occu- 
pying the same relative positions, so that two dis- 
tinct sowings could be carried on at the same time. 
A harrow attached to the rear of the implement 
was employed for covering up. In a second imple- 
ment he arranged for sowing turnip-seed at two 
different depths, so tnat one part of the crop 
might come up later than the other ; and to him ap. 
parently is due the credit of using revolving seed 
barrels with notched or serrated edges for taking 
up and delivering the seed. In 1782 Sir James 
Anstruther showed a drill plough to the Bath and 
West of England Society, which sowed two furrows 
at a time, and which appeared to have given general 
satisfaction, and between that date and 1792 ten 
patents were applied for, for implements of this 
description. Of these the most important appears 
to have been devised by a Mr. J. Cooke, a clergy- 
man of Heaton Norris, of Lancashire. In it he 
employed a large open seed-box divided into par- 
titions, and mounted on trunnions in such a way 
that it could be always adjusted to a horizontal 
position in working on inclined lands ; in communi- 
cation with the seed-box was a horizontal cylindrical 
bar, the length of which was equal to that of the 
seed-box. On this bar were placed a number of 
small cups, the sizes of which could be varied ac- 
cording to the seed to be sown. In revolving, the 
cups on the bar carried, each of them, from the box, 
the desired quantity of seed, and deposited it in the 
hoppers leading down to the ground behind the 
coulters ; the harrow following closed in the ground 
over the seed.* 

In 1790 an improvement in this drill was devised 
by H. Baldwin, of Mendham, in Norfolk. The 
alterations made are specified as follows: ‘1. In 
making a sliding axle-tree by which the carriage 
wheels could be extended at pleasure to the widths 
of the stretches or lands, and by which means 
another box with cups and more coulters could be 
used. Thus a drill containing fourteen coulters 
could be enlarged to one of eighteen or twenty. 
2. In making self-regulating levers to which the 
coulters were attached; this was done by hanging 
each coulter on a distinct lever, placed at right 
angles to the crossbar of the framing, upon which 
each lever was made to swing by an ordinary hinge 
joint, and had a movable weight at its opposite end, 
to press the coulter into the soil.” Smyth, of 
Peasenhall, and Garrett, of Leiston, very early took 
up the manufacture of drills, and gradually im- 
proved upon the original ideas of Cooke until they, 
in conjunction with other makers, have perfected 
the Suffolk drill into the admirable implement of 
to-day. Smyth introduced many improvements, 
in the Cooke drill as modified by Baldwin; 
he added a mode of adjusting the coulters so 
as to vary the widths between the rows; he 
added an independent manure box, to be worked 
with the seed drill if desired, and fed the 
manure by means of cups in the same way as the 
seed. At the time when the Royal Agricultural 
Society commenced the annual show, the seed drill 
had become a fairly perfected implement. As we 
glance through the progress made from year to year, 
we shali refer to some of the leading alterations 
made since that date. 

A glance at the Museum shed at Kilburn, and its 
parallel collection of old and modern implements, 
shows how great the advance has been in point of 
manufacture, but not as regards design. 





A large number of miscellaneous implements 
are collected in the Museum shed at Kilburn, 
a few of which it may be convenient to notice here, 
as they do not come within the classification we 
have adopted. They refer chiefly to chaff-cutters 
and food-preparing implements which show almost 
every conceivable variety of primitive design. In 
several of the chaff cutters a long knife hinged 
to an extension of the frame at the base is moved 
to and fro at the end of the trough by one at- 
tendant, while another feeds the straw forward, by 


* Letters and papers of the Bath and West of England 
Society, vol. v. 























June 27, 1879.]} 


ENGINEERING. 


535° 





means of a short fork chained to the front standard 
of the implement. In another variety, an endless 
band, extending to the back of the trough, and 
having attached to it a fork, was rolled up gradually 
upon a spindle, carrying a ratchet wheel, which was 
vanced tooth by tooth by means of a lever articu- 
lated to the inclined knife, that was arranged in the 
same manner as in the implement just referred to. 

Another large chaff-cutter is by S. Weetman and 
Son, of Bristol ; this is of a more novel type, havin 
two curved blades bolted to the spokes of a flywhee 
in front of the feed, which consists of two fluted 
rollers, driven by gearing. 

Several cattle food-preparing implements are 
collected. The most pre consists of an open 
rectangular frame, with iron bars arranged triangu- 
larly within the opening, one in advance of the 
other, while a block cut partly to fit the space thus 
formed is fastened to a long lever hinged to the 
side of the frame; by forcing down the lever the 
roots placed on the grid are pressed into slices 
and falls upon the ground. Another is a table, with 
a knife hinged to it; the blade of the knife has a 
number of teeth fastened to it in front, so that the 
roots were cut into cubes at each stroke. A guillo- 
tine root cutter, of very early form, has a number 
of sharp edged studs projecting from the top of the 
fixed face plate, and these serve the same purpose 
when the knife descends. In a fourth a row of 
curved teeth, driven by a hand wheel through 
gearing, revolves in a cage with sharp-edged bars, 
and cuts up the roots at each revolution. Of 
another type is the machine consisting of a large 
box with revolving cutters in the bottom, driven 
round by bevel gearing, the slices falling through 
the opening between the cutters on to the ground. 
Another root cutter has a large disc wheel, with two 
cutting edges set back from the face to leave s 
for the slices to fall through, the roots being fed into 
a hopper at the back of the wheel. 

In winnowing machines, the earliest form shown 
consists of a rude framework carrying a long shaft 
on which a series of radial arms support four cross- 
bars the length of theshaft. To each of these there 
are long, wide strips of sacking, which create a suffi- 
cient blast when the apparatus is revolved, to win- 
now the corn falling from a swinging sieve sus- 

ended by ropes from the front of this primitive 
he. The sketch, Fig. 4, on page 536, illustrates 
one of these implements, and may be taken asa 
type for the rest. Wainnowing machines of a more 
modern type are also collected, but not possessing 
much historical interest. 

THRASHING MACHINES, 

In 1840 the thrashing machine, like almost all the 
other implements of agriculture, was but a crude 
machine, capable only of performing very limited 
and imperfect work. The first efforts in this direc- 
tion appear to have been made about 1711, by 
Hohlfield of Hermerndorf, in Saxony, though 
nothing remains to explain the system he devised ; 
in 1720, in Scotland, by a Mr. Michael Menzies; and 
in England by Jethro Tull. No detailed particulars 
are extant of Menzies’ machine, but its action de- 
pended on the revolution of a series of cams, giving 
motion to as many flails, which thrashed out the corn. 
The Society of Improvers in Scotland saw so much 
merit in this implement, that they appointed a spe- 
cial committee to examine it, and who reported that 
with it one man could do the work of six. Little ap. 
pears to have been done in the matter, however, and 
probably the determined antagonism of hand labour 
prevented Tull from developing his ideas, and it was 
not until 1753 that another Scotch farmer—Michael 
Sterling, of Perth—attempted to employ a modifi- 
cation of a flax-breaking machine for the purposes 
of thrashing. Substantially his arrangement con- 
sisted of a vertical shaft with radial arms or beaters, 
enclosed in a cyliudrical case 8 ft. diameter, and 
3 ft. 6in. high. Sheaves were fed into the top of 
this cylinder, and subjected to the action of the 
rapidly revolving shaft. As may be readily imagined, 
the result was entirely unsatisfactory. 

In 1772, Alderton, of Alnwick, and Smart, of 
Northumberland, invented a thrashing machine in 
which the operation of removing the grain was re- 
moved by rubbing. A grooved drum, 6 ft. in dia- 
meter, was employed, and around its periphery were 
placed a number of small grooved rollers, which 
were held against the face of the drum by springs ; 
the corn was fed in between the rollers and drum, 
and the rolling action set up by the revolution of 
the latter rubbed out the grain. This machine was 
soon abandoned, as it was found that so many 
grains of wheat were crushed in the operation. 








In 1780, W. Winslaw established a factory of 
agricultural implements in Margaret-street, Caven- 
dish-square, London, and amongst other things he 
produced thrashing machines, His first efforts in 
this direction appear to have been a combination 
of studded drums and vertical stampers, something 
after the fashion of a mine stamping machine, the 
corn being fed underneath ; he next tried the use of 
flails, but this plan also did not succeed. The maker 
writes, ‘‘ Although thus disappointed in the dif- 
ferent plans I have stated, yet an eager desire to 
— an undertaking of such public utility, in- 

uced me to persist in my attempt to accomplish a 
machine to answer a better purpose than that of the 
flail, and in this attempt I have succeeded, by com- 
pleting one on the following plan of a conical, 
spiral rubbing mill, for separating the grain of 
wheat or other corn from the heads, Fig. 5, without 





bruising.” The accompanying sketch will serve to 


pace | illustrate Winslaw’s rubbing mill. Asmay have been 


expected it was a failure, although the inventor 
proudly states that it was tried before a large com- 
pany and gave the greatest satisfaction. The quan- 
tity thrashed on this occasion appears to have been 
eight bushels in thirty-two minutes, the ears of the 
grain being first separated from the straw by a 
combing apparatus. It may be mentioned that this 
early maker made and sold large numbers of 
drill ploughs for the price of 8/. A farmer named 
Boys, at Canterbury; appears about the same date 
to have turned his attention to power thrashing, and 
a few years later we find a description in Young’s 
‘‘ Annals of Agriculture,” not quite lucid, but suffi- 
ciently clear to show that the work was done well 
and cheaply. The writer says, ‘‘One of the first 
objects on the farm of Mr. Boys is a thrashing mill 
of his erecting. The mill is put up in the body of 
a barn, from which Mr. Boys added a projecting 
building for the great wheel; that wheel is 12 ft. in 
diameter, has 120 cogs, which work into 22, the 
cogs at the end of the shaft are 87, and work in 14. 
The under of the two cylinders for drawing the corn 
through is of wood, the upper is cast iron ; a wheel 
of 15 cogs work into 33 for turning them. The 
beating or flail wheel, as it may be called, is 5 ft. 
long and 34 ft. diameter to the outside beaters, has 
four beaters or flails fixed to it, and strikes upwards 
1000 strokes a minute. The sloping delivery is of 
deal and fixed, and is found to deliver fast ap a 
by striking upwards ; the straw is carried over the 
beating wheel and falls on to a floor of iattice-work 
for the short broken straw and ears, which are saved 
as chaff, to pass through, This mill was worked by 
four horses, and four men. It was able to thrash 
out 36 quarters of oats in eight hours at the follow- 
ing cost : 





& s. d. 
Seat ae ws ‘ai ae 1 oe 
Repairs, one-halfpenny per quarter of core 
Four horses _ im = ri . 0 8 0 
Four men e eee on eee on 0 6 0 
Two boys ... ae ~<a ove 016 

£1 3°0 


or 73d. per quarter.” 
Going back to the original idea of Menzies, we find 
a patent granted in 1792 to Willoughby, of Bedford, 
for a machine consisting of three sets of flails, 
laced each set on one side of a triangular shaft, 
ed horizontally in a frame. On one end of this 
shaft was a pinion gearing into a spur wheel that 
was driven by a horse gear. The corn was fed to 
the machine by hand upon a grated floor, through 
which the grain fell. The first faint approximation 
to modern systems appears in the patent of Jubb, of 
Lewes (1795), whose arrangement consisted of a 
horizontal feeding trough, along which the corn was 


supplied between two revolving fluted rollers, which 
advanced it to the action of a pair of rapidly re- 
volving beaters that more or less efficiently separated 
the grain, which fell through a hopper into a win- 
nowing machine below, the fan being driven by a 
strap from a pulley on the shaft of the lower beater. 
About the same date Seed an American machine 
by J. Wardropp, of Ampthill, Virginia, was brought 
over to this country, and attracted considerable 
notice. Its arrangement, Fig. 6, which was novel 
and ingenious, was as follows: Enclosed within a 
large frame with grated bottom lay a series of 
parallel bars 12 ft. long, and held in contact with the 
grating each by aspring, the force required to over- 
come which was about 20 lb. Over the ends of the 
bars was along cylinder, around which was arranged 
a spiral cam, and on revolving this cylinder the 
force of the springs was overcome for t of the 
bars at a time, which were raised about 3 ft. high 
and then released, the action of the spring bringing 
them in violent contact with the grating on which 
the grain was laid. In the Journal of the Society 
of Arts of about the same date, reference is made 
to a revolving machine composed of a cylinder with 
flails arranged radially around it. It was driven at 
a high speed by horse power, and the corn to be 
thrashed was placed within the circle operated on 
by the flails, 

John Steedman, of Trentham, patented in 1796 a 
thrashing machine, indicated in the sketch Fig. 7, 
page 537. The horse gear, ne eo by a timber 

raming, was composed of an overhead wheel A about 
15 ft. diameter on a vertical shaft stepped into lower 
and upper bearings, and having two crossbars B to 
to which the horses were attached. Gearing into 
the main wheel was a pinion on a horizontal shaft D, 
the other end of which carried a spur wheel, driving 
acrown wheel F, on the shaft > ¥ which were set a 
number of flails H : these were partly enclosed within 
a shield, and beneath them was a revolving table K 
made to turn by’arope passing round a small pulle 
and over the horizontal shaft of the driving wheel. 
The revolving table on which the corn was thrown 
revolved thrice in a minute, and the grain fell 
out through openings in its floor, the flails were 
driven with a high velocity. 

But ten years before the date last given the 
modern principle of the thrashing machine had been 
discovered, and worked into a practical form by 
Andrew Meikle, of Tyningham, East Lothian. It 
consists of a box with an inclined feeding hopper a 
at the top, and a discharge grating H at the bottom. 
The beaters are of iron C, Fig. 8, fourin number, and 
fixed to the four radial arms on the spindle of the 

inion, which is driven by the spur-wheel. The 

atera revolve within a concave formed of ribbed 
iron plates bolted to a series of parallel curbs D. 
The beaters revolved towards the mouth of the 
hopper, and either beat out the grain at once, or 
rubbed it out against the concave. The concave 
was about 3 ft. diameter, and 2ft. 6in. long, This 
machine, which was worked by two horses, appears 
to have done admirable work for the time, as it 
thrashed out about 13 bushels an bour. The dis- 
-_ between the concave and drum was adjust- 
able. 

The patent of Wiffull, of Lynn, 1795, provides 
for the use of a number of short pieces of chain 
attached round the drum, and to which the beaters 
were secured ; it was supposed that the centrifugal 
action set up would facilitate the action of thrashing. 
The grain was fed upon an endless travelling band, 
and was carried off toa fan. There appears to have 
been machines made on this principle ; mention of 
one is made which was worked by six horses, and 
thrashed about 30 een of grain a day. 

William Tunstall, of Nidd, Yorkshire, patented 
a portable thrashing machine in November, 1799, 
which is shown in the drawing, Fig. 9, page 536. 
It had a pelygosel drum with nine beaters disposed 
around it. In the patent specification this drum 
is styled an Eannogon, and the beaters were styled 
frictors. A concave was placed beneath the lower 

ortion of the drum and was formed of wooden 
fastened into curved frames; the distance be- 
tween the drum and the concave was varied accord- 
ing to the nature of the grain to be thrashed, pack- 
ing strips marked 4 in the drawing ofyarying depths 
being introduced for this purpose; the grain was 
fed in between fluted rollers iu the ordinary way, 
and the corn thrashed out fell through the concave 
on to the sieve marked 14, while the straw passed 
on renee a Gene S 

to allow an on 
the platform below. A defile was fixed at the 
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upper part of the machine above the tail-board to 
throw back any straw that might be forced out by 
the drum. 

In 1804, T. Noon, of Burton-on-Trent, patented 
a thrashing machine in which the corn was fed in be- 
tween rollers to a drum with fixed beaters revolving 
inside a fluted concave; the speed of the drum was 
generally 100 revolutions a minute, but it is speci- 
tied that this could be altered by means of change 
wheels. Naturally, as the prejudice against the use 
of machines in place of flails diminished, the demand 
for the former increased ; but in the first quarter of 
the present century only about twenty-five were 
applied for. 

About eighty years ago a manufactory existed 
in Clement’s-lane, near Lincoln’s Inn Fields, for 
thrashing machines and agricultural implements. 
‘These machines, however, could not have had much 
merit, as their capacity appears to have been only 
some three quarters of, wheat a day. Christopher 
Perkins, of ttockton, made thrashing machines in 
considerable numbers in 1800-4; his implements 
were apparently compact and portable, since they 
could be carried with the horse gear in a wagon. 
His machines are stated to have thrashed out 240 
sheaves an hour; and the farmers from all parts 
of the country flocked to him. In a quaint letter, 
dated September 27, 1804, Mr. Perkins expresses 
his desire of starting thrashing machine factories in 
different parts of England about 100 miles apart, as 
‘no purchaser would think it a hardship to send 
his wagon or cart fifty miles.” Did space permit, 
we might follow up this investigation almost year 
by year, and trace out the gradual development up 
to the comparatively perfect machine of Lord Ducie, 
but we have said enough to indicate that at the 
close of the century, not only were makers of 
machines driving a profitable business, but farmers 
appreviated the utility of power thrashing, and 
found a great economy, although the performance 
was comparatively small, and labourers’ wages at 
that time were very low. Steam power was early 
fitted to these machines, probably the first instance 
was at the farm of J. Jasper, of Stableford, where in 
1804 R. Trevithick erected one of his high-pressure 
single-acting engines for driving a thrashing ma- 


chine. This engine was very similar in arrangement 
to that exhibited by the Royal Society at Kilburn, 
and which was put up at Probus in 1811. A full 


account of this engine will be found on another 
age. It was built for thrashing, and the only 
illustration, from the original drawings, shows it 
driving a thrashing machine with drum and fixed 
beaters, enclosed in a concave. Probably this ma- 
chine was built by Rastrick. 

In 1810 the gold medal was awarded by the So. 
ciety of Arts to Henry Lee, of Maidenhead Thicket, 
for a thrashing machine, One form of this machine 
is shown in Fig. 10, and drawings and a description 
of it were published in a treatise on mechanics by 
Olinthus Gregory, who describes it as having been 
driven by a large horizontal spur-wheel with 276 
teeth, which drove a pinion of 14 teeth; the latter 
was on the same shaft as a crown-wheel having 84 
teeth, which ory into a pinion of 16 teeth; this 

inion turned the thrashing drum, which was of 
ramed timber 42 in. wide, and placed horizontally. 


Table of the Power of Thrashing Machines. 
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Upon its periphery were mounted four w: oden beat2rs 

f.ced with iron, around the drum was placed a con- 


cave rack with open parallel bars, through which 
the corn fell into a hopper beneath, and where it 
was subjected to the action of a fan to remove the 
chaff; a revolving rake with four radial arms also 





fourth to feed in the corn, a fifth to screen it as it 
issues from the machine, and a sixth to remove the 
straw. A thrasher of this description, including the 
horse-gear, cost 70/.; with water power substituted 


worked in the concave, and removed the straw 
broken up by the drum ; the corn was fed down an 
inclined between two fluted rollers 3}in. in 
diameter, and driven at the speed of 35 revolutions 
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Fic. 6. WaARDROPP’S THRASHING MACHINE. 









































20 























L ves ' 


Fie. 9. TUNSTALL’S THRASHING MACHINE. 








Fie. 8. Merrxninr’s THRASHING MACHINE. 
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performance of the thrashing machine about his 
time. He says, “ With respect to the quantity of 
corn which a machine will in a given time, it 
is not easy to give any precise information ; the most 
important we have i met with is given by Mr. 
Fenwick, who found from numerous experiments 
that a power capable of raising a weight of a 1000 Ib. 
with a uniform velocity of 15 ft. per minute, will 
thrash two bolls (eight bushels) o 
wheat in an hour, and that a power 
sufficient to raise the same weight, 
with a velocity of 22 ft. per minute, 
will thrash three bolls of the same 
grain in an hour. From these facts 
this gentleman has computed the 
Table on the opposite page, which is 
applicable to machines that aredriven 
either by horses or water. 

“ The first four columns of this 
Table contains different quantities 
of impelling power, and the last 
two exhibit the number of. bolls 
of wheat in Winchester measure, 
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the buckets of an overshot water wheel of 15 ft. 
in diameter during a minute will thrash the same 
quantity of grain.” 

John Onions of Broseley, Salo 
thrasher in May, 1810, illustra . 11; it 
was proneely of iron. A frame a carried a spur- 
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Fie. 11. Ontons’s THRASHING MACHINE. 
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drum was polygonal and composed of three cast- 
iron fume eet % equal distances apart upon the 
axis, and carrying eleven beaters. the concave was 
formed of iron bars of square section, set between 
the two quadrants ofthe main frames, From the 


RANSOME’S THRASHING MACHINE. 








end of the concave an inclined riddle m, made of 
wire passed down to the ground, and immediately 
above it was a hinged door m to prevent the i 
rege ay re. about ; — was given to the , song 
y the large spur-wheel g gearing into the pinion 
on the drum shaft, : r . 
_ {Improvements in the construction of the thrash- 
ing machine appear to have advanced but slowly, 
and we find the standard Scotch thrasher in 1825 
or 1830, having the same characteristics as that of 
Andrew Meikle’s designed so many years before. 

A noteworthy invention was that of S. Turner, of 
New York, 1831, who devised the pegged drum and 
concave, which has received so wide an application on 
the Continent. The Highland Society, the Bath and 
West of England Society, and the Society of Arts, en- 
couraged invention in this direction by the awarding 
of medals and premiums, and the accumulated pro- 
gress in this direction in 1843 had resulted in a ma- 
chine, of which the following is a brief description. As 
arule the thrashing machine of 1843 could be mounted 
on a two-wheeled carriage for easy transportation. 
There was space on the platform for the horse gear 
driven by from two to four horses. The implement 
consisted only of the drum and concave, the feeding 
boards, and the gearing by which motion was given. 
It was, in fact, much such a machine as is now very 
largely used on the Continent. The beaters were 
arranged around the drum, with their cutting faces 
fixed radially, and the concave was made up of bars, 
spaced some distance apart, the spaces being filled 
in with fine wire netting. Thespace between drum 
and beaters could be adjusted by means of screws. 
The feeding board was set at an angle of 30 deg., 
and the straw, after passing through, was deposited 
on a riddle below, where the grain, carried over with 
it, was separated by hand. The greater part of the 
grain passed through the meshes of the concave. 
In the so-called ‘‘ Scotch machine,” of about the 
same date, a pair of fluted feeding rollers passed the 
grain over a drum, which led it within the range of 
the beater, a drum with four radial arms, to the 
ends of which were hung a series of short flail- 
like beaters, This drum worked over a curved and 
perforated concave, and after passing the first, the 
grain came in contact with a second and somewhat 
similar drum, beneath which the concave extended ; 
the corn beaten out fell through the perforations in 
the concave intoa suitable receiver. But in isolated 
cases the thrashing machine had at this time re- 
ceived a much greater development. In one of the 
reports (about 1840) of Lord Ducie’s model farm at 

hitfield, a very interesting account is given of the 
mechanical appliances for thrashing then in use. 
The machine was driven by a six-horse engine, and 
a light railway was laid between the stackyards and 
the barn. Upon this line the grain was brought in 
trucks, and the sheaves were thrown separately into 
the buckets of an elevator, which raised them to the 
feeding platform, the lower end of which was parallel 
with the top of the drum. This latter was 18 in. in 
diameter, of light sheet iron attached to a cast-iron 
body, and the beaters of angle iron, bolted to it, 
were jin. deep. The concave, extending around about 
one-third the circumference of the drum, was formed of 
a number of square bars set with their angles facing 
the drum, This concave was set with a clearance 
from the beaters of only }in.; but it was held up in 
place by spiral springs, which would yield in case of 
necessity. An interesting feature in this machine 
was the shaker bars. They were thirty in number, 
and fixed in two sets to frames actuated by cranks 
below. Excepting that they were much more nu- 
merous than the shakers now used, they were 
mounted in a similar manner, and served the same 
purpose. This was probably one of the earliest, if 
not the earliest of their applications, The grain 
which had passed off with the straw was thrown 
down between the shakers on to a receiver, bein 
exposed to the action of the blast as it fell, and all 
the light grain, &c., thrown out by the blast was 
taken up to the feeding-board ame by an elevator, 
and passed a second time through the drum. Finally 
the corn was again winnowed, and raised by another 
elevator into a hopper, whence it was taken off in 
sacks. 

The machine patented by Messrs. Ransome and Co. 
in 1843, and shown intheannexed engravings, Fig. 12, 
was a fair type of the standard implementof that time, 
and shows the arrangement of horse gear as well as 
of the thrasher. The drawings give a side elevation 
of this mounted upon wheels for travelling, and 
an end elevation of the same. A is a toothed 
ring, fastened to a bedplate B, and D D are sockets 
attached to A, in which are screwed the shafts for 
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the horses. This wheel drives the pinion E mounted 
on a horizontal shaft, and upon the same shaft is 
a spur wheel F driving the pinion G; a friction 
roller I at the other end of the horizontal shaft 
resses against a of the ring A, and prevents 
it from rising. e shaft driven by the pinion G 
is connected by two universal couplings to the 
ur wheel of the thrashing machine. is wheel 
drives a pinion N on the axis of the drum O, 
which is armed with spiral beaters as shown, the 
concave P has also spiral bars. An endless sieve 
driven by the roller R R serves as a receptacle for 
the corn and straw driven from the drum, and a 
vibrating motion is given to this sieve by means 
of a er T, 

The first combined thrashing machine manufac- 
tured by Messrs. Tuxford is shown in Fig. 13; it 
was sent out on July 31, 1844, to George Holland, 
Esq., of Carrington House, about seven miles from 
Boston, and consisted of an ordin thrashing 
drum with concave screen and feeding rollers, 
and revolving shakers driven by gear, the first 
of which delivered the straw to the second, and 
thence to the end of the machine. A blower 
was fixed at the bottom front end of the ma- 
chine, and the corn was delivered on to a shoe 
and riddles forming the dressing eek the frame 
was duly carried upon travelling wheels, and when 
tried the machine was found to work in a very 
steady and satisfactory manner producing a very 
creditable and clean sample. 

An example of a primitive thrashing machine 
.is to be found at the Kilburn Museum, in 
the combined thrashing and straw-breaking im- 
plement sent from Cyprus, where it is in ordi- 
nary use, Itis shown in the annexed sketch, Fig. 14, 
and is formed of a large and heavy board, to one 
end of which is connected a second of the same 
width but shorter, and inclined. Across this in- 
clined board is a bar through a hole in which pass 
the ropes to which the bullocks employed are har- 
nessed. In the face of the large board are embedded 
a number of rows of very sharp-edged triangular 
flints, so set that they all lie in the same direction, 
When used, the corn is spread out upon the hard clay 
floor of the thrashing ground, bullocks are harnessed 
to the block, which is then drawn over the grain, with 
the flints downward. To add weight and give irre- 
gular motion to the board a man jumps up and down 
upon it as it goes over the corn. The result of the 
operation is that the corn is thrashed and the straw 
cut and bruised for fodder in a very short time. 


REAPING MACHINES, 

The substitution of mechanical means for the 
costly and tedious process of hand labour to gather 
crops, very early engaged the attention of agricul- 
turists and their advisers. As may be expected the 
Romans tried something in this direction, and 
that industrious recorder the elder Pliny (50 A.p.) 
chronicled the means employed. They were very 
primitive, consisting only of a row of sharp-pointed 
teeth fastened horizontally on the rear of a wagon 
pushed through the field by an ox. Such of the 
ears as were high enough were caught between the 
teeth, torn off, and raked into the wagon by the 
attendant. Besides being very wasteful, this 





method destroyed the straw, which was crushed by 
the wagon and the animal in passing over it. Never- 
theless this method remained in use for more: than 
300 years, since Palladius (391 A.D.) describes a 
similar arrangement, 

In the admirable and now unfortunately very 
scarce ‘ Appendix to the Englisi Patent Specifica- 
tions of Reaping Machines,” by the late Bennett 
Woodcroft, we find collected a mass of historical 
information, and from this and other sources, we 
have gathered the hasty and doubtless imperfect 
sketch of their development. In 1780 the Society 
for the Encouragement of Arts, Manufactures, and 
Commerce offered a premium of 30/., or the gold 
medal, for the best machine for mowing or reaping 
cereals; the conditions imposed being that it should 
do its work cheaper and more expeditiously than 
could be performed by band, that it should not beat 
cut the grain, and that the crop should be laid in a 





‘manner convenient for binding. Such conditions as 
these were not fulfilled for nearly half a century 
later, when Patrick Bell constructed his machine in 
1826. Concerning this offer of the Society of Arts, 
we finda letter in Arthur Young’s “ Annals of 
Agriculture,” written by Capel Lofft, of Bury, con- 
taining the suggestion that the contrivance described 
by Pliny and Palladius fulfilled the prescribed 
conditions more nearly than it was probable any new 
machine could do, and that the award should be 
given for an apparatus of that kind, In the same 





belt passing over the horizontal pulley before men- 
tioned. As the implement is pushed along the field 
the corn is cut and falls upon the advanced 
platform marked s, to be swept on one side by the 
arm # revolving on the same spindle as the cutting 
disc. This machine was claimed to cut a swathe 
2 ft. wide, and to do as much work as six men. 
There are no records, however, of its having worked. 
The first patent for reapers was taken out by Joseph 
Boyce, in July, 1799. He proposed to attach radially 
to a vertical shaft a number of reaping hooks ; one 





Fie. 18. Tuxrorp’s THRASHING MACHINE, 1844. 
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Fig. 14. Cyprus THRASHING MACHINE AT KILBURN. 


work (1787) appears probably a drawing of the 
first reaper of modern times. This was designed 
by W. Pitt, of Pendeford, and was an elaboration, 
the constructor states, of the classic implement. It is 
shown in Figs, 15 and 16, page 544, and consisted of a 
toothed cylinder G, driven through the gearing F and 

ulley D of the axle of the wagon, the drum G revolv- 
ing twice as fast as the pulley B. As it advanced the 
teeth on the cylinder tore off the ears and threw 
them into the small receiver H, whence it was trans- 
ferred into the wagon H. When the latter was 
filled, the horse, which had previously pushed, now 
was turned in the shafts to draw the loaded machine 
from the field. In the same publication (1793) we 
find this announcement: ‘“‘ Mr. Edmund Cartwright, 
of Doncaster, takes this method of acquainting the 
public that he has invented machinery for reaping 
or mowing corn, grass, &c., by means of which one 
horse and a driver will cut down eight acres of 
standing cornin a day.” Mr. Cartwright proceeds 
to say that his machine will be sold for the sum of 
twenty guineas, and that the efficiency was to be 
guaranteed by a committee appointed by the Board 
of Agriculture. No description of the machine is 
extant, nor does it appear to have ever done any 
useful work, In ‘“‘ A System of Familiar Philosophy 
in Twelve Lectures,” published in 1799 by a Mr. A. 
Walker, is an illustrated description of a reaping 
machine, of which the Fig. 17 is a sketch. It has 
alight frame on two wheels, pushed by a horse, and on 
the axle is a crown wheel driving a pinion and large 
pulley lying horizontally between the wheels in an 
iron casing, shown in dotted lines, and projecting far 
beyond the front of the vehicle. The ends of this 
frame are cut in serrations, and the largest of these 
is provided with a small wheel, which serves to sup- 
port the machine in front. Immediately above this 
serrated plate is a disc armed with a number of 
cutting blades, and motion is given to it by a crossed 





or more of these shafts were to be attached to a cart, 
and caused to revolve by the onward motion. 
Wings or guides of plate iron were added to bring 
the corn to the knives, and the height and position 
of the spindles could be regulated. Robert Meares, 
of Frome, Somersetshire, obtained a patent in 1800. 
His idea was the primitive one of a large pair of 
shears, Fig. 18, mounted on a pair of rollers, and pro- 
vided with long handles, On the shear blades were 
fixed light bars to hold at each stroke the corn cut off, 
which by tipping the shears could then be laid in 
regular swathes. I. J. Plucknett, of Deptford, filed 
a specification on the 15th of June, 1805, but did 
not complete it. He obtained a second one, how- 
ever, in August of the same year. This is illustrated 
by Fig. 19. It was a frame mounted on two 
wheels pushed bythe horse. Bevel and spur gearing 
transmitted motion to a horizontal cutting disc placed 
near the ground, and side wings guided the corn as 
the machine advanced to the sh edge of the 
cutter. No means were provided for laying the 
corn properly. Gladstone’s machine, Figs. 20 and 21, 
brought out in 1806, appears to have attracted consi- 
derable attention. The ‘“‘ Edinburgh Encyclopedia” 
devotes large space to its description, and illustrates 
it very fully. It isa very ingenious though complicated 
contrivance, and will be understood from the draw- 
ings we publish, which are interesting as combining 
ina crude form several ideas that have been developed 
into leading features of the modern implement. To 
begin with, it was the first machine drawn and not 
pushed, the cutting mechanism was to one side, and 
not coincident with the line of draught, it was pro- 
vided with rakes, and had an automatic sharpening 
arrangement for the cutter disc. The figures show 
the arrangement of frame and the handles gg at 
the rear for altering the height of cut. Motion was 
of course given through the bearing wheels by the 
gearing D and E to bevel wheels F, H, and M. the 
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latter on the top of a vertical spindle, to the lower 
end of which the cutting disc K was fixed. This 
disc worked immediately below a circular finger- 
board, which entered and held the corn till it was 
cut and passed to one side by the adjustable rake 
Q secured to the revolving flyboard P. This latter 
was actuated by the crown wheel O, moved by a 
pinion and pitched chain passing over the pulley 
G on the second motion shaft. The speed of rota- 
tion of the fly was of course slow, and regulated so 
as to allow the rake to sweep off the cut corn held 
on the finger-board. On reaching a certain point at 
the side of the machine the rake fall back and released 
the corn. The sharpening arrangement consisted 
of two small discs parallel to each other, and set at 
such a distance apart as to admit the edge of the 
cutter. Arapidmotion was given to them by means of 
the pulley C on top of the spindle L, and the driving 
rope ~—s over a small wheel on the top of the 
spindle to which the sharpening discs were attached. 
The writer in the Encylopedia just mentioned de- 
scribes them as follows: “aa are small circular 
pieces of wood coated with something that has a 
tendency to make iron sharp; but the name thereof 
I have forgotten.” It appears that the machine was 
made several years prior to 1806, and the Highland 
Society, who at first were disposed to take the matter 
up warmly, subsequently lost interest, and nothing 
more would in all probability have been heard of it, 
had not Sir Edward Crofton, on seeing the model, 
ordered one to be built for himself, Mr. Plucknett, 
already mentioned as an inventor in this direction, 
made two implements about 1806. Fig. 22 shows 
one published in 1807 in the “ Farmer’s 
Dictionary.” It consisted of a horizontal cutter 
with a number of hook-like projections driven by a 
band from a pulley put into rapid motion through 
gearing on the axle of the vehicle. A horse drew 
this implement, which was guided by a man behind, 
A curved guide plate was introduced to aid in laying 
the corn evenly when cut, Plucknett’s other ma- 
chine, for cutting clover, is thus described in the 
‘‘ London Journal of Agriculture.” “It is a machine 
(Fig. 22a) for reaping the heads or seed-pods of 
clover when the second growth of that crop is left 
to stand for seed, and has been used in some parts 
of Norfolk and Suffolk. It consisted of a comb, the 
teeth of which were lance-shaped, very sharp, and set 
close. This comb was affixed horizontally to the fore 
part of the bottom of an open barrow or box, which 
was drawn by one horse, and is guided by a man who 
empties the barrow in regular lines across the field 
by means of an implement which also serves to clean 
the teeth. 

A reaping machine, designed by Mr. Salmon, of 
Woburn, is also shown in the ‘‘ Farmer's Dictionary,” 
and is represented by Fig. 23. 

Up to and during 1811 four patents for reapers 
had been applied for in the United States, re- 
spectively by Hawkins, of New Jersey (1803), 
Adams (1805), Comfort, of Pennsylvania (1811), 
and Claiborne, of Virginia (1811). No information 
is extant of the arrangement of these machines. 
The year 1811 alsosaw two new machines in the 
harvest fields of this country. They are so alike in 
principle that there is little doubt that one was 
copied from the other, and a violent discussion as to 
priority resulted, Fig. 24 shows the implement of 
Smith, of Deanston. It was pushed by two horses 
attached to a long shaft, at the opposite end of 
which was the reaping apparatus. In the middle of 
its length the shaft was supported by the two carry- 
ing wheels. The sketch shows clearly the mode of 
transmitting motion to the cutting disc which was 
on the bottom of the vertical shaft. It consisted of 
a wheel with six steel segments bolted to it. Re- 
volving with this disc was a large cone built of some 
light material, and having attached to the outside 
parallel pieces of rope 4in. apart. The object of these 
was to createsuflicientfriction againsttheiron to carry 
the latter to one side, and lay it as shown in the 
sketch. It will be seen that this machine possessed 
some merit, and showed a great deal of original 
ingenuity. On trial it cut one acre per hour, and 
the cutters required sharpening four times. The 
selling price of the machine was about 40/. It was 
shown in the autumn of 1812 before the Dalkeith 
Farming Society, whose report was very favourable, 
except as regards the regularity of laying, and for 
the next two years it came under trial. In 1815 a 
committee of the Highland Society reported on it 
most favourably, and that body presented Mr. 
Smith with a fifty guinea testimonial. This ma 
chine is still in regular use on the farm of Mr, 
McQueen, near Stirling. 





Kerr's machine was so similar as not to require 
illustration. The chief difference lay in the fact 
that within the cone and cutter he 7? the pair of 
bearing wheels, and so reduced the length of the 
machine, and simplified the mechanism. Mr. Kerr 
was a mathematical instrument maker of Edinburgh, 
and he constructed the first model of his implement 
in 1810-11. A large machine was tried the following 
harvest (1811), and he received two premiums of 
twenty guineas from the Highland Society. For 
some reason or other this implement gave far more 
satisfactory results thanthan of Smith. D. Cumming, 
of Whitefield, Northumberland, obtained a patent 
for a reaper also in 1811, and Mr. Woodcroft has 
not recorded any more inventions until 1814, when an 
actor named Dobbs filed a specification and made 
an implement, which was shown on the stage of the 
Birmingham Theatre on Friday, 14th of October, 
1814. On this occasion an artificial field of wheat 
was planted on the stage, just as Patrick Bell 
planted his first cornfield in his father’s barn. 
Probably Dobbs’ machine subsided into a theatrical 
property, since it does not seem to have made any 
other public appearance. In 1815 Mr. Levit, of 
Ormiston, called public attention to a reaping im- 
plement he had constructed, and which is very fully 
described and illustrated in the ‘‘ Edinburgh En- 
cyclopedia.” It bears a very strong resemblance to 
the Gladstone machine, but the cutters consisted of 
a series of reaping hooks arranged on a horizontal 
ring, and provided with a complication of springs 
and joints to throw them in and out of work. A 
ring with fixed fingers was placed underneath the 
cutter, and the driving wheels were placed within 
the ring, motion being transmitted through a series 
of gearing. This machine made its appearance 
several times in the harvest field, but failed signally. 
About the same time Mr, Gladstone introduced some 
modifications into the reaper patented by him in 
1806. 

Another gap of four years now occurs, when Mr. 
Mann invented a machine, Fig. 25, in 1820, butit re- 
mained only as a model subject to frequent modifica- 
tions till 1832, so that it properly takes its place at a 
much later date, and after other and more important 
machines had been brought out. In the fifth volume 
of the ‘* Mechanics’ Magazine” is} published a letter 
and a sketch by H. Ogle, of Alnwick, of a machine 
he devised in 1822, and which he claims did good 
work, though it is difficult to see how it could have 
done so. Fig. 26 is a plan of thisimplement. The 
carrying wheels aa were studded inside as shown, 
and a forked oscillating rod y joined to the frame at 
m received a vibratory motion when the machine 
advanced, and which was imparted to a knife bar E, 
which worked against a finger bar D. In front of 
this was a small circular rake or hoe, F, driven from 
the pulleys on its own and the main shaft. This 
fed the corn to the knife bar, after which it fell over 
to the grain board G, which when full was tipped 
by the lever H. This instrument is interesting as 
showing the combination for the first time of a 
vibrating knife and a tipping grain board, In 1822 
Jeremiah Bailey, of Chester County, patented a 
machine shown in Fig. 27, but which, as will be 
seen, was a resuscitation of an arrangement already 
old and recognised as useless in this country. It is 
interesting, however, as probably the first illustra- 
tion of an American reaper. ‘Three other American 
patents may also be recorded here: those of Wads- 
worth, Portsmouth, Rhode Island (1822), Hope, 
Chester County, Pa. (1825), and Ten Eyck, New 
Jersey (1825). None of these had any importance. 

The practical and modern history of the reaper 
commences in the following year (1826) with the 
invention of the Reverend Patrick Bell. The 
original implement he constructed, which is now one 
of the valued mechanical relics of the country, is 
preserved in the Patent Museum at Kensington, 
whence it has been removed, and forms one of the 
most attractive objects in the Museum ofj Agricul- 
tural Implements at Kilburn. The history of this 
implement is so interesting that we regret we can- 
not give it in the words of the inventor himself in 
the paper he read before the Highland Society 
in 1852. In this paper he communicated the history 
of the difficulties he encountered, the many and dis- 
couraging failures which led to his ultimate success, 
and finally the details of that success. Of especial 
interest is that portion of his paper in which he 
narrates the first trial he made with the machine. 
He said, ‘‘ By dint of patient application I got the 
whole into a sufficiently perfect state, as I thought, 
for trial. It may amuse you, perhaps, if I give you 
some account of the first field I cut. That you may 


understand this, imagine an empty outhouse, rather 
long and narrow, having in one end a wright’s bench, 
and in the other a rude-looking piece of mechanism, 
an embryo reaping machine. For my subsequent 
operations I chose a quiet day—that is, a day when 
there were few people about the place. On that 
day an mapas. 1d might have seen me busily but 
stealthily engaged in conveying earth in a common 
wheelbarrow into the workshop. When the place 
between the bench and the rude but ambitious can- 
didate for the honours of the harvest field was 
covered to the depth of some 6in., I proceeded to 
compress the loose mould with my feet. I next 
went to an old stack that happened to be in the 
barnyard, and drawing a sheaf of oats out of it, and 
carrying it to the workshop, I planted it stalk by 
stalk at about the same thickness which I knew it 
would have grown in the field. This done, I shut 
and barred the door, and then going behind the ma- 
chine, I pushed it forward with all my might through 
my planted oats. As soon asI recovered my breath, 
I anxiously examined how the work had been done. 
I found that it had been all very well cut, but it 
was lying higgledy-piggledy, in such a mess a8 would 
have utterly disgraced me in the harvest-field. Upon 
the whole, however, I was not discouraged, but 
rather encouraged by this first experiment. The 
cutting was perfect, and that was the great point I 
then aimedat. Although by this experiment I had 

roved my new invention to be a cutting-machine, 
it certainly little deserved to be dignified with the 
name of a reaping-machine, and yet it was a reap- 
ing machine I had set my heart upon constructing. 
Had I at this stage been content to summon a man 
with a rake to do the work of wheels and pinions, 
my machine was complete; and, had I been con- 
tented with a combination, I would have saved my- 
self a host of trouble, and what to me at the time 
was no small expenditure of money. My workshop 
was again speedily cleared of earth and loam, and 
made ready for the jack-plane and piles, I pro- 
ceeded forthwith to put the canvas in order, One 
might naturally suppose that this would be an easy 
matter, but I did not find itso. After the rollers 
were put in position, the wheels for driving them 
adjusted, and the canvas stretched and fixed upon 
the rollers the proper tightness, I conceived in my 
simplicity that the work was done, and my object 
secured, ‘The result was otherwise ; for, on pushing 
the machine forward only the length of the house, 
I found that it twisted, and would have been torn 
in pieces if it had proceeded many yards forward. . 
I proceeded now to make grooves at the ends of the 
rollers, in which I placed a small rope. To these 
ropes, one at the top and the other.at the bottom 
of the rollers, I sewed the canvas, expecting that 
the ropes and canvas would move together in uni- 
formity, and that my object would thus be obtained ; 
but, upon trial, I was a second time disappointed. 
The ropes, from inequality in the grooves, moved 
irregularly, and the canvas became twisted as 
before. For atime I was nonplussed and dispirited 
but, plucking up courage, and ruminating over 
mechanical appliances, I thought of the pitched 
chains. Having made some 6in. of such a chain 
out of a piece of old hoop iron, I sent the same as 
a pattern to the blacksmith, with an order to make 
for me so many feet of chain like the model sent. 
Having received the chains, and put them in their 
places, the canvas was speedily attached, and a third 
trial was prepared for to meet the third alteration 
of its construction which had now been made, ‘The 
wheelbarrow was again in requisition, and another 
visit made to the old stack in the barn yard, and 
the process of dibbling another sheaf gone through, 
The door was again shut, and palpitating with ex- 
pectation, I pushed the machine forward. To my 
unspeakable satisfaction the oats were not only 
nicely cut, but were lying almost unanimously by 
the side of the machine in one even continuous row, 
as I had confidently expected.” Bell’s machine is 
illustrated in Fig. 28. It is carried on four wheels 
BB, CC. The former are 42in. in diameter and 
6 in. wide with iron naves, and the rings are hooped 
with iron ; the smaller wheels are of wood 14in. in 
diameter and 6 in. wide,their axles, 1} in. in diameter, 
are screwed to the frame. The wheels B B are 
loose on the axle, but can be fixed to it when desired, 
Flanges are cast on the naves of the wheels which 
engage in the coupling E, when the machine is at 
work, and are thrown out of gear by the lever F, 
which is articulated to other levers passing across 
the machine and terminating at H. The frame is 
of timber 7 ft. long by 4 ft. wide, and the main axle 





is 42 in. long between the collars and Sin, from thence 
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to the coupling. On the axle is fixed a bevel wheel 
I with 60 teeth, which drives two pinions of 10 
teeth each. One of the pinions drives the crank 
rod K, and the other the bevel wheels L on the top 
of the frame. The bar moving the cutter is shown 
at M, and is connected to the crank K; the con- 
nexion between this bar M and the moving bar D is 
by means of the iron strap N fixed to both, the 
weight of O is taken off by means of friction rollers 
running on the frame R. The cutters are made of 
iron edged with hardened steel, and the bar on 
which they are screwed is 6 ft. long, 3 in. wide, and 
fin. thick. The lower fixed cutters are of iron 
edged with steel, triangular, and 15 in. long, 4in. 
wide at the bar, and 4 in. thick; they are shown at 
SS. Theseare screwed to the cutter bar, and held 
in place further, each by two pins fitting into holes 
in the bar. The upper cutters V V are also of irou 
with steel edges. They are about 2] in. long over 
all, and are bent down to a depth of 2 in., as shown, 
after which they are again bent upwards and fastened 
to the movable bar. Both edges of the fixed and 
moving cutters are sharpened. The distance apart 
of the cutters from point to pointis 6 in. There are 
in all twelve movable cutters and thirteen fixed 





ones, making a cutting width of 6 ft. Between the 
main frame of the machine and the cutter is an in- 
clined frame a a Y Z, composed of two rollers Y Z, 
and two endless chains aa. The lower of these 
chains runs in the trough formed by the bent cutters 
already mentioned. otion is given to the rollers 
and chains by means of the gearing W, X, and L. 
The wheel W has 36 teeth and Y 18 teeth. The 
upper ends of the rollers are supported in brackets 
attached to the main frame and the lower end in 
the bar T T. Fastened to the chain is an endless 
canvas apron, which moves continuously when the 
machine is in operation. Over the cutters and 
slightly in advance of them is a reel Z, 2 ft. 6 in. in 
diameter, carried on a light framing, and caused to 
rotate by means of a cord passing over the pry’ n 
and thence to the pulley m placed in the end of the 
shaft V, which carries the gearing for driving the 
endlessapron. The height of this reel can be varied 
to suit the crop by means of theslide 00. The 
arrangement adopted to enable the machine to turn 
at the headlands is as follows: Within the frame are 
two small wheels ¢¢, on the axle of which is a vertical 
stem carrying a toothed segment. When it is de- 
sired to turn the machine, the lever 4 is used to 





turn a wheel gearing into the segment, and the lever 
to depressthe wheels ¢e, untilthe wheels C C are 
lifted from the ground, This being done the ma- 
chine turns easily. Very few changes have been made 
in the original machine since it was first constructed, 
the most important being the substitution of a wheel 
with a grooved cam path for the bevel gearing todrive 
the crankshaft. One of the great difficulties Bell 
encountered in his work was withthe endless canvas 
apron which received the corn from the cutters, and 
passed it over to one side; but having removed 
these difficulties it was found that this es 
answered its purpose admirably. After working at 
this implement for two years it was completed in 
1828, but the harvest of that year passed with only 
a few experiments being e with it, and before 
the next season it was considerably strengthened 
and adapted for two horses, which, it will be re- 
membered, pushed, and did not draw the machine. 
In 1829 it was exhibited on the farm at Greytown, 
in the parish of Monikie, and attracted so much 
attention that several local blacksmiths attempted to 
make copies, with the very natural result of failure 
and discredit to the original, Four or five such were 
made very rapidly, but owing to bad workmanshi 
they constantly broke down. Meanwhile Mr. Bell, 
who appears to have been one of the most broad- 
minded of inventors, allowed every one who desired, 
to have access to the implement for the purpose of 
copying it, and eighteen more were produced. It 
is needless to remark that Mr. Bell not patented 
the invention, although Lord Panmure, who took 
very great interest in it, offered to defray all the at- 
tendant expenses. At the request of two of his 
patrons Mr, Bell sent the machine early in 1828 to 
the East Foundry at Dundee, to serve asa model for 
acomplete and well-executed machine, This, how- 
ever, like the others, turned out to be a failure, but it 
was exhibited at the Highland Society’s show at 
Glasgow in 1828. In the course of the paper re- 
ferred to, Mr. Bell said, ‘“‘ For twenty years and up- 
wards the history of the implement can be given in a 
few sentences, ‘Those who ordered machines on 
their own account, from the causes above indicated, 
were generally disappoiuted, They were more or 
less successful according to the workmanship of the 
implement, and the measure of common sense dis- 
layed in workingit, They had all the same fault. 
They were too weak, ill-made, and were continually 
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breaking. I {can state however that the most 
complete success attended the one of which I took 
charge. For thirteen successive seasons the whole 
crop on my father’s farm was reaped by it in a very 
satisfactory manner. ... When my father grew 
old, and relinquished his small farm the machine 
was taken to Inchmichael. It was afterwards put 
by my brother in a thorough state of repair for the 

ighland Society’s show in 1852. It passed off then 
for an improved machine. In reality the only 
alterations introduced were the serpent or zig-zag 
wheel, and the bar connected with it for working 
the cutters. I state precisely that from the first 
night on which it was started up to August, 1852, 
when it was exhibited at Perth, no one has invented 
or added a single alteration or improvement upon 
the implement but myself.” 

It is worthy of note that a Bell was sent 
to America in 1835 under the following circum- 
stances. In the winter of 1833 Mr. Bell was 
weather bound at an hotel at Ni Falls. While 
there he made the acquaintance of a Mr. Yeates, an 
American capitalist and farmer. The reaping ma- 
chine was talked of, and at the request of Mr. 
Yeates, Mr. Bell ordered a machine to be made by 
Mr. P. Gibson, of Dundee, and sent to the United 
States, It arrived late in 1834, but was put to work 
during the harvest of 1835, by Mr. Bell himself. 
The machine did good work, and attracted very 
much attention, 

To Bell undoubtedly belongs the credit of first 
designing and making an efficient reaping machine, 
for although many in this country and several on 
the other side of the Atlantic had worked in the 
same direction, none had succeeded ; and more than 
twenty years later, when the Hussey and McCormick 
machines were tried, they failed in comparison with 
the first machine made by Bell. 

Gladstone, about 1828, introduced a simple ap- 
pliance for cutting beans. This instrument, which 
is shown in Fig. 29, was an ordinary plough body, 
to which was attached a serrated blade screwed to a 
wood backing. ‘This instrument-seems to have been 
considerably used for its special purpose, and 
one man and a horse could cut five acres a day 
with it, 

The patents taken out in America began to in- 
crease in number from this time, and a few of the 
more important ones may be given:—S. Lane, of 
Maine, August, 1828. This was an ambitious effort to 
combine thrashing with reaping at one operation. 
E. Ingersoll, Michigan, May, 1830: a very un- 
practical arrangement of a frame on sledge runners, 
with roller between them, which revolved as the 
apparatus was traversed; above was a large hori- 
zontal cutting wheel 8 ft. in diameter, driven by 
belting passing over one of the rollers on to a eve 
on the wheel shaft, W. Manning, of New Jersey, 
patented a machine in May, 1831; it was quite an 
uppractical implement, and the only feature in it 
worth recording is that {the knife bar, which worked 
on a crossbar in advance of the horses, was put in 
motion by a zig-zag groove in a wheel, just as Bell 
drove his knife bar at a later date. 

The first patent for lawn mowing was taken out 
by E. Budding, of Thrupp, near Stroud, in August, 
1830. In 1832, Mann's machine, to which reference 
has already been made, was perfected so far as 
was possible, and attracted considerable attention, 
It is shown in Fig. 25. It is carried on four 
wheels, two large ones, a smaller runner in front, 
and a fourth smaller one underneath the cutter ; 
the motion of the different parts is transmitted by 
bevel gearing and pitched chains, first to the cutters 
by means of a chain passing over the small pulley /, 
and second to the circular rakes over the pulley g. 
The cutter, i, is a polygonal disc, built up of a 
number of segments, the reason of adopting this 
form in preference to a circle was that the grain 
may receive a succession of cutting strokes, instead 
of a continuous action. ‘The rake consisted of an 
open drum, armed with a series of teeth 7, These 
teeth entered the corn, and carried it after it had been 
cut to the side of the machine, when it was de- 
aor in regular rows at the side of the machine. 

n order to prevent the corn from becoming en- 
tangled with the receiving rakes, the teeth of 
the latter were perforated at about | in. from the 
point, and wire was strung around them, It will be 
noticed that in this machine the carrying wheels 
were on independent axles, and that the motion was 
transferred from the forward one. In 1833, T. A. 
Anderson, of Tennessee, U.S., patented a very old 
implement in which gearing gave motion to radial 
cutters fixed on one or more vertical shafts, In the 





December of the same year, an important patent 
was secured by Obed Hussey, of Cincinnati, Ohio. 
This machine was carried on two wheels, and at the 
side, or to the back of it, was a platform supported 
on a roller for receiving the grain. The fingers in 
form resembled those of the Bell machine, but they 
were duplicated, and touching at their poiats left a 
triangular space between them in which the knife- 
bar worked, Bernard Jackson, of Broom, County 
Ohio, repatented the old idea of revolving scythes 
on a vertical spindle in 1834. Cyrus H. McCormick, 
of Rockbridge, County Virginia, took out his first 
patent on the 2nd June, 1834. This does not ap- 
erties wegen hee ep of any value, and it had 

m chiefly anticipated by other patents, In 1835 
four patents were taken out in the United States for 
different arrangements of the revolving scythe busi- 
ness. It is singular that after the uselessness of this 
arrangement had been demonstrated, and the practi- 
cal albeniogs of the oe knife had been 
clearly shown, that the old plan should have been so 
often repeated. 

Between 1835 and 1840, although a considerable 
number of specifications were filed at the United 
States Patent Office, none contain features of novelty 
or value, and most are repetitions of the old ideas 
of Gladstone, Scott, Boyce, and others. In 1841, 
A. Churchill, of Geneva, Illinois, described a very 
useless invention of a combined reaper and thrasher, 
in which the heads of the corn were broken off, and 
carried on an endless band into the thrashing drum. 
D. Church, of New York, records in the same year 
a nearly similar design. The claim of Jonathan 
Read, of New York, in his patent of March, 1842, 
is interesting, as being the first notice of employing 
arake as a part of the machine inany of the Ameri- 
can specifications, ‘I also claim the mode of con- 
structing the rake and combining it with the bed of 
the machine, by forming it with pointed fingers at 
ae of the sone Aae I = see ee — 
of discharging the grain from the y means 0 
the said a. and in the manner already described,” 
C. Brown and F. S. Crans, of Boston, New York, 
patented in 1842, a combination of rakes and re- 
volving scythes, the former being so arranged as to 
clear the corn from the cutters and lay it regularly 
on the ground. Jesse Reeder, of Alton, Lllinois, 
claimed a combination in 1843 of revolving stationary 
cutters for removing the ears of the grain. Jacob 
Peck, of Pennsylvania, patented in 1844 a cutter 
combined with revolving cross-arms driven by bevel 
gear for removing the grain when cut. Later in the 
same year, George Estelly, of Wisconsin, obtained 
a patent for cutting the ears of in. In No- 
vember, 1844, William F. Ketchum, of Buffalo, New 
York, patented an arrangement bearing some re- 
semblance to that of Bell; he employed an endless 
apron driven on rollers for bringing the corn to the 
cutters instead of for removing it after it was cut, 
as Bell did. McCormick, of Rock Bridge, Virginia, 
procured his second patent on the 31st of January, 
1835 ; it was thus describedjby the Journal of the 
Franklin Institute; ‘‘ This is for improvements on 
that kind of machines in which the grain is cut by 
the serrated edge of a straight and vibrating cutter, 
operated by a crank, the grain being sustained by 
fingers. The blade is serrated like a sickle, except 
that the angle of the teeth is reversed for every 
alternate tooth, and the supporters of the blade are 
secured by screws to the front part of the platform, 
and bent down and then up, to give a free escape 
to straw which may enter the machine. The fingers 
for supporting the grain are spear-formed and the 
angle ot the edge begins to run in forward of the 
edge of the cutting blade, so as to form an angular 
shear to insure the support of the grain in the act 
of cutting. The other improvements are fully 
pointed out in the following claim: Claim.—‘I 
claim first the curved (or angled downward for the 
purpose bomen A for supporting the blade in 
the manner described. I claim the arrangement and 
construction of the fingers or teeth for supporting 
the grain so as to form the angular spaces in front 
of the blade, as and for the ore described. 1 
claim setting the lower end of the reel post behind 
the blade, curving it and leaning it forward at the 
top, thereby favouring the cutting and enabling me 
to brace it at the top by the front brace, as described, 
which I claim in combination with the post,’ ” 

In 1845, a combined machine was patented in 
South Australia by a Mr. Ridley, and it was claimed 
for the implement that it would thrash, reap, and 
winnow at the rate of nearly an acre an hour. The 
thrashing t of the apparatus was mounted on 
wheels, and pushed forward by horses ; the front of 





this was provided with a long eomb, in which the 
straw was caught and the ears torn off and passed 
into the ing ; it was claimed that the draught 
produced by the onward movement of the vehicle 
was sufficient to winnow the grain. Writing of this 
machine in 1850, Mr, Wilkinson, in his work on 
South Australia, says : ‘‘Considerable improvements 
have been introduced into the mode of working it ; 
it is now drawn in the same way as a cart, and has 
become extensively used in the colonies ; it is also 
a profitable article of exportation to the other 
colonies. Mr. Ridley has been honoured with the 
patronage of the Queen and Prince Albert.” Be- 
tween 1846 and 1850, four patents were taken out for 
reaping in this country, one of them by Mr. Joseph 
Whitworth, and the last of the series was the 
English specification of the McCormick reaper. 
In 1845, Erastus C. West, of Bradford, Ver- 
mont, } caper a combined harvesting machine, in 
which the old idea of scythes on a revolving vertical 
shaft was renewed in connexion with the cradle 
and endless band for conveying the cut corn to the 
ing drum. In the same year F, Woodward, 
of New Jersey, claimed the combination of a sheaf 
box and platform to receive the grain. William 
F. Ketchum, of Buffalo, New York, obtained another 
mt in March, 1846, in which he claimed as 
ollows: ‘* What I claim as my invention, and desire 
to secure by letters patent, is the manner of con- 
structing the rake teeth, the same consisting of two 
plates of unequal length, and each set being made 
separate, and not a whole plate, as heretofore, I 
claim, further, the arrangement of having the 
operating parts, as the driving wheels, under the 
tform on which the cut grain falls, I claim, in 
particular, using one or more revolving sharp-edged 
shafts, for the purpose to carry the cut grain from 
the knife-blade to the platform, in the manner set 
forth.” This arrangement of revolving shafts for 
carrying the grain appears to be somewhat similar 
to that afterwards made familiar in the McCormick 
machine, J. Darling, of Michigan, patented a plat- 
form with travelling slats provided with tines for 
moving forward the grain to the thrashing apparatus 
which formed a part of his machine ; he also claimed 
a mode of steering by pivoted wheels. C. Foster, 
of Laporte, Indiana, patented in the same year a 
rake for delivering the grain from the platform after 
it was cut. The platform was grooved to receive 
the points of the rakes, which received their motion 
from cams on the driving axle. A, M. Wilson, of 
New York, in the same year filed a long specification 
with | claims, none of them apparently of much 
value. n the same year J. Lard, of. Mobile, 
patented a mowing machine, in which a revolving 
rake was employed to remove the from the 
scythes, Between this date of McCormick’s next 
tent of 1847, seven specifications were filed at the 
nited States Patent Office, and amongst them we 
find a third application from Mr, Ketchum, and a 
second one for an improved detail from Hussey, 
The chief claim in the McUormick patent is as 
follows: ‘And TI also claim as my invention, the 
arrangement of the seat of the raker over the end 
of the finger piece, which projects beyond the range 
of fingers, and just back of the driving wheel, as 
described, in combination with, and placed at the 
end of, the reel ; whereby the raker can sit with his 
back towards the team, and thus have free access to 
the cut grain laid on the platform and back of the 
reel, and rake it from thence on the ground by a 
natural sweep of his body, and lay it in a range at 
right angles with the swathe, as described, thereby 
avoiding unevenness and scattering in the discharge 
of the wheat, as well as accomplishing the same with 
a great saving of labour.” From that date to the 
middle of 1851, to which this present review is 
limited, we find thirty-five other American specifi- 
cations, most of them referring to alleged improve- 
ments in detail, or repeating what had already been 
invented. 

On the Continent, but little attention was paid 
early to this branch of manufacture, and Mr. Wood- 
croft has found only one record of an early 
machine in Austria, one in Russia, and hints of two 
contrivances for the purposes in a work published 
by Person de Bérainville in 1802, under the title of 
* Receuil de Mécaniques et Descriptions des Ma- 
chines relatives a l’Agriculture et aux Arts.” The 
Austrian implement, which was patented in 1839 
by Henry Springer, of the Royal Imperial Corps 
of Artillery in Vienna, is shown in Fig. 30. it 
consists of a one-wheeled frame with guiding bars 
at tne rear, and on the cross beam in front was a 
vertical spindle carrying a pulley at its upper end 
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and a four-armed frame near the. ground; at or 
near the ends of these arms, cutters or scythes 
were fixed, and motion was. transferred by a rope 
from a pulley on the carrying wheel to the small 
vertical wheel on the shaft. In 1831, the ‘¢ Quarterly 
Journal of Agriculture” extracted the following 

h from the ‘“‘ Journal de St. Petersburgh,” 
where it had ap in April, 1829: “M, P. 
Haiiy, of Odessa, is about to publish the prospectus 
of a machine of his invention, which ought to draw 
the attention of farmers. ‘The desire of rendering 
an important service to agriculture,’ says M. P. 
Haiiy, ‘has induced me to attempt the invention 
of a machine for reaping corn. It is as simple 
in its construction as can reasonably be expected, 
seldom requires repairs, and an intelligent peasant 
will soon understand its whole mechanism, and 
work it without the least trouble. This machine 
is of such a nature that, with the assistance of 
two horses, one man, and two boys, a field of a 
dessiatine in extent may be reaped and put in sheaves 
within ten hours. It costs about 500 roubles. If 
the season is sufficiently dry, it may be used in the 
night-time by the light of lanterns,’ ”’ 

Figs. 31 and 32 show drawings of a so-called im- 
proved reaper by Messrs, Garrett and Sons, the con- 
struction of which is very similar to the original 
Hussey implement among the collection now at Kil- 
burn. At the first International Exhibition of 1851, 
besides several small implements for lawn mowing, 
&c., nine reaping machines were exhibited, two of 
which only call for notice here. The first was the im- 
proved McCormick machine, to which was awarded 
a Council medal, which attracted as much public 
attention as if the subject had been entirely new 
and Bell had never invented his reaper near] 
a quarter of a century before. The McCormic 
reaper exhibited, had a triangular wooden frame to 
which was attached a broad bearing wheel of small 
diameter, the width of the platform was about 6 ft. 
and the depth 5.ft., its outer side resting on a small 
running wheel. The knife, which was placed below 
the pointed steel fingers, received its reciprocating 
motion from an upright —— driven ere 

off the c ing wheel. e cutting edge o 
fhe knife on wb tale sickle-like teeth divided 
into sections corresponding with the number of 
fingers, each section having one-half of the teeth 
inclined in one direction, and the other half in the 
opposite direction. A large reel about 6 ft. wide pro- 
jected over the platform; the height of this reel 
could be regulated according to that of the crop 
which it had to lead to the cutter. The outer end 
of the platform was provided with a pointed separator 
to prevent the corn from coming irregularly to the 
cutter, and a guide was attached to the inner side 
of the platform to keep the corn clear of the wheel 
and gearing. 

Thesecond machine was that of Mr. Hussey, which 
resembled almost exactly the ow made by 
Messrs, Garrett and Co., and to which reference has 
already been made. One special and at that time 
novel feature in this implement was that the knife 
moved to and fro in slots formed in the fingers, 
The friends of Mr. Bell endeavoured, but unsuccess- 
fully to persuade him to allow it to be exhibited 
at the Crystal Palace in 1851. Im consequence 
of this refusal the two best reapers exhibited— 
Hussey’s and McCormick’s—received all the popular 
laudation naturally given to a practical machine of 
so great obvious utility, and during the few years 
following, Mr. Bell and his friends were engaged in 
defending his rights of priority. In Hussey’s reaper 
a knife bar with triangular blades was employed, 
working between a set of triangular a e 
cutter bar was driven by gearing off the bearing 
wheels, at a rate of 500 strokes a minute; the 
breadth of cut was 3 ft., and the grain fell on the 
board to be swept off with a rake by the man 
in attendance seated on a box covering in the wheel. 
The stubble was left 4 in. to 6 in. high. 

Hussey, as stated above, patented a machine in 
1833, carried on two large wheels, and a roller at the 
rear behind the grain board; on the axle of the wheels 
was a spur giving a rapid motion to a — on a 
secoad shaft that drove a bevel gearing down to the 
cutter bar. When the 1851 machine was tried at Tip- 
tree Hall, it was found to be very irregular in its 
action, the work was too severe for three horses, and 
it was impossible to guide them so as to make even 
work, The labour imposed on the man upon the ma- 
chine was also very severe, and with heavy crops it 
was found impossible for him to collect and push off 
the grain from the board. The cutters also yery 
quickly clogged, In fact, the objections to the ma- 








chine were so great that it was very early decided 
that it could not be generally adopted. 

The McCormick machine tried at the same time 
appears to have produced far better results, the 
cutter bar wag serrated with sickle-shaped teeth, and 
worked with long triangular blades, being driven by 
gearing in the ordinary manner. The fan or beater 
was added to the machine, which revolving slowly 
led away the cut, upon the board, whence they were 
raked off by a man sitting with his back to the 
driver, At the trials above mentioned the old 
machine of Bell proved itself far superior to either 
of the othertwo. It was worked by two horses and 
one man and a boy, and the respective cost of 
cutting per acre was for Hussey 2s. 8}d., and for 
Bell 1s. 14d. 

In 1853 Messrs. Croskill began manufacturing the 
Bell reaper, and we find afreport in the Transactions 
of the Highland and Agricultural Society of Scotland 
for that year of the results obtained by the ninth 
implement made by that firm. Great trouble was 
met with at the outset through breakages and other 
mishaps, but it worked more or less during 27 days 
for 148 hours in all, and cut 130 acres, the best work 
done being 11 acres in 6 hours. The total cost, 
making proper reduction for delays from break- 
downs, &c., was 6s. 11}d. per acre, as compared with 
78. 54d. by hand. 





A number of early reapers have been collected at 
the Museum at Kilburn, including the most interest- 
ing of all, Bell’s reaper of 1826. As we have seen 
elsewhere this was by no means the first implement of 
the kind that had been made, though it was un- 
doubtedly the first that worked with success. Havin 
already described this reaper in full detail we nee 
not repeat thé description here, but pass on to the 
other and far more modern implements, First is 
the original machine by Hussey, in which the motion 
is im from a large road wheel boxed over so as 
to form a seat for the driver. On the road wheel 
shaft is a spur wheel gearing into the second shaft 
behind, which carries a pinion, and at its end a bevel 
wheel; a pinion on an inclined spindle carries the 
motion down to the front of the machine where 
it is transferred to the knife bar by a disc crank. 
The bevel wheel is free to slide to and fro on 
its shaft, through a small distance, and may thus 
be either in or out of gear according to its position 
when at work the bevel wheel is held fast by the 

ressure of a long lever which is locked in position 

y the driver. e grain board of the implement 
is rectangular, and is hung upon trunnions, so that 
there is a slight | gr ae ep towards the cutters. 
The outer side of this board is guarded by a wing to 
keep the grain from spreading. The fingers are 
evidently those originally put in the machines 
straight and parallel, and pointed at the end. On one 
side of the grain board near the driver’s foot is a 
strap by which he raised the board when full, and 
swept it clean by a rake carried for that purpose. 
Beside this stands another machine, very similar in 
principle, but with the road wheel outside the box, 
so that it is wider, and not so compact a machine. 
In this the original fingers have been replaced by 
others of a more modern form, and made of brass, 
In both machines the outer side of the grain board 
is supported on a small wheel, Two of the early 
mowers of the Walter A. Wood Company are 
shown, bearing a very strong resemblance in outline 
and proportions to the modern implements, The 
body and upper works are of wood, and the imple- 
ment is carried on two large wheels, to both of 
which are fastened internal toothed rings. A cross 
shaft above the level of the axle of these wheels 
carries at each end a small pinion gearing into the 
ring, and receiving motion from it. The machine is 
thrown in and out of gear as follows: the pinions 
are cast with a circular box around the inside of 
which is a rachet; pinned to block fast in the shaft 
is a pawl with three or four teeth, and from the side 
of this pawl is a pin into which can be made to 
engage a hook placed on the shaft. When the hook 
is thrown over the pin, the pawl is geared into the 
ratchet, and the shaft is driven by this means. 
When it is disengaged, the toothed ring simply 
drives the pinion which is then loose on the shaft. 
Upon the latter is a bevel wheel, which gives mo- 
tion to a pinion and inclined spindle passing down 
to the front of the machine and taking hold of the 
pitman. A lever close to the driver's hand 
serves to throw up the cutter bar; the ligktness of 
the castings in this machine, and its general neatness 
of appearance form a strong contrast to the early 
implements of English makers. 
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Tie cote notice Lig ae no gy ae ag 
po’ e e is in Smeaton’s vol, i,, 
page 933. ‘There are meme Gem Oo description "4 

wings of an engine designed by Smeaton in 1765, 
and the sketch, Fig. 33, page 548, shows the con- 
struction of the boiler. This was not of course a port- 
able engine, as the term is now understood, but could 
fairly be called so at that time in comparison with 
the usual type of numbers of — then made 
chiefly for pumping and mines. The engine itself 
was supported on a wood framing, and the boiler 
rested on brickwork. The boiler, which was 
6 ft. in diameter in its largest part, was of the form 
shown. It had an internal spherical furnace with a 
flue opposite to the firing passage, and going to the 
uptake. The latter, to economise a part of the heat, 
was surrounded for some distance with a water 
casing, which formed part of the boiler. Near the 
upper part of this casing was a steam pipe connected 
to the steam space of the boiler. The sheet of the 
boiler was } in, thick, Water was supplied from an 
upper tank, as shown, communicating with a stand- 
pipe by means of a cock, The engine was placed at 
some distance from the generator, and steam was 
supplied through the pipe d. No beam was used in 
this engine, but instead a large pulley was carried 
on A frames, and over it a chain passed coupled on 
one side to the pump and on the other to the piston 
rod. The valve gear and the injection pump were 
operated by a smaller pulley running on the same 
shaft, This engine a cylinder 18 in. in diameter 
with 6-ft. stroke, and the large wheel was 78 in, in 
diameter. In working it e ten strokes a minute 
and developed 44 horse power. 

In a patent of Matthew Murray dated 1802, we 
find some reference to a portable engine. The 
sentence runs thus, ‘‘ The parts so combined form a 
perfect engine, without requiring any fixture of 
wood or any other kind of framing than the ground 
it stands upon, and is transferable without being 
taken to pieces (the motion of the flywheel gives 
circular power to any process or manufacture re- 
a circular motion), or for irrigating land, and 
or the various processes of agriculture.” 

The use of steam as a motor for agricultural pur- 
poses did not become general much before 1850. Of 
course, long previous to that date, portable engines 
had been made, Messrs. Tuxford and Co. having 
commenced the manufacture of portable engines 
about 1839, while several were exhibited at the 
Bristol Show of the Royal Agricultural Society in 
1842. Fixed engines had been employed to a limited 
extent many years before, and at the date last men- 
tioned were a regular article of manufacture, but in 
the early days of steam engineering such motors 
were too cumbrous and costly to be used upon the 
farm, except in exceptional cases, The name of 
Richard Trevithick, the apostle of high-pressure 
steam, is prominent indeed as the pioneer of agri- 
cultural engines, and amongst the enormous amount 
of useful work he performed during his busy life, much 
was devoted to the construction of small high-pressure 
engines, both fixed and portable, In the famous 
— filed by him in 1802, conjointly with Vivian, 
e specified a so-called portable engine, and appended 
drawings of it to his specification. It was not by 
any means a portable engine in the modern sense of 
the word, but a compact machine with spherical 
boiler standing upon four cast-iron legs; the boiler 
was fixed underneath, and was surrounded by an 
outer spherical shell forming a fire space ; an iron 
uptake communicated with this space. The cylinder 
was immersed in the boiler, and the moving parts 
were attached to an upright frame fastened to the 
top of the cylinder, The arrangement was sub- 
stantially the same as that to be described presently. 
The specification drawings show one of these en- 
ines driving a sugar mill. Undoubtedly the object 
of the highest interest in the historical collection of 
implements at the Royal Agricultural Society's Show 
ground at Kilburn this year, is one of those old en- 
gines of Treyithick, built in 1811, and the drawing 
we give on page 548. The boiler is not so old as the 
engine, but it is antique also, about 8 ft. long and 
4ft. 74in. in diameter, with one internal flue 
running through, and with a brick bridge interposed 
about half way. Unfortunately, on the show ground 
the setting of the boiler is not shown, but it possesses 
no feature of interest ; the flue comes partly around 
the boiler before rising into the uptake, A strong 
wooden frame, consisting of two vertical timbers and 
one horizontal one on top, forms the chief support of 
the age The cylinder, 9}in. in diameter. “ys ge 
into the boiler, which is enlarged at the end to 
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receive it, the circular form at this place being 


changed into a rectan; one, The cylinder, which 
is without a cover, is bolted to the top plate of the 
boiler by four bolts. From one side of the cylinder 


top, and cast in one with it, rises a hollow socket 
which supports the main standard of the engine. 
On the top of this standard is a plummer block in 
which rests the mainsbaft of the engine, the other 
end resting on a bearing placed on a vertical 
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Fie. 15 any 16. Prrt’s reapzr, 1786. 


























Fic. 18. Meare’s REAPER, 1800. 
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cylinder, and a third with the top of the cylinder, 
and the exhaust, consisting of a pipe, passes from 
the socket to a tank into which the waste steam 
escapes to heat the feedwater. These three open- 
ings terminate in a conical hole formed in the 
socket, and the axis of which is horizontal. Within 
this hole is aconical plug or cock with two openings, 
and when this is caused to rotate, communication is 





alternately established between the opening from 


to the upright standard, the other end of which 
descends and passes over the spindle on the cock, 
and by means of a screw can be moved to and fro 
in its seat as required, The flywheel is of cast iron, 
10 ft. 2in. in diameter, with four kes and two 
broad wrought-iron rings rivetted to the rim to form 
a ve for the transmission rope. We should 
add that the boiler is fitted with a safety valve, 
gauges, &c, As stated, it was built in 1811 by the 
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timber. In Cornwall a wall replaces this timber. 
On the mainshaft are mounted tiie flywheel, valve 
cam, and crank. To the latter is attached the piston 
rod direct (the stroke is 29 in., and the piston is 
secured to the rod by a pin). With the piston rod 
is also connecteda second rod, which is attached to the 
end of a long overhead lever, pinned to a bracket on 
the horizontal timber, and to the opposite end of which 
is fastened the pump rod. The pumpappears to bemore 
modern than the rest of the structure. The arrange- 
ment for distributing the steam is very ingenious. 
The socket cast on to the cylinder, as before men- 
tioned, has three passages within it, one communicat- 
ing with the boiler, another with the bottom of the 
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” Fie. 24. Smrrn’s REAPER, 1811. 


the boiler, and that at the bottom’ of the cylinder 
and between the passage from the top of the cylinder 
and the exhaust. Movement is given to the cock 
by the following mechanism: On the mainshaft 
overhead is a cam formed in halves and bolted to 
the shaft. Beneath this cam on the end of a lever, 
and held up to the cam by a strong spring, isa roller, 
the other end of the lever being articulated to a rod 
attached to the cock. As the cam revolves the 
roller is alternately depressed and raised, and the 
cock turns to and fro, — g and closing the steam 
and exhaust passages. There is a curious contrivance 
for keeping the cock home on its seat, and regulat- 





ing the pressure on it. A bent spring bar is bolted 


elder Trevithick for Sir Christopher Hawkins, of 
Trevithen, in Cornwall, for the pur of. thrash- 
ing and chaff-cutting, and it has used inter- 
mittently for that work ever since, and will be again 
put in steam when returned to its destination. 
Some interesting references to this engine are found 
in the Memoirs of Richard Trevithick. The follow- 
ing letters concern the question : 
** Hayle Foundry, February 13, 1812. 

“* Sir Christopher Hawkins, . 

‘*Sir,—I now send you, agreeable to your re- 
quest, a plan and description of my patent steam 
engine, which I lately erected on your farm for 
working a thrashing mill. The steam engine is 
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equal in power to four horses, having a cylinder of 
9 in. in diameter. The cylinder with a moderate 
heat in the boiler makes thirty strokes in a minute, 
and as many revolutions of the flywheel, to eve 

one of which the drum of the thrashing mill (which 
is 3 ft. in diameter) is turned twelve times. The 
boiler evaporates nine gallons of water in an hour, 
and works six hours without being replenished. 





£ 4. 

Original cost of the steam-engine ... .. 80 0 
Building materialandrope... —... ole 
90 0 

Tnterest on the above 901. at 5 per cent. 410 
Wear and tear at 5 per cent. eee oe 
9 0 
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The engine requires very little attention, a common 
labouring man easily regulates it.” 
‘“‘ The expense of your engine of four horse power, 
por ea with the expense of four horses, is as 
olloWs : 





Fie. 26. Oain’s REAPER, 1822. 





Two bushels or 164 lb. of coal will do the work 
of four horses, costing 2s. 6d.; four horses at 5s. 
each gives 20s.; cost of coal, 2s. 6d., as compared 
with 20s. for horses,” 

It is curious that in the above comparison, Trevi- 
thick omitted to include the cost of the horses for 
a the gear, and it is evident that his esti- 
mate of four-horse power was based on a standard 
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Fras. 31 AND 82. GarreTt’s REAPER, 1851. 


Original cost of horse machinery for four 
horses wis ae ose ie oa 

Interest on the above at 5 per cent. wo 2 

Wear and tear at 15 per cent. oot pe 


of his-own, and not on Watt's formula. On the 
22nd February, 1812, three persons prepared and 
signed a report on the working of this engine, and 
which ran as follows : 

‘Having been requested to witness and report 
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on the effect of steam applied to work a mill for 
thrashing corn at i we hereby certify that 
a fire was lighted under the boiler of the engine five 
minutes after eight o'clock, and at twenty-five 
minutes after nine the thrashing mill began to work, 
in’ which time one bushel of coal was consumed. 
That from the time the mill began work to two 
minutes after two o'clock, being four hours and 
three quarters, 1500 sheaves of barley were thrashed 
clean, and one bushel of coal more was consumed. 
We think there was sufficient steam remaining in 
the boiler to have thrashed from 50 to 100 sheaves 
more barley, and the water in the boiler was by no 
means exhausted. We had the satisfaction to ob- 
serve that a common labourer regulated the thrash- 
ing mill, and in a moment of time made it go faster, 
slower, or entirely cease working. We approve of 
the steadiness and velocity with which the machine 
worked ; and in pent ey nay we _— the power 
of steam as here applied, to that of horses. 
(Signed) ‘* MatrHew Roserts, Lamellyn., 
** THomas NANKIVELL, Golden, 
‘¢ Matruew Doste, Barthlever.” 


A few years ago Mr, Francis Trevithick, son of 
Richard Erevithick, in reply to an inquiry respecting 
this engine, received the following letter : 
**Trevithen, Probus, 17th May, 1876. 
‘*Sir,—The engine you refer to is still occasion- 
ally used here ; when first erected there was a large 
quantity of corn thrashed by it, but of late years it 
has not been much used except for chaffing, win- 


nowing, &c, 
(Signed) ‘©W. TRETHNOY.” 


It does not appear when the original boiler was 
replaced by the present one, The latter was of 
wrought iron, and fired from beneath (see Fig. 35, 
page 548). Boilers of similar form and made about 
the same date were in use up to 1853. They were 
set in brickwork with flues on each side. 

This interesting relic was not the first agricul- 
tural engine built by Trevithick, for he had erected 
one at Stableford in 1804, which is thus described 
in a letter on the ‘‘ Life of Richard Trevithick” : 
“The thrashing engine was a side lever engine, 
worked with a three-way cock and tappet, a cylinder 
about 8} in. diameter, and a 3 ft. 4 in. stroke, cast 
iron crankshaft, crosshead and guides, The boiler 
was placed underneath the engine, the fire under it 
with brick flues. The boiler was about 9 ft. long and 
4 ft, diameter, The old side rods made of wood are 
still here (Stableford), and so was the engine until 
about twelve years ago.” This letter was written 
in 1870 by a grandson of J. Jasper, of Stableford, 
who was probably the earliest user of steam power 


for agricultural p 
Scattered Geamuak the memoir of Richard Trevi- 
thick, we find numerous references to the ise 
importance of small engines for agricultural pur- 
poses, and many indications that he had built 
uite a number of such machines, Writing to Sir 
John Sinclair on the 26th March, 1872, the elder 
Trevithick says : ‘‘ Respecting the engine for thrash- 
ing, chaff-cutting, sawing, &c,, I am now making 
one of about two-thirds the size of Sir Charles 
Hawkins’s, which will be portableon wheels, and may 
be removed from farm to farmas easily as a small cart. 
By placing the engine in the farmyard, and passing 
the rope from the flywheel through the barn door 
or window, and around the drum on the machine 
axle, it may be driven. The steam may be raised, 
and the engine moved a distance of two miles, and 
the thrashing machine at work within one hour. The 
weight, including engine, carriage, and wheels, will 
not exceed 15 cwt., about the weight of an empty 
one-horse cart. The size is 3 ft. diameter, and 6 ft. 
high, If you wish to have one of this size sent to the 
Board of Agriculture as a specimen, the price, de- 
livered in to will be 60 guineas, 1 havea 
portable engine nearly finished which will weigh 


about 30 cwt. The power is equal to 6 horses, or 
24 horses every 24 hours. Price, delivered in Lon- 
don, 150/.” That at so early a date as 1816 small 


engines of this class were appreciated by agricul. 
turists is shown in a letter written by S. Smith, of 
Greenwich, Trevithick’s London agent, and a steam 
engine manufacturer, in which he says that he was 
talking about the engines required for Manchester. 
All that was required of them was about a two-man 
power each, but they must be small enough to go 
through a common door, and be in rooms 
where the machines to be worked were fixed. In 


the same letter he made inquiries respecting designs : 


for a high-pressure engine Trevithick was at that 
time preparing. 





Going back for a period of eleven years, we find 
in the Recollections of Captain Samuel Grove, of 
Cornwall, the following statement about Trevi- 
thick’s portable engine: ‘‘I saw at the Werth mine 
in 1805 a portable high-pressure engine made by 
Captain Trevithick. It was a puffer. The cy- 
linder was in the boiler, and the steam about 
30 lb. above the atmosphere, The facility of manu- 
facture and cheapness of these engines caused them 
to be much used in the mines and also elsewhere.” 
Richard ‘Trevithick, in writing to his friend, 
Mr. Giddy, speaks of an order he was expecting 
from South America for twelve engines of 12-horse 
power each, These were for working sugar mills, 
and he proposed, as water was very scarce, to feed 
the boiler with the expressed juice from the cane, 
and run it off when it had been partly concentrated. 
If this plan answered he had the offer to make a 
thousand such engines. In the same letter he 
— of the progress being made in building 
ese engines. At Manchester there were two 
at work and three more building; two other 
foundries in Manchester were at full work on them, 
and one in Liverpool; six were nearly finished at 
Coalbrook Dale and seven at Bridgenorth. At 
Newcastle four were at work and four were nearly 
ready ; six of them were for winding coal, one for 
lifting water, and one for grinding corn. ‘That 
grinding corn was a ll-in. cylinder, driving two 
pairs of 5-ft. stones 120 rounds per minute, ground 
150 Winchesters of wheat in twelve hours, with 
12 cwt. of small coal. It worked exceedingly 
well, and was a complete engine, only the stroke 
was much too short, not more than 2 ft. 6in.” 
At this date there were twelve of these engines at 
work in London, and Trevithick was busy in pre- 
paring drawings for a variety of makers, ali of whom 
seemed very desirous of manufacturing the engine. 
The information contained in this letter is very 
interesting. His patent of 1802 had two years later 
come into widespread application all over the 
country for almost every purpose, and inquiries for 
them from abroad were coming in rapidly, As we 
have seen above, the first engine built by Trevithick 
for thrashing corn was about 1804, and the one ex- 
hibited now at Kilburn was probably the second he 
constructed, though it is almost certain that of the 
large numbers that had been constructed in different 
wy of the country between 1804 and 1811, many 
ad been used for the same purpose, especially as 
the inventors of thrashing machines of those dates 
frequently mention the adaptability of their ma- 
chines to be driven by steam power. 

By the year 1812, ‘Trevithick had so far organised 
the manufacture of small-power high-pressure en- 
gines, that he was able to advertise them for sale and 
hire. Those especially adapted for thrashing, chaff- 


d | cutting, sawing, &c., weighed 15 cwt., and cost 63/. 


He also advertised larger and more powerful en- 
gines for cultivating land, At the same time 
he was engaged in the manufacture of portable 
engines for the sugar plantations at St. Kitts, and 
we find reference in his letter to some of these 
machines intended apparently for hiring out there, 
which weighed 1} tons, and travelled from one estate 
to another. 

In December, 1812, Trevithick wrote to Mr. 
Rastrick with reference to an order he had received 
for athrashing machine from Lord de Dunstanville, 
of Terhidy. He desired Rastrick to send a drum 
for the thrashing machine, and said ‘‘Send a drum 
with everything complete, of which you are a better 
judge than I; probably about 3 ft. in diameter and 
3$ ft. long will be sufficient. There must be a 
flywheel, with a notch to carry the rope, and also a 
small notch wheel on the drum axle. I think 6} ft. 
diameter for the fly, and 9} in. for the small wheel 
will give speed enough to the drum, Mind to cast 
a lump, or screw on a balance of 1 cwt. on one side 
of the wheel. There must be two stands on the 
boiler, and a crank axle, or otherwise a crankpin in 
the flywheel, which ever you please, with a shaft 3 ft. 
long with a iage. The engine to stand in a room 
under the turnabout, 7} ft. high, 7 ft. wide, and 17 ft. 
long. The flywheel will stand across the narrow way 
of the room. The rope will'go up through the floor, 
and the drum be shifted by a screw horizontally on 
the barn floor, so as to tighten the rope.” The ordi- 
nary working speed of the engine being 30 revolu- 
tions a minute, with the proportions given above, 
the speed given to the drum at this early time was 
upwards of 2000 ft. a minute. 

In 1813 Mr. Kendal, tithe collector of Padstow, 
purchased one of Trevithick’s agricultural engines 
for thrashing corn. This, however, was a fixed ma- 





chine, and the small farmers sent their corn to him 
to be thrashed, and to be returned to them minus 
10°per cent. The boiler of this engine was of 
wrought iron 4 ft. in diameter and 6 ft. long placed 
vertically. The cylinder was placed in it, and its 


rere see ody in almost all respects siniilar to 
that ibed in the 1802 patent. Some of the 


engines made at this time were so arranged as to be 


easily mounted on wheels for transport, and fixed 
temporarily where they were required. In a letter 
dated 1813, written by Trevithick, we find further 
reference to the engine now exhibited at Kilburn. 
He states that it was the first made by him on that 
particular plan, though as we have seen, there had been 
many others built long before 1811 under the patent 
of 1802. In this letter he states that the engine had 
then been at work for 18 months, without requiring 
any repairs, and that it took 168 1b. of coal to get up 
steam, and thrash 1500 sheaves of wheat in 6 hours. 
Before the engine was started the average day’s 
thrashing was 500 sheaves with three horses. The 
cost of such an engine in London was quoted at 100/., 
and the cost of brickwork 15/. more. ‘A portable 
engine costs 160 guineas, but it would cost nothing in 
erecting, as it will be sent with chimney and every- 
thing complete on its own wheels, the drum, &c., 
excepted, which you may convey with one horse 
from farm to farm as easy as a common cart.” “The 
writer goes on to suggest thatif the purchaser had 
not sufficient work for this engine he could lend it 
to his neighbours, and he adds, as an illustration of 
the value of steam power, that he had about three 
weeks before erected an engine for afarmer who sold 
the horse gear and horses rendered useless by the 
alteration, for more money than the engine cost, 
and saved besides 4/, a week in wages and horses he 
had previously to employ to thrash out 3000 sheaves 
a week. The new engine did double that amount of 
work, and at an expenditure of 10s. a week. The 
letter concludes by quoting a price of 220 guineas for 
an engine to drive one pair of stones. In the same 
year we find it stated that ‘‘ Lord de Dunstanville’s 
engine thrashed yesterday 1500 sheaves in 19 mi- 
nutes with 40 Ib. of coal.” 

We have said and quoted sufficient to show that 
at the beginning of the century Richard Trevithick, 
the great and original engineer, ‘‘the inventor of 
pot gcc steam,” as one of the earlier writers 
called him, not only constructed stationary and 
portable agricultural engines himself, but instructed 
iron founders established all over the country to 
construct them also. There is abundant evidence 
that these manufacturers were anxious to make the 
engines, and that they did make them; also that 
farmers and others highly appreciated them, and 
benefitted at once by the economy they effected. 
More than this, Trevithick inaugurated the system 
of hiring engines so largely developed half a century 
later, so that he had actually anticipated, in principle 
at least, what was to form an important industry fifty 
years after his time. The old relic at Kilburn, 
which for nearly 70 years has been doing steadily 
the work for which it was at first designed, is a 
monument to the memory of Trevithick more 
interesting than any other, and it ought never to be 
allowed to return to Cornwall to resume its routine 
of work, but should be retained to find a place in 
the Patent Museum of South Kensington, where 
many mechanical relics are collected, but none of 
more interest than this, almost the first high-pres- 
sure engine ever constrncted, and constructed by 
the inventor’s own hands. 

At the time when Trevithick was thus busily 
engaged in constructing his high-pressure engines, 
and instructing other builders to make them, en- 
gineers in the north, chiefly in Glasgow, were putting 
down condensing engines in considerable numbers 
on the Scotch farms, particularly in the Lothians. 
These engines appear to have been produced very 
cheaply, and were erected chiefly at the expense of 
the landlords, who provided them as fixtures for 
their tenants, the latter having to keep them in 
repair. The engine-houses and chimneys falling 
into decay are still common objects in the Scotch 
farmin — icts, while a of them are worked 
up to the present time chiefly for thrashing oats, 
for which the old thrashers of 50 years ago are ex- 
tremely well adapted. It is somewhat singular that, 
considering the large number of engines built under 
Trevithick’s patent, so few are now in existence, 
and it is also remarkable that between 1820 and 
about 1840 there should have been comparatively 
little progress made in the industry which Trevi- 
thick called into existerce, and to which he gave so 
remarkable an impetus. During this period, of 
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course, many fixed engines were laid down to per- 
form barn work and other duties, but it was not 
much before 1841, when Messrs. Ransomes and Co. 
exhibited at Liverpool the first portable engine seen 
on the Royal Society’s show grounds, that Trevi- 
thick’s idea was revived, and the construction of port- 
able engines entered in a new and profitable phase. 
Dean, of Birmingham, was also a very early maker. 
Two forms of his engine are indicated in Figs. 36 
and 37, from which it will be seen that they had a 
vertical domed boiler supplying steam to one or two 


vertical cylinders, placed on the forward part of the | p 


wheeled frame forming the carriage and giving 
motion to the flywheel, off which the power was 
taken. These engines, however, did not appear 
on the Society’s show ground before 1844. In 
1841, at Liverpool, Messrs. Ransomes, Sims, and 
Head exhibited the first portable seen at the Royal 
Society’s Show. It wasa disc engine built under 
the patent of Davies, of Birmingham. The follow- 
ing year at Bristol the same firm exhibited a modi- 
fication of the same engine mounted on four wheels 
and having a platform large enough to carry a 
thrashing machine. This engine is shown in Fig. 38. 
It could be either drawn by horses or made self-pro- 
pelling by a pitched chain passing over a pulley on the 
main axle, This engine received much commendation 
from the judges of that year’s show, and further de- 
tails are given of it in our review of the work done 
by the Royal Agricultural Society, so that we need 
not refer further to it here. This type of engine 
did not endure even a} passing popularity, but 
quickly gave way to a more practical and useful 
form. It is interesting as a matter of history 
that Messrs. Ransomes and Co., who must be re- 
garded among the pioneers in agricultural machines, 
were the first to exhibit an engine of this class, 
In 1839 Mr. Morton, manager for Earl Ducie, of 
Whitwell Farm, came over to Boston, and had some 
conversation with Messrs. Tuxford relative to steam 
thrashing, and after a lengthened consideration this 
resulted in the production of a design in 1840-41 for 
an engine and thrashing part both on one frame, 
as shown in Fig. 39. The first of these was made 
and supplied on the Ist of October, 1842, to Mr. 
Robert Roslin, of Algankirk, about eight miles from 
Boston, and when tried was found to work in a very 
satisfactory manner. The engine and machine were 
fixed upon the same frame, the boiler had oval 
- flues with water spaces in them, the upper flue 
being a return one; the chimney was jointed for 
laying down when travelling, and its upper end was 
fitted with a spark collector holding water and an 
adjustable dome or deflector. The cylinder was 
oscillating, with surface steam valve, the piston 
connected direct to the crankpin without guides 
or intermediate motion, a face wheel was fixed 
on to the crankshaft, into which geared a pinion 
fixed on to a second shaft, upon which also was 
fixed the flywheel which ran crossways at the 
end of the boiler; beyond the flywheel and upon 
the same shaft was a spur wheel into which geared 
a pinion driving the drum of the thrashing part 
which was similar to the thrashing part belonging 
to a horse machine. A water heater from the ex- 
haust steam, consisting of a series of copper pipes 
enclosed in a copper case, about 5 ft. long, was fixed 
along the side of the boiler and rested on the frame. 
work, The ash pan was inside the shell part of 
boiler and was surrounded by water, it a re- 
gulating air door in front; the total length of 
ages and thrashing part was about l0ft. 6 in., 
and weight about 3} tons. The general perform- 
ance of this engine and thrasher was so satis- 
factory that before the end of 1843 no less than six 
sets were manufactured and sold by Messrs. Tuxford. 
The gradual improvements made in engines of this 
class were illustrated year by year in the exhibits of 
the Royal Agricultural Society, but little approxima- 
ting to the modern type was done until Cambridge 
showed the engine at Northampton in 1847, and for 
which he received a prize. As this engine forms a part 
of the collection of ancient implements at Kilburn we 
may devote some space to a description of it. It 
has a cylindrical boiler about 3 ft. 2in. in diameter, 
closed at each end with a flat sheet. A circular 
flue runs from the end of the furnace in the boiler 
to the opposite end, and projects about 18 in. Into 
this flue passes the chimney, and a part of the 
latter is enclosed in an open water tank from 
which the pump draws its supply. The boiler is 
mounted on four 40-in. whesns mounted on iron 
axles, octagonal in section. The boiler is attached 
to the middle of the rear axle by a strap passing 


around it and rivetted to the boiler, while the middle 





| of the forward axle is enlarged, and a hole made in 
it to receive a pin bolted to the boiler; an iron arc 
; is fastened also to the axle of this pair of turning 
wheels and slides upon a bracket rivetted to the 
boiler. The general appearance of the engine is 
given by Fig. 40, and the cylinder valve chest motion, 
&c., by the separate detail, Fig. 41. From these 
it will be seen that the cylinder 7in. in diameter 
and 12 in, stroke is inclined, and that the valve 
chest is not parallel to it, and is bolted on by 
two end bridge pieces which contain the steam 
The connecting rod is very short—three 
times the length of the crank—and to the underside 
of the crosshead is attached a guide working on a 
round bar, one end of which is fastened to the cy- 
linder and the other to the boiler by a bracket, One 
eccentric works the valve and pump, the latter being 
placed near the tank at the end of the boiler. The 
flywheel is 5 ft. 6 in, in diameter, and bolted to its 
ew is a wooden pulley 4ft. 10in. in diameter. 

f the performance of this engine we have spoken 
in noticing the Northampton show upon another 
pagef; [it was remarkable neither for efficiency or 
economy, but it must be remembered that the 
Society judges had strongly recommended the con- 
struction of an engine devoid of complication, and 
having the fewest possible number of parts liable to 
damage. To obtain sufficient power to drive a 
thrashing machine with an engine that could with 
some degree of safety be placed in the hands of the 
farm labourer, was considered of far greater im- 
portance than economy in consumption of fuel. In 
the report of the judges this engine is stated to have 
burnt 5 cwt. of coal a day, the length of day is not 
stated, but assuming it to be 12 hours the consump- 
tion would have been 46.8 lb. per hour. With the 
description of this machine we must conclude these 
very imperfect notes on steam power as applied to 
agricultural purposes. On another page we have 
reviewed in considerable detail the progress made in 
later times; our only object in this rw is to set 
on record a few facts upon its early history, which 
we believe will be read not without interest. 


Steam CULTIVATION. 

Three distinct epochs in agricultural progress 
mark the history of the Royal Agricultural Society 
since its inception in 1839—the practical application 
of portable engines, of mowing and reaping ma- 
chines, and, lastly, of steam cultivation. We have 
already given notes, more or less complete, of the 
first two, and it remains to refer to the last, the 
application of steam power to cultivation. Here, 
with the admirable report on steam ploughing, 

ublished in the J va of the Royal Agricultural 
Rociety, before us, and the equally admirable paper 
read by Mr. Baldwin Latham. before the Society of 
Engineers in 1868, our task will be less difficult. 
Though it was not until late in the day that steam 
ploughing engines and implements made their appear- 
ance in the show ground, they had a previous history 
dating far back in the past, and assuming a practical 
form at the beginning of the present century. 
Among the early and Utopian schemes which found 
their way into the Patent Office two hundred years 
ago, we find that of David Ramsay and Thomas 
Wildgoose (1618), who alleged that they had dis- 
covered ‘‘ new apte or commodious formes or kinde 
of engynes or instrumente” to plough and cultivate 
the ground ‘“ without horse or oxens.” Nine years 
later was granted protection to three other joint 
inventors having the same object, and who 
apparently intended to attach “‘an engyne or 
gynn” to a plough and work it by direct traction. 
David Ramsay took out two subsequent ——_ 
one in 1630, and the other in 1634, both designed 
to the application of power to cultivation. After 
this date, whatever may have been done by experi- 
mentalists, or dreamed of by schemers, nothing 
appears on record till March, 1749, when very 

recise claims were formulated by a Mr. Francis 
Riaove, who patented ‘‘New machines or engines 
made of wood, iron, brass, copper, or other metal, 
and constructed upon peculiar principles, and 
capable of being wrought or put in motion by fire, 
water, or air, with a small assistance of horses or 
manual labour; and which machines or engines 
upon repeated'trials he hath discovered to be very 
useful in agriculture. . . . and he bumbly conceives 
that the said machines or engines will be very use- 
ful to our subjects in tilling, improving, and culti- 
vating lands.” A sanguine letter published in the 
Leeds Mercury of the same year speaks in flattering 
tones of Moore's invention, “ which was to go with- 





out horses, and be applicable to plowing, harrowing, 





and every other branch of husbandry.” In 1808 
John Dumball filed a specification for an impossible 
machine, in which the. rotary motion imparted to a 
series of vanes by the ae bef — or heated air, 
sho ve gearing on the of the i and 
ive motion to the vehicle and the plough behind it, 
n the letters of Trevithick, 1811-15, we find many 
references to steam cultivation. Writing to Sir John 
Sinclair, he says: “It is my opinion that every 
part of agriculture might be performed with steam, 
carrying manure for the land, ploughing, harrowing, 
sowing, reaping, thrashing, and grinding; and all 
by the same machine, however large the estate. 

wo men would be sufficient to manage an engine 
capable of performing the work of 100 horses 
every 24 hours.” The writer proceeds to point 
out the advantage of this mode of cultivation, and 
that by its adoption our corn markets would be the 
cheapest in the world “ because there are scarcely 
any coals to be found except in England.’ In 1812 
Trevithick had sent drawings of a ploughing engine 
to Rastrick to have the castings made. ‘There 
apesene to be no information as to its design except 
that it was to be made ‘with boiler, wheels, and 
everything complete for ploughing and thrashing 
as shown in the drawing.” Designs were prepared 
by him in 1813 of what he called his steam spade 
tormentor, a cultivator of a very complete nature. 
It had a four-wheeled frame, and through spur and 
bevel gearing motion was given to a large wheel, 
whose axis lay at right angles to the carrying axles. 
This wheel, which was placed at the end of the 
frame, was armed with a number of digging blades, 
which broke up the ground as the machine was 
drawn over the field by the engine rope. A row 
of cultivating tines preceded the spade wheel, so as 
to break up the ground for it. The Pratt patent 
(1810), besides showing some impossible combina- 
tions, gives a drawing of an engine and drum, 
mounted on wheels, an anchor and drum, and an 
endless chain connecting the two, to which a six- 
furrow plough was attached, and drawn through 
the ground by the engine. W. and E. Chapman 
(1812) patented the use of a long rope laid upon 
the field to be ploughed, and fastened at each end, 
one turn being taken around a grooved pulley on 
the machine, which is drawn forward when the 
pulley was caused to rotate, This idea has been 
revived in several more modern patents, ‘Tindall’s 
idea (1814) was to employ steam on a vehicle to 
work four rigid legs at the rear, and so push it along, 
a plough, cultivator, scythe, &c., as may be required, 
being fastened to suitable framing. This appears, 

rhaps not unnaturally, to have been a favourite 
idea with patentees, and several specifications based 
upon it have been filed, as late, indeed, as 1852. 
Reynold (1816) showed a ploughing engine in which 
the boiler was slung, so that it may remain always 
horizontal in traversing uneven ground. 

Mr. John Heathcote, in connexion with Mr. Josiah 
Parkes, who obtained a patent in 1832, appears to 
have been the first to have seriously attempted steam 
cultivation in a practical manner. The system he 
proposed resembled that of Major Pratt, as he 
worked cultivators upon an endless rope passing 
around a drum on the engine, and another on the 
anchor at the ite side of the field. The 
traction engine e for these experiments was on 
quite a large scale, It was carried on four wheels 
mounted at the ends of the frame, which was wide 
enough to receive the drum at the side of the boiler. 
Between the main wheels were a number of small 
wheels, which helped to support the machine. ‘To 
enable the latter to travel over soft ground, endless 
webs of canvas with bars nailed to them at intervals 
passed along the whole length of the machine, and 
around the two pairs of driving wheels. In employ- 
ing this arrangement the engine travelled along the 
headland, and the anchor carriage was moveil for- 
ward at the same rate, the cultivator moving in the 
other direction on the endless rope between them, 
It would seem that some very fair work was done 
with these appliances, and the engine was able to 
travel over beggy land, but after considerable 
sums had been expended on it this idea was aban 
doned, 

The —_ of Henry Pinkus (1839) is un- 
doubtedly the most interesting and comprehensive 
of any taken out up to that time, and contained 
many suggestions in advance of the period, He 
contemplated both direct traction and rope cul- 


tivation, and he proposed that the farm or district 
upon which his system was adopted should be pro- 
vided with a central depét for producing the power 
which should be transmitted in different directions, 
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As the most convenient modes of transmitting power 
he proposed either compressed air or vacuum. In 
either case a large central reservoir was employed 
with underground wpipes ing from it to various 
suitable places, where they terminated either in 
small reservoirs, or in the manner of hydrants. The 
engine, whether a direct traction or working ropes 
and drum, was provided with a reel carrying a length 
of flexible pipe, one end of which was connected to 
the hydrant coupling, and the other to the cylinder 
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TREVITHICK’S HIGH-PRESSURE 
ENGINE, 1811. 


of the engine, and this pipe was rolled or unrolled 
according to the position of the engine. For level 
lands Mr, Pinkus preferred direct traction, but for 
hilly, irregular country “a roping system may be so 
*Pp ied on the steep inclinations of hilly lands, a 
well-known system of pulley, called the differential 
pulley, may be combined with the impelling 
engine.” The same inventor also specified the use of 
a mixture of gas and air in cl reservoirs, to be 
exploded in the cylinders of the engine, as a con- 
venient mode of obtaining power. In the same 
year Alexander M‘Rae proposed a system for the 
cultivation of flat lands. His drawing shows a haul- 
ing engine placed on a float in a canal running down 
one side of the land to be cultivated, and hauling on 
an endless rope passing round a drum placed on a 
second float in a canal on the opposite side 
of the field, His cultivator was attached to a 
rope, and hauled to and fro. The proposition of C. 
F. Stollenger (1841) to utilise the power of wind 
and waves for cultivation, does not call for con. 
sideration. Stace and Vallance also suggested the 
use of windmills (1844); in this patent we notice 
the first suggestion of a clip pulley. ‘The upper side 
of the pulley was rigid, the lower consisted of a 
number of jaws set radially on pins, and weighted 
on the inner side in such a way as to produce a 
fixed amount of grip on the rope. Sir J. C. Ander- 
mre tented a traction engine and cultivator 
attached. Upon a drum on this engine a chain was 
so placed that if the drum was caused to revolve it 
unwound itself on one part and wound itself up on 
another. The ends of the chain were moored to the 
ground by anchors at opposite sides of the field, and 
as the oscillating cylinder coupled to the drum caused 
the latter to turn, the engine with plough attached 











traversed over the ground until it reached an anchor, 
when the position of both were shifted, and the 
motion of the engine reversed. The same year T. 
J. Osborn pro the use of two engines provided 
with winding drums placed on opposite sides of the 
field, and running on temporary rails. These engines 
hauled one or more cultivators to and fro, and could 
also haul themselves along by drawing upon ropes 
anchored at the ends of the tracks, He also rein- 
stated M‘Rae’s idea of placing the engines and 
































could be raised or lowered according to whether 
work, or only lateral travel was desired; an endless 
belt or railway passed around the wheels at the end 
of the frame, and served as a track for the inter- 
mediate wheels; ploughshares at each end, and a 
revolving barrow driven by gearing, formed the 
cultivating instruments. Barratt’s cultivator (1847) 
was the precursor of a number of steam digging 
machines. His was entirely an unmechanical con- 
trivance, consisting of a traction engine with a long 























Fria. 34. TREVITHICK’S HIGH-PRESSURE ENGINE, 1811. 








F 
anchors on floats in canals or streams. Boydell 
took out his first patent for steam cultivation by 


direct traction in 1846. His system of endless self- 
laying railway attached to the wheels of the engine 
is too well known to need description here, but it 
may be remarked that in 1770, N. Z. Edge- 
worth had patented a _ similar - arrangement 
gr {to wheeled carriages. Sir J. S. Lillie 

so (1847) produced an endless railway, but he 
only contemplated its use on cultivating implements 
drawn to and fro by arope from a steam engine. 
He carried a long frame on two sets of wheels, one 
at right angles to the other, and either of which 





horizontal frame behind carrying two series of re- 
ae ades or mattocks, the first series of 
which opened up the surface for a depth of 10 in. 
and 12in., and the second about as much deeper. 
In Usher’s (1849) plough, we have a large revolv- 
ing drum with shares and coulters all around it, 
working on the engine frame in front of the smoke- 
box. Bethell’s (1852) formed an attachment to the 
rear of a portable engine, and was simply a re- 
volving harrow driven off the flywheel of the 
engine; Hoskyn’s (1853) embodied a similar idea, 
but on a heavier scale. The excavating wheel 
revolved in the engine frame, which was extended 
back far enough for the purpose, and it was driven 
by a pitched chain; an elevating screw regulated 
the depth of work. Romain’s cultivator (1855) 
sensation Usher’s with greater complication, and 
Rickett’s cultivator (1857) is an attachment to a 
traction engine consisting of a number of curved 
tines placed on a revolving shaft and driven by a 
pitched chain and gearing. Great hopes were enter- 
tained of some of these machines, which did fair 
work in the field under favourable conditions, but 
so many drawbacks attended their use, and indeed 
the system of direct traction cultivation, that the 
employment of a heavy engine to go over the field 
dragging a light cultivator with it, was abandoned 
almost Cates steam cultivation had entered upon 
the modern phase of its history. 

In this review comparatively few names stand out 
prominently as large and successful designers or 
manufacturers of steam-cultivating machinery, such 
as those of Fowler, Howard, Aveling and Porter, 
Smith, Fisken, &c., and it may be convenient before 
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tween. This engine and permanent way were 
placed at the head, or in the middle, of the field, 
and on the opposite side was a portable drum car- 
rier, the ropes or chains passing from this to a 


referring to the work done by such makers, to sum- 
marise the less important efforts made by others. 
In 1850 Lord Willoughby d’Eresby brought out a 
method something resembling that of Osborn. He 
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The plough frame was attached to the rope, and 
consisted of four ordinary single-furrow ploughs 
in an iron frame. If desired a similar arrangement 
of drum carrier, ropes, and ploughs could be 
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Fie. 37. Deran’s enaine, 1844, 
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Fic. 39. Tuxrorp’s ENGINE, 1842. 
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Fig. 41. 


employed a 26-horse power engine weighing 3} tons’ 
and running on temporary rails made of longitudinal 
beams, with angle irons bolted to them some little 

distance apart to allow of the wheels running be. | 





CAMBRIDGE’S ENGINE, 1847. 


double capstan underneath the engine. The length 
of chain was about 150 yards, and by an arrangement 
on the carrier it could be slacked out or tightened 
up enough to allow for irregularities in the ground, 














Fic. 40. CampBripce’s ENGINE, 1847, 


worked on the other side of the engine by the 
second capstan with which it was provided, Hal- 
kett (1855) proposed to divide the fields to be cul- 
tivated on his system by a series of permanent way 
tracks placed about 30 ft. apart, with three similar 
lines at the headland, Upon these tracks was 
placed a self-propelling carriage, with cultivators, 
which could be raised or lowered at will, while the 
travellers could be shifted from one track to another 
by the lines of railsat the headlands. In Williams's 
system (1855) a wheeled frame carried an engine, 
two winding drums, and the gearing necessary for 
driving and controlling them ; a drum iage was 
placed at the other side of the field. By means of 
the two drums to the engine, the implement could 
be worked in both directions, and the distance be- 
tween the furrows was regulated by means of a 
number of holes formed in the frame of an inde- 
pendent carriage at the side of the engine, and also 
in the frame of the drum carriage; by placing in 
these holes, at any desired interval, pins carrying 
pulleys, and passing the rope over them, the widths 
could be regulated at wi Porters for carrying 
the ropes clear of the ground are mentioned for the 
first time in Williams’s specification, In Lacy’s 
system (1855) two engines were employed in oppo- 
site corners of the field. One rope was con- 
nected with the two engines, being taken from the 
drum of one to an anchor at the headland, round the 
pulley of which it passed across the field to another 
anchor opposite, and thence down the headland to 
the second engine ; as the latter wound up the rope, 
the first engine paid it out until the attached im- 
plement reached the headland, and the tion 
was reversed, the positions of the anchors being of 
course shifted each time. In 1857, Edward Hayes 





obtained a patent for a windlass, intended to ob- 
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viate the necessity of stopping the engine when the 
cultivating implement was reversed. 

In 1859 Messrs. Collinson and Hall ted the 
uné of a single winding drum with continuous spiral 
grooves; this drum was by preference placed round 
the barrel of the boiler of the engine from which the 
power was derived. We believe that some apparatus 
on this curious principle was constructed. 

In 1861 Mesars. Savory patented the placing of 
the winding drum around the barrel of the boiler, 
an arrangement that had already been indicated by 
Messrs, Collinson and Hall. ‘The boiler was hori- 
zontal, and the engine was carried on framing at the 
end, the cylinders being vertical, and driving a hori- 
zontal crankshaft, ing along over the top of 
the boiler, and on the same axis. The drum was a 
broad ring of considerably larger diameter than the 
boiler, to which were bolted circular frames carry- 
ing rollers upon which the drum took its bearing 
and nner hg Motion was given to the drum by 
a pinion on the crankshaft working into an internal 
gear on the drum. Guide pulleys led the rope off 
the drum, and traversed with the rope along a bar. 
The engine was made self-propelling by means of 
a pitched chain. In working, two of these engines 
were employed, one on each headland; such a pair 
was shown in operation at the Reyal Society’s show 
in 1863, and did very good work in competition with 
Fowler and Howard. 

In 1864, Messrs. Colman and Morton specified a 
mode of steam cultivation ; they sugeyes two steam 
engines, one at each side of the field, to traverse the 
implement to and fro, both engines operating simul- 
taneously on the same rope. They employed two 
single and detached sets of implements, one 
attached to one part of an endless rope and the 
other to the other part. One implement traversed 
the field from the engine at the headland towards 
the middle of the field, while the other worked from 
the middle of the field towards the opposite side, 
and the traction was so arranged that while one im- 
plement was at work the other was traversing back 
to take up a position for a new advance. 

We now come to the consideration of the various 
inventions of Messrs. Fowler, Howard, and others, to 
whose continuous efforts the present marvellous de- 
velopment of steam cultivation is chiefly due. Mr. 
John Fowler appears to have taken out his two first 
patents in 1850 ; these referred chiefly to the applica- 
tion of steam power for working drain ploughs, and 
the system exhibited at the show of the Royal Agri- 
cultural Society held at Lincoln in 1854, received 
much commendation from the judges, who, in their 
report, recommended the subject of steam cultiva- 
tion to the special attention of engineers. Several 
important patents were taken out in the year 1856, 
the first on the 3rd of January by Mr. John Fowler 
for the combination of an engine and a double 
capstan for hauling ploughs. The capstan consisted 
of a pair of drums mounted on a two-wheeled frame, 
and so arranged that while one drum was winding 
up the rope, the other was unwinding it; from the 
drums the ropes ? oo over two guide pulleys, the 
— of which could be changed. e cultiva- 

g implement was worked backwards and forwards 
between the guide pulleys, which were shifted as the 


work advanced, the llth of January, Henry 
Smith s ed improvements in steam cultivation, 
of whi aps the most important part was the 


arrangement for turning the plough or reversing the 
engine. To effect this the ends of the rope were 
attached to the fore part of the plough by a drag or 
link of peculiar construction. In May, Messrs J. 
and F. Howard took out their first patent in con- 
nexion with this subject; it embodied the employ- 
ment of a number of turnwrest ploughs attached to 
a frame traversed by means of a rope passing over 
pulleys set at opposite corners of the field, and 
thence to the drums of the engine. The pulleys were 
shifted as the work advan The same year John 
Fowler patented a combined engine and winding 
drums on the same frame in such a way that the 
plough was moved by one rope, while the second 
was employed for shifting the engine and capstan 
from point to point along the headland. The same 
patent embodied certain new forms of anchors, and 
also the use of a rope anchored at each end, and 
along which the guide pulleys were caused to tra- 
verse. In July of the same year another patent was 


filed by the same inventor for “‘ giving motion to a 
plough or other tilling implement by means of an 
engine on a carriage with two winding drums 
mounted each on a vertical axis, such engine tra- 
versing on the headland as the work progresses, 
so as to draw a plough or tilling instrument in 





both directions.” ‘The engine worked both the drums, 
but while one was driven, the other was running free 
and unwinding its rope; in this case the engine 
could be either worked stationary, the rope passing 
round a fixed anchor across the field to the movable 
anchor, and thence back again to the engine, or it 
could be worked direct as mentioned above. The 
same patent included the combination of two engines 
on opposite sides of the field, each with a single 
horizontal drum, winding and unwinding a rope 
attached to a reversing plough or other implement, 
and it also comprised a new form of anchor having 
disc wheels that cut into the ground, and so formed 
sufficient resistance to the lateral traction of the rope. 
In 1857 Messrs. Fowler patented the arrangement 
of two upright drums geared together, ‘‘ these drums 
or barrels work one or more drums or —- fixed 
or anchored at a distance. The endless rope of 
wire or drawing tackle takes one or more turns 
round both the two upright drums or barrels, and 
around the pulley or drum at a distance.” It also 
included the attachment of a harrow or other im- 
plement to the plough in such a way as to operate 
on the ground turned over by the plough during 
its last traverse. 

In 1858, John Fowler specified his twin-system 
of cultivation ; in this he used two engines, each 
having two grooved drums ; the two engines were 
placed opposite to each other on the headlands and 
connected by an endless rope round the drums 
with two or three turns, the implement was attached 
to the rope and hauled backwards and forwards, the 
engines travelling forward as the work advanced, 
This system did not appear to work satisfactorily ; 
it was adopted by Lord Vernon, the engines fitted 
with clip pulleys instead of grooved drums. Al- 
lusion is made to this system in the report of the 
Royal Agricultural Society for 1867, where it is 
stated that the objection to it arose chiefly from the 
difficulty of obtaining absolute uniformity in work 
of the two engines. In 1858, the same firm ob- 
tained two other patents, one for removing the 
hind wheels of a portable engine on the ground, 
and allowing it to rest on the frame carry- 
ing the winding drum, the engine standing on its 
own wheels in front. The same specification in- 
cluded an arrangement for taking up the slack of the 
rope. The second patent referred to a means of 
turning the implements at the headlands ; to effect 
this the rope was attached near one of the hinder 
corners of the implement, and was led round the 
back and one side to the front, where it was held 
by a clutch; in turning the implement “the traction 
rope is released from the clutch, and it then in un- 
winding itself from the implement turns it half 
round, or has to reverse its position ready for the 
next traverse over the land; at the same time it 
winds the return rope partially round the implement, 
and when this is made fast in the clutch it is ready 
to become the traction rope.” Thesame patent in- 
cluded several novel arrangements of the winding 
drum. The clip drum, which has such a vast number 
of useful applications, other than agricultural, was 
patented by Messrs. Fowler in 1859, and formed a 
great advance in agricultural machinery. Thesame 

ear they also obtained a patent for improvements 
in steam ploughing, the chief pont of which referred 
to means of taking up the slack of the rope ; it also 
described “an engine having two drums mounted 
on it on horizontal axes, these drums being so con- 
structed that the hauling rope may be 
several times over them, and then be led away from 
them.” In 186] they introduced a new form of 
anchor, in which the disc wheels could be set at any 
desired angle to facilitate steering. The same year 
Messrs. J. and B. Howard specified improvements 
in steam cultivation, referring chiefly to a new wind. 
lass for use in the so-called roundabout system. 
In their specification they state ‘“‘ that hitherto it has 
been the practice, when throwing the winding drums 
out of gear, to use two distinct motions, the one for 
disengaging the driving pinions from the drum teeth, 
and the other for applying a brake to the released 
drum to prevent the too rapid running off of the 
rope. Now the object of this invention is to bring 
the brake into action on its drum simultaneously 
with throwing the drum out of gear with its driving 
pinion, and for this purpose the winding drums are 
mounted on eccentrics ugh which an axle passes 
loosely and is secured to the windlass frame ; the 
outer side of each drum carries a ring of teeth cut 
upon a projecting flange; into these teeth pinions 
respectively take, the shaft of these pinions has its 
bearing in brackets carried by the main axle and 
framework, from the inner side of each of these 








brackets project. brake-blocks, which project under 
the flange of the adjacent drum. Attached to the 
eccentric of each drum is a lever by means of which 
the eccentrics can be turned on their axis, which 
movement raises the drum teeth into gear with the 
driving pinion, or lowers the drum, and thus throws 
it out of gear ; as the drum is lowered the inner face 
of its flange comes in contact with the brake-block, 
and the et of the drum being thus thrown on 
the brake-block the requisite friction will be ob- 
tained.” This arrangement, ingenious as it was, 
did not work well, and was modified the following 
year by the introduction between the drums of a 
pair of revolving rollers so applied that in throwing 
‘the barrels in and out of gear that barrel which 
for the time is to give off the slack rope shall, when 
it fails out of gear, bear on its disc or roller ;” these 
rollers were placed in recesses cut in the adjacent ends 
of the drum, and when they were ‘‘ simultaneously in 
contact with their respective barrels (one being in con- 
tact with the inner and the other with the outer 
surface of their respective annular recesses), the 
driven barrel would cause the roller of the slack rope 
barrel to regulate the speed of its barrel, and allow 
it to rotate only at a given relative speed by reason 
of the friction of contact between this roller and 
the loose barrel.” 

In March, 1862, Messrs. Fowler patented, besides 
other improvements, a new windlass; the novelty con- 
sisted in placing guiding pulleys on a swing frame at- 
tached to the drum frame, these pulleys were enclosed 
in a small frame mounted on vertical pins around 
which it hada free movement ; by this means the rope 
could be led off from the windlass in any direction, 
the guiding pulleys being self-adjusting. Two 
more patents were filed by Messrs. Fowler during 
this year, the first for adapting the same engine to 
the work of ploughing and draining, the engine being 
fitted with two drums driven at different speeds, or 
one of the drums could be removed at pleasure. 
The second patent referred to a means for making 
the ordinary portable engine, locomotive, and adapt- 
ing it for cultivating purposes. 

The steam cultivating implements collected in the 
Museum at Kilburn call for special notice, which 
we will give here, although in doing so we may to 
some extent repeat ourselves, 

The late Mr. John Fowler preceded his work in 
the introduction of steam cultivation by the applica- 
tion of horse power to a rope coiled around a wind- 
lass anchored to the ground, with a drain plough 
attached to the rope. These early efforts were con- 
tinued for several years, and resulted, as stated 
already, in the application of steam power to the 
drain plough, and the substitution of iron wire for 
hemp rope. One of the original draining ploughs 
made by Mr. John Fowler in 1853 is shown at 
Kilburn. The frame is chiefly of wrought iron, and 
the mole and coulter are raised and lowered by a 
rack and pinion. It is mounted on four wheels, the 
front pair of which are connected with a steering 
lever. The working depth is 3ft. Gin. His first 
patent relating to this operation was taken out in 
1853, and the oper was exhibited at Lincoln on 
the show ground of the Royal Agricultural Society 
during their meeting of 1854. Extending from this 
small commencement, and working in connexion 
with Mr, Smith, of Woolston, Mr. Fowler entered 
upon the designing of steam ploughing machinery. 

he first system elaborated in 1855 was worked on 
the roundabout method, with a portable engine and 
a fixed windlass. The implement was worked from 
the engine crankshaft by means of ropes running in 
grooved pulleys, and afterwards by belting; in the 
corners of the field, anchors and snatch-blocks were 
fixed. ‘The implement used during these experiments 
was the Smith cultivator, which is now to be seen 
amongst the collection of historical implements at 
Kilburn. lt is a three-tine implement, and the 

lace of attachment for the rope is a bow on the 

ront of the frame. No arrangement was provided 
for raising the tines, and it could not work to any 
great depth. For light work, implements of this 
class have had considerable demand, and have 
done very good service. 

The first Fowler balance plough made ita appear- 
ance in April, 1856, and is also shown at Kilburn. 
It has a wooden frame with two straight timber 
beams attached to a central body connected with the 
on of wheels on which the implement travels. 

his body carries the fulcrum for the two sides of 
the plough, two central steering wheels, and a pair 
of drums to which the ends of the rope are attached, 
and constituting the slack gear, which transmit the 
strain produced by the hauling rope to the tail rope, 
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throwing a certain pull on the latter, and main- 
taining the proper length and tightness. This 

lough was exhibited in action at Chelmsford and 
Paris in 1856, and was worked on the roundabout 
system. Several important modifications had been 
introduced into this method. The rope was laid in 
arectangle, instead of triangularly; horizontal drums 
were substituted for the vertical ones, and self- 
moving anchors instead of the older and cruder 
forms. All these early implements were manufac- 
tured by Messrs. Ransomes, Sims, and Co., of 
Ipswich, who, if they did not themselves prosecute 
the introduction of steam cultivating machinery, 
were the first and most successful manufacturers of 
it. The firm was equally concerned in the manufac- 
ture of ploughing engines. One of Mr. Fowler’s first 
ideas, as we have seen, in noticing his arrangement of 
1856, was to make the engine and drum travel by 
winding itself round a fixed rope, and carry the 
plough with it. In the same year the engine and 
windlass were combined, and the machine was fixed 
on the headland while it hauled the plough, In 
1857 the first self-moving engine with two drums 
was made for Mr. Fowler. This engine, which is 
now on the show ground, was exhibited at the 
Salisbury meeting of the Royal Agricultural Society 
in 1857. ‘This machine worked along the headland 
with an anchor travelling on the — side, and 
hauled the implement to and fro. e machine, as 
it now stands, is very different to when it was made. 
It has wooden wheels driven by a pitched chain on 
the left-hand side. On the other side an iron arm 
is attached to the driving axle and to the rim of the 
wheel, so as to relieve the wooden spokes from the 
strain that would be thrown upon them in driving. 
As first made it had two horizontal smooth drums 
under the boiler, and on the right-hand side of the 
smokebox is a small vertical drum for carrying the 
headland rope, by means of which it made itself ad- 
vance, This drum is driven by a worm on the same 
vertical shaft that transmits the motion to the main 
drum, The small drum can be thrown out of gear 
with the driving worm. This machine, which was 
purchased by Mr. Henry Pye, of Rochester, had, 
as above stated. two smooth drums, which were 
afterwards changed for grooved drums. This was 
done in 1858. ‘This alteration reduced the weight 
2} tons, and enabled the system of working with an 
endless rope to be adopted. The following year 
Messrs. Hunter and English removed the two drums 
and substituted three, the middle one only being 
driven by the engine. Finally, in 1861, the drums 
were replaced by the clip pulley, and this is the 
last alteration of importance that has been done. 
The engine has two cylinders, One of the earliest 
types of the Fowler windlass is to be seen in the 
Museum at Kilburn. It was made in 1857 by Mr. 
Butlin, of Northampton, and was used for working 
the roundabout system, the old forms of claw anchors 
and snatch-blocks being employed with it. Thisim-. 
plement was shifted from place to place by horses, 
and was held in position by anchors and chains, 
The framing carried two vertical drums driven 
by pinions running on a top shaft, and actuated by 
a pulley and belt from the flywheel of the engine. 
A brake is provided for each drum to prevent the 
slack rope running out too quickly. Of a later date 
is the Fowler windlass shown, and made in 1862. In 
this arrangement the two intermediate shafts above 
the drums, which are placed vertically, are geared to 
these drums by means of pinions, and in such a 
manner that when one drum is coiling up the rope, 
it throws a friction strap on to the adjacent drum, 
which retards its motion so as to throw a strain on 
the tail rope, the tension being transmitted to the 
working drum and assisting to drive it. The col- 
lection of the early exhibits comprises finally the 
first balanced cultivator made by Messrs. John 
Fowler and Co., in 1863. It is in almost all — 
of construction similar to the balanced plough already 
noticed, the slack gear, steering arrangement, &c., 
being the same. It is, however, fitted with tines 
instead of shares, 

In 1863, Messrs. Howard, who also show a good 
collection of Smith cultivating implements in 
the Museum, filed a specification for a locomo- 
tive engine for working cultivating apparatus, 
and the following year they patented a system of 
twin-engine cultivation. In 1865 they filed a descrip- 
tion of another agricultural engine, and in 1866 they 

tented their so-called ‘double double system.” 

this system two engines and two sets of imple- 
ments are used, engine carries two winding 


drums at opposite ends of the frames, driven by in- 
dependent gearing, so that the movement of one is 





not affected by the other, and one or both sets of 
implements may be worked independently. The 
report of the Committee of the Royal Agricultural 
Society refers to this system in a very favourable 
manner. In 1868 the Fowler system in use was 
that already referred to of his s engines of 7 or 
8 horse power each, traversing the oe head - 
lands, and hauling the cultivating implement to and 
fro by an endless are — around the clip 
drums of each engine, both of which hauled simul - 
taneously, one serving as an anchor to the other. 
The ropes first employed were of iron wire, but 
these wore out after a service of about 200 acres, 
equivalent to 750 miles, and costing 1s. 7d. per mile. 
Steel ropes were introduced in 1857, aud the duty 
of these was increased by 1866 to 9000 miles, the 
cost being reduced to about 2}d. per mile. The 
size used was j}in.in diameter, the weight 2 lb. per 
foot, and the cost about 2s. per yard. At the Royal 
Society show at Newcastle in 1864, a pair of en- 
gines like those mentioned ploughed 8 acres in 
10 hours, with a consumption of 188 lb. of fuel per 
acre, and turning 6}. in furrows. The cost of the 
plant was 11401. Some time before this quite a 
number of companies had been formed for the hiring 
out of steam cultivating and other agricultural ma- 
chinery. The earliest one was founded at Wake- 
field in 1862, under the title of the West Riding 
Steam Ploughing Company. A second was the 
Whitchurch Company in — (1863). About 
1866 this association was cultivating land 12 in. 
deep for 12s. an acre, 9 in. deep for 10s., and 7 in. 
for 8s. per acre. The Fowler tackle worked by this 
company did 14 and 2 acres per hour. Somewhat 
later steam cultivation attracted considerable at- 
tention in the United States, and a company was 
started in Chicago with a capital of half a million of 
dollars. 
Of the results obtained in 1868, with the Smith 
system of cultivation, that gentleman wrote that 
during that year he completed his thirteenth season 
of steam culture, breaking up stubble for 4s. 6d. per 
acre, ridging and subsoiling for 10s. 6d. per acre, 
and ploughing from 6 in. to 12in. at 8s. 6d. per acre, 
By this time much development had taken place; 
the advantages of steam, as compared with horse 
cultivation, were universally acknowledged, and im- 
—— were not only accepted, but eagerly 
ooked for. Engines were better made, and of 
greatly increased power, working up to 100 indicated 
horse power, capable of hauling six and eight- 
furrow ploughs or cultivators 12 ft. to, 15 ft. wide 
at a rate of four miles an hour, while the modifica- 
tions then recently introduced by Messrs. Fowler 
reduced the loss of time in turning at the headlands 
to about five seconds for each operation. Steel and 
wroughtiron were being introduced as far as possible 
into the better class of engines for shafting, gearing, 
brackets, &c. The result of these improvements 
was a removal of one of the great difficulties that 
had hitherto attended the use of steam power on the 
field—frequent breakdowns, causing delay and 
damage, of more importance than the advantages to 
be derived from the system. In 1868 Messrs. 
Fowler brought out a ploughing engine with a 
winding drum on the front end of the frame pro- 
jecting beyond the smokebox, the large wheels 
eing placed in front, and the steering wheel behind; 
the advantage claimed for this arrangement was that 
the drum was left very clear, and the rope could be 
led from it through a very wide angle. The culti- 
vators and harrows used at this time were up to 15 ft. 
or 16 ft. in width; the standard type of the former 
was carried on three wheels, a pair near the hind end 
and a steering wheel in front, which could be turned 
in any direction, or locked in any position by the 
man riding on the implement, The turning 
of the implement at the headland was cifected as 
follows: ‘The ends of the two ropes were attached 
to the extremities of a horizontal lever turning on a 
stud near the middle of the frame, From the end of 
the same lever a chain led to an underframe, by 
hauling on which, the tines could be lifted. A 
jointed lever on each side of the frame carried guide 
pulleys supporting the tail rope. On approaching 
the eotiant the implement was steered obliquely 
towards the side of the tailrope, which slackened, 
and the arm fell into a horizontal — and the 
tail rope was thrown clear of the a ement, The en. 
ine on the opposite side of the field was then started 
uling up the tail rope, which, acting through the 
horizontal lever, raised the tines and then turned the 
implement ; when this had been effected the former 
hauling rope became the tail rope, and the drag raised 





the guide pulley lever into a vertical position. In 1868 


Messrs. J, and F. Howard brought out a new form 
of traction engine, in which, however, they retained 
the arrangement of transverse boiler already referred 
to. The engine was entirely distinct from the boiler, 
and carried on a wrought-iron frame extending its 
whole length. The cylinders were placed under the 
smokebox, the crankshaft running longitudinally, 
and the — being placed at the rear end of the 
engine, Bevel gear was introduced to give motion 
to the ae wheels, but the two drums were 
driven direct from the shaft by pinions and spur 
wheels, There was no arrangement for reversing, 
as the engine was always run in one direction, the 
drums being reversed by clutches controlled by two 
levers, These engines were devised either for work- 
ing on the double-engine, roundabout, or single- 
engine direct system. 
(To be continued.) 





THE ROYAL AGRICULTURAL SOCIETY. 

Tue Royal Agricultural Society of England, a 
comparatively modern Institution, had its prototype 
in the Board of Agriculture, This Board, esta- 
blished in 1793 by Sir John Sinclair, obtained a 
charter from George III., accompanied by an annual 
Parliamentary grant. Although of considerable 
practical value to the agricultural interests of the 
country, the influence it essed was diverted into 
improper channels, until it developed into little else 
but a political club. Twenty-five years after its 
formation the Government subsidy was withdrawn, 
and, failing this support, and the necessary cohesion 
for the maintenance of such an institution, it became 
defunct in1817. The Highland Agricultural Society 
had been founded in 1723, and being strictly con- 
fined within its proper limits became uuktiee It 
was not until 1834 that the question of establishing 
a national institution for the advancement of agri- 
cultural interests was reopened. The matter was 
taken up warmly by the Duke of Richmond, Earl 
Spencer, Mr, W. Shaw, and other leading agricul- 
turists, and at the annual dinner of the Smithfield 
Club, held December 11, 1838, the establishment of 
an agricultural society was suggested. On the 9th 
of May following an influential and crowded meet- 
ing was held at the Freemasons’ Tavern, under the 
presidency of Ear! Spencer, and it was then resolyed 
that a Society for the Improvement of Agriculture 
in England and Wales should be founded, and be 
called the English Royal Agricultural Society. 
Three leading characteristics of the Institution were 
settled at this meeting: 1st, that the Society should 
be purely agricultural, and that no political question 
or interests should be pennies ; Qnd, that it 
should comprise two classes, to be known as gover- 
nors and members; 3rd, that annual meetings 
should be held in different parts of the country, 
and that farmers and manufacturers should be in- 
vited to exhibit on these occasions stock, implements, 
and other objects connected with agriculture, At 
this meeting 265 members were enrolled on the lists 
of the Society; the first annual report appeared on 
the 22nd of May, 1839, at which date <a were 
230 governors and 834 members; the second report 
was published in December of the same year, at 
which date the property of the Society consisted of 
4000/. in the funds, and an income of 2666/. from 
subscriptions ; in this report, premiums having a col- 
lective value of 1000 guineas were offered to com- 
petin, exhibitors at the show of the following year, 
Ihe Society obtained a Royal charter on the 26th 
March, 1840, and the bye-laws forming the consti- 
tution of the Society were framed on the 6th of 


y: 

Under the presidency of the Duke of Richmond, 
the first annual show was held at Oxford in July, 
1839 ; comparatively few entries were made for this 
show, and, as may be expected, the numbers of im- 
plements exhibited were limited, and their nature 
somewhat crude; of the numerous manufacturers 
with whose names all the world is familiar to-day, 
only two appear on the lists for 1839: Messrs, Ran- 
some and Co., of Ipswich; and Garrett and Sons, 
of Leiston, The Ransome firm long before that date 
were celebrated for the extent of their works and the 
erfection their implements, and they contributed no 
ess than six tons of machines, consisting chiefly of 
ploughs and other implements of tillage. To them was 
awarded the gold medal provided by the Society for 
exhibitors of exceptional merit, and another pre- 
mium was alloted to an exhibitor from Jersey, who 
contributed a potato-digger. Messrs, Garrett and 
Sons showed a thrashing machine specially com- 





mended for its high rate of delivery, as it thrashed 





552 ENGINEERING. [Jone 27, 1879. 








MACHINERY FOR MAKING BUTTER KEGS AT THE KILBURN SHOW. 
CONSTRUCTED BY MESSRS. ALLEN RANSOME AND CO., ENGINEERS, CHELSEA. 
(For Description, see Page 569.) 

















































































































































































































Jone 27, 1879.] 


ENGINEERING. 


553° 








MACHINERY FOR MAKING BUTTER KEGS AT THE KILBURN SHOW. 
CONSTRUCTED BY MESSRS. ALLEN RANSOME AND CO.. ENGINEERS, CHELSEA. 


(For Description, see Page 569.) 





rig. § 




















; 
u 
\ 
































Pig. 70. © 
, 9 
err: ° 
ee, - 2 a. 

















L 


cnnninill 1 









































oe S 


dh 1 











from forty to fifty quarters of wheat per day, and 
they also showed some drills of a new and im- 
proved construction. ‘The second meeting, held at 
Cambridge, July, 1840, appears to have been devoid 
of any feature of special interest, but the liberal 
grant authorised in the December of the preceding 
year justified the distribution of numerous prizes 
for miscellaneous implements, including a gorse- 
crushing machine. At the end of 1841] there were 
over 5000 members in the Society, including Prince 
Albert, who joined it in that year. A remarkable 
progress was made at the Liverpool meeting of 1841, 
about nine times as many exhibitors being present 
as at the Cambridge show of the previous year. On 
this occasion, too, we find many familiar names, 
Ransome’s, of course, Hornsby, Howard, Garrett’s, 
Smyth, and others. The first and third prizes for 
ploughs were awarded toa Mr. Wilkie, of Uddington, 
near Glasgow, while Ransome took the second place, 
and Howard, of Bedford, also received prizes, 
Hornsby, Garrett, and Smyth divided the awards 
for drills, This meeting is remarkable as having been 
the first at which a portable steam engine for agri- 
cultural purposes was exhibited. It was shown by 
Messrs. akene and Co., of Ipswich, and was built 
by them under the patent of Davies, of Birming- 
ham, It was a rotary engine on a system to intro- 
duce which, much trouble and money were expended, 
but which never did much useful work, and which 
has long since been consigned to oblivion. Still 
this exhibit attracted much attention at the show, 
and the judges recorded their opinion of it as 
follows: ‘‘This engine has but one moving Pans 
and that of such simple construction and uniform 
action as to be liable to little depreciation from wear 
andtear. Ithas no beam, flywheel, parallel motion, 
guide-rods, condenser, air-pump, or other intricate 
mechanism, subject to derangement in work, or to 
accident in travelling over uneven country roads or 
fields ; nor is its weight an impediment; the engine 
and boiler are five-horse power, with its carriage on 
a pair of wheels not exceeding 35cwt.; by the 


peculiar construction of the boiler, and method of 
disposing of the waste steam, danger of ignition 
from sparks seems to be avoided, and the judges 
confidently expressed their opinion that with pru- 
dence, as great safety may be experienced in the use 
of this portable thrashing engine in the stock-yard 
as is now found to be the case with a fixed engine in 
the barn.” A series of trials with ploughs were 
conducted at this show, nineteen makers competing, 
only a few of which are now known, the resulis 
obtained by Ransome and Howard, were as follows: 

















Number of Farrow. 
Maker. ‘toe Wheels. |Depth. Width. Draught. 
in. in. lb. 
Ransome 2 2 5 1 392 
oward ... 2 2 5 1l 392 














‘The draught of the other competing ploughs for 
the same sized furrow varied from 450 lb. to 560 lb. 
Besides ploughs, Messrs, Howard, of Bedford, 
showed for the first time their patented system of 
wrought-iron harrows. Finally, we mention the 
first steam thrashing machine trials conducted by 
the Society, the object being to discover the relative 
advantages of thrashing by hand and by steam ; the 
competitors were in this instance Lord Ducie and 
Messrs. Ransome. The results obtained were as 
follows : 











Namber of ” Men hin 
saa a Time. _ Employed. Mac’ e. 
min. sec.| Ib. |’ 
20 22 40 | 106 2 Lord Ducie. 
20 11 20) 103 4 Ransome. 
245 23 30 |1260) = 24 Steam thrashing. 














‘The consumption of fuel by the engine employed 
was a} cwt. of coke per hour, the engine develop- 
ing about horse power. . 





At the Bristol meeting of 1842 we find Messrs, 
Crosskill, of Beverley, exhibiting for the firat time a 
variety of instruments. Messrs, Ransome and Co, 
also contributed largely and received a special prize 
of 30/. for their portable agricultural locomotive, 
which had received certain modifications since the 
Saye oe year. Besides them three other engines 
or driving implements came to this show, The 
rotary disc engine by Ransome was mounted on a 
four-wheeled instead of a two-wheeled carriage, the 
platform of which was large enough to carry a 
thrashing machine. ‘The road wheels were also 
geared to the engine, so that the latter propelled 
the whole apparatus along the road ata speed of 
five or six miles an hour, The Disc Engine Com- 
pany, of Birmingham, exhibited a fixed machine. 
Cambridge, of Market-Lavington, exhibited a port- 
able on four wheels, with oscillating cylinders and 
an alleged power of four horses, This engine was 
coupled up to a thrashing machine by the same 
maker, Alexander Dean, of Birmingham, conspicu- 
ous in several subsequent shows, sent for the first 
time a portable engine driving a flour mill. A competi- 
tive trial was instituted between the Ransome and 
Cambridge engines, both satisfying the judges who 
awarded the second prize to Cambridge. In re- 
ference to the self-propelling arrangement on the 
Ransome engine, the judges in their report said: 
‘They consider it questionable whether the sub- 
stitution of steam for horses as the force employed 
to move agricultural steam engines from p to 
place will be found either more convenient or eco. 
nomical.” At this show an American machine 
appeared for the first time, Worth’s chaff-cutter, 
manufactured by Messrs. Richmond and Co., of 
Salford, 

The following analysis of the Derby meeting of 
1843 will give an idea of the extent to which the 
Society shows had by this time developed. 








Number of| Number of| Number of 
Implements. Articles, |Exhibitors.| Prizes. 

Ploughs ... 148 41 7 
Harrows .. ooo inde 81 24 5 
Drills, &c. ése nai 61 24 10 
Haymakers. ... a 4 2 1 
Horse rakes... a 7 9 

Steam engines ... ‘ie 6 2 2 
Thrashing machines ... 15 6 














Of thesix steam engines three were self-propelling ; 
respecting them the following appears in the official 
report: ‘“*The judges may now report that the manu- 
facture and use of travelling steam engines is become 
a systematised business. In Lincolnshire steam 
engines, both fixed and portable, are becoming 

eneral on large farms; they are also let for hire. 

e charge made for thrashing is necessarily 
dependent on the quantity of grain capable of being 
thrashed out in a given time, and whether the straw 
has been reaped or mown.” The use of steam on 
the farm, whether as a part of the agricultural plant 
or for only temporary uses, was so far recognised at 
this date that the insurance companies had a tariff of 
3 per cent, instead of 2 per cent, on farms using 
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such power. Standard rates of hire were also re- 
cognised, ranging from 1s. to ls. 3d. per quarter of 
wheat or barley thrashed ; this price including the 
wages of the engineer and thrashing machine feeder, 
while the farmer provided fuel and extra labour. 
From these facts it will be seen that the exhibits of 
portable engines at the Royal Society shows did not 
afford a fair means of judging the position of this 
special industry, and, in fact, more than one manu- 
facturer had at that date been for some time profitably 
engaged in the manufacture and sale of agricultural 
instruments. This Derby meeting was also noticeable 
on account of a thrashing machine exhibited by 
Messrs. Ransome and Co,, in which the grain was 
fed in horizontally instead of at an angle, and from 
which the straw was delivered flat and unbroken. 
Probably, copying also from the thrashing machine 
already alluded to as being at work on Lord Ducie’s 
model farm, the implement was provided with 
shakers. Messrs, Ransome received the Society’s 
gold medal for this machine. The judges also 
strongly recommended a hand fire engine, which 
could, by the aid of four men, throw 20 gallons of 
water per minute to a distance of 60 ft. 

The Southampton meeting in 1844 was well 
attended by exhibitors, ‘The manufacturers of agri- 
cultural implements, now rapidly growing in numbers 
and importance, began to realise the value of these 
annual gatherings, not only as bringing special 
opportunities for business, but also as affording 
valuable occasion for examining and comparing their 
products with those of their rivals. Moreover, some 
of the competitive trials began about this date to 
be conducted with thoroughness and care, and weak 
points in the various implements tried were brought 
out in strong relief by the judges, to the great 
benefit of the exhibitors, as evidenced by the im- 
provements effected from year to year. The gold 
medals and other prizes awarded by the Society, 
were at that time highly valued and eagerly sought 
after by the competitors, for international exhibi- 
tions and a multitude of other shows had not made 
of medals such cheap distinctions as they are now. 
On the other hand, farmers and other purchasers of 
implements also benefitted greatly by the stimulus 
thus imparted to the development of manufacture, 
and by having collected for their inspection imple- 
ments from all parts of the country. At the South- 
ampton meeting an increased number of thrashing 
machines was shown, but none of them possessed 
sufficient merits or points of novelty to justify the 
award of a premium, The judges however com- 
mended very strongly a thrashing floor, which was 
perforated to let the corn driven out by the flail 
pass through. It may be observed that there was 
no novelty in this idea, Only four steam engines 
were exhibited. Of these two—one by Cambridge 
and the other by Dean of Birmingham—entered 
into competitive trial, which gave no good results. 
‘The judges, however, awarded a premium of 5/. to 
Cambridge, but they reported that the consumption 
of fuel was twice as much as had been guaranteed 
by the maker. Dean’s engine, they found, was not 
only highly inefficient, but extremely dangerous. 
In their report the judges expressed the hope ‘that 
the Society will offer a prize of such importance for 
steam engines as to bring out something better than 
appeared at the show of Southampton, now that 
they are of such acknowledged importance to agri- 
culture.” For the first time anything like a practical 
display of machines for making drain pipes and tiles 
found a place at this show—thirteen machines were 
shown by seven exhibitors. Of these, three only 
appear to have been tried, two of them machines 
made by Messrs. Ransome and Co, under the patent 
of a Mr, Etheridge, and the other one by Clayton. 
Machines by this last-named maker were at that 
early date quite largely used, and each one could 
turn out 25,000 pipes per day 1 ft. long and 1} in. 
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TRIALS OF THRASHING MACHINES AT THE NORTHAMPTON SHow, 1847. 
j } 
; | Horse .. | Time of| No. of . . | 
iS Maker. Power. | Etic®: | ‘Trial. Fda Quality.  |State of Grain. | State of Straw. 
£ m. sec. 

1/Crosskill ... ves 4 54.5 3 22 50 |Notquiteclean.|A little broken. Broken. 
2 Hornsby eee ee 6 90 2 55 50 ” ” ” 
3 - at 6 42 2 45 50 Quite clean. a Not much broken. 
4|Knight 4 69 3 38 50 Not clean. Broken. Very much broken. 
5|Grasby ne dan 6 95 3 0 50 pa pA Broken. 
6|Garrett ... on 4 60.5 4 0; 50 Clean. Little broken. Not broken. 
7\|Forrester ... ae 2 47.5 10 0 50 ae - oA 
SiLongdale .., evo} 4 65 4 40 50 pe a Greatly bruised. 

1. Very hard work for four horses. 

2. Rather hard for four horses. 

8. Good work, but very hard on the horses. The same remark applies to Nos. 4 and 5. 

6. Good work, and easy for the horses. 

7. Excellent work produced, and commended by the judges. 

8. Good work, but hard for the horses. 


of 1845. On this occasion the Etheridge machine 
did not compete, and the trial lay between Clayton 
and Scraggs of Calverley, Cheshire, to whom the 
prize was awarded. Pipe-making machines were 
not _—— of recent introduction at that date, 
but they had been but little employed, probably on 
account of their limited powers of production. In 
1800, a Mr. Richard Glover, of Ludlow in Shrop- 
shire, made and sold screw presses for forming pipes; 
some of these machines made the pipes in lengths 
of 28 in. and three, four, or six at once, according 
to the diameter, which were 3in., 2 in., and 1} in, 
In 1806 the industry was practised in Lincolnshire, 
but these pipes were made tapering so as to fit into 
one another. In 1817, Robert Henry, of Epping, 
patented a machine for producing pipes pierced with 
small holes around their surface for facilitating 
drainage. Later on (1826) Wedgwood made 
porcelain pipes at Etruria, first for carrying water 
for domestic purposes, and afterwards for drainage. 
At the Shrewsbury show, Lord Ducie took the 
10/. prize for a thrashing machine. The implement 
he exhibited was built by Parsons and Clyburn, and 
possessed many points of superiority over the im- 
plement already referred to as being in his model 
farm (1842). This thrashing machine was an 
approximation to a good finishing implement, as it 
cleaned the grain and sacked it. Only two steam 
engines were exhibited, one by Dean and the other 
by Cambridge, and the former appears to have 
profited by the strictures of the judges, since he 
received considerable commendation for his exhibit 
—a so-called four horse power portable. ‘The trials 
of implements of tillage, ploughs, cultivators, &c., 
as well as of drills, were very carefully carried out. 
It is worthy of note, also, that Messrs Ransome and 
Co., who generally took the foremost place on 
these occasions, made a very limited show at 
Shrewsbury, and took no prizes. 

The meeting of 1846 was not successful. It was 
held at Newcastle-on-Tyne, a situation too remote 
for the convenience of manufacturers, most of whom 
were located in the southern and eastern counties. 
Prizes were awarded for tillage implements, trials of 
which were made as usual, On this occasion Howard 
received the first prize for ploughs, and Hornsby for 
drills. The gold medal was given to Crosskill, of 
Beverley, for his improved clod crusher, which had 
appeared at the several previous shows in different 
stages of advancement. 

The Crosskill firm had commenced the manu- 
facture of crushers and rollers in 1823. In the 
earlier forms made by them, they employed a 
number of thin serrated discs mounted on square 
axles, so that in travelling, the roller turned as 
if of one piece. His patent for the improved 
implement is dated 1842; the improvement con- 
sisted in substituting a round for the square 
axle, on which were placed a series of serrated 
discs, in pairs, one of which fitted the axle closely, 
while the hole in the other was half an inch larger 





in diameter. Pipes of the same length, but of 1 in. 
bore, were sold at that time for 12s. thousand 
Eighteen months before such pipes had realised 


from 18s. to 22s. per 1000. ‘This was half the price 
the drain tiles then generally used were worth. In 
the machine exhibited by Clayton at Southampton, 
an arrangement for cutting the pipes to gauge was 
added as well as an appliance for producing tapering 
socket joints. The prize for these machines was 
awarded to Etheridge, although he was only able to 
produce 804 pipes perhour. The clay provided for 
the trials was, it appears, too moist for working 
properly in the Clayton machine. 

ese competitive trials of pipe-making ma- 
chines, which attracted considerable interest at 
the time, were renewed at the Shrewsbury show 





in diameter than the axle. By this arrangement 
the crusher produced a much more varied and useful 
effect than could be attained by a rigid structure. 
The roller with the square axle was first shown 
at Cambridge in 1840, and that with the round 
axle at Derby, 1843; a prize was allotted to it at 
Southampton, and another at Shrewsbury in 1845. 

The meeting of the following year (1847) was held 
at Northampton, where a very number of en- 
tries was made, The following list shows the gradual 
mom of these annual shows since the commence- 
men 


1839 Oxford 23 Exhibitors. 
1840 Cambri oe 
1841 Li 312 





” 


1842 Bristol 455 Exhibitors. 
1843 Derby 508 ie 

1844 Southampton 948 aa 
1845 Shrewsbury 942 99 

1846 Newcastle 735 a 

1847 Northampton 1321 


The number of members during the last-named 
year had increased to 6391. The exhibition of por- 
table engines attracted considerable interest at this 
show, and seven were entered for the first trial of 
the sort carried out on the Society’s show ground, 
The premium awarded for the best of the class had 
been increased in accordance with the suggestion 
of the judges to 50/7. Although of no actual value 
even for comparison, the tabulated statement of the 
performances of these engines will be found of in- 





























terest. It is as follows: 
Performances of Portable Engines at the Northampton 
Show, 1847. 
3 = a 
Es a (8 
De] . |B 8S ig 
° 1818 & |a 
Maker’sName. (|€ | 3 | & | ae ee 
oe |S [Sg 
ES Ay 7 s 8 bet 
ao Hlés| ¢| 8 l48 
az\£| 3 22/2) 6 [ee 
Sil é g8|&)4 lee 
cwt. Ib. £& |min. 
Ogg, Northampton* ...| 5 | 5 | 50/ 80) 200) 8 | 94 
Barrettand Ashton,Hull} 6/| 5 | 45 | 90] 189) 8 | 84 
Cambridget_... «| 5 | 4] 72 | 110] 140) 10 |209 
Hornsbyft | Z| 6 | 40 | 100) 245) 7 140 
Bloxon ... oie wl 6 | 5] 65 | 120) 160; 8 | 83 
Ryland and Dean «| 5| 6] 50 | 90) 300) 10 /193 
Johnson ... exe «| 11] 6] 50 80 a6 5 | 80 








* This engine was intended to work a chaff-cutting 
engine also, but this had to be detached as there was not 
sufficient power. 

+ This engine is described as being of simple construc- 
tion, worked with pressure of 60 lb. to 681b., and 160 revo- 
lutions per minute. 

t Described as a very complete engine, regulated by a 
governor and worked by 401b. steam, at about 100 revolu- 
tions per minute. 

Attached to the Table is the following note, 
‘* The judges had no proper means of measuring the 
powers of the engines which were tried, and there- 
fore judged as well as they could.” The 50/. prize 
was awarded to Cambridge, whose engine is de- 
scribed as having been considerably modified since 
it was shown at Newcastle, when the cylinder 
was placed inside the boiler, and all the moving 
parts were very inaccessible. In this prize 
engine the cylinder was placed outside, and the 
moving parts were much better arranged. The 
boiler of Ogg’s engine was provided with a feed- 
water heater. This prize engine thrashed 209 
sheaves in ten minutes, or 20.9 sheaves per minute, 
with a consumption at the rate of 560 Ib. of fuel 

r day, or at least 48 1b. per hour. Trevithick’s De 

unstanville engine of 1812, thrashed 1500 sheaves 
in 90 minutes, or 16.6 sheaves per minute, with a 
consumption of about 30 lb. of coal per hour. The 
price of Cambridge’s engine was 140/. that of Trevi- 
thick’s was 80/. So that as far as economical work- 
ing and first cost were concerned, the movement 
made during thirty-five years in this particular 
direction had been backwards instead of forwards. 
Eight thrashing machines were tried at this show 
under the conditions prescribed by the judges. 
Makers wishing to compete had to state the number 
of revolutions per minute and the power required 
toturn the drum, The maximum number of turns 
for the horse was limited to 30 per minute, 
and 24 Ib, was allowed for friction in working ma- 
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chine. ‘The limiting speed was 220 ft. per minute, 
and the maximum power 168 lb. . Of the eight 
competing machines, Garrett’s and Hornsby’s ran so 
close, that they were tried over again the next day. 
The latter was a six-horse power machine, and 
cost 90/.; Garrett’s was a four-horse thrasher, and 
cost 60/7. 10s. Chiefly on account of the better 
delivery of straw the prize was awarded to Garrett. 
It will be observed that the prize implement 
thrashed at the rate of 12.5 sheaves per minute, or 
considerably less than. the amount done with the 
Trevithick engine and steam thrasher as stated 


above. The trials of pipe and tile machines were, 


also of importance this year. Seven makers com- 
peted, meluding Se and Clayton; the 
former was now able to turn out 25,000 to 30,000 
pipes of 1}in. in diameter in ten hours. The prize 
was awarded to Mr. Saunders, who exhibited a 
small cheap machine making about 3000 pipes a day. 

Considerable dissatisfaction wasexp: after this 
meeting at the award of the ncgee ne Cambridge for 
his portable engine, which we illustrate on page 549, 
and a formal protest was addressed to the Society 
by the other exhibitors whose engines had com- 
peted. In this protest it was pointed out that 
the conditions laid down by the judges had not been 
complied with by Mr. Cambridge; thatjthe engine, 
consumed twice as much fuel as some of the others 
exhibited—over 80 lb. per hour—and that the speed 
of 240 to 250 revolutions was higher than the 
maximum limit. It was also urged the engine, 
having only a cylinder 6in. in diameter and 12 in. 
stroke, could not be certified as of 4-horse power, 
but, working with safe steam pressure, only as of 
3-horse power. In consequence of this protest, the 
award was temporarily suspended, and a committee 
was appointed to examine into the question, and 
conduct a new trial, At this trial the engine 
thrashed 54 bushels of wheat in 10 minutes, with 
60lb. of steam, and 150 revolutions per minute. 
The report of this special committee confirmed the 
award of the judges. It may be of interest here to 
remark that these trials at Northampton were of the 
crudest nature. The engines were all placed in a 
row, and each provided with the same amount of 
work to be done. Ata given signal the series was 
started, and that one finishing first was declared to 
be entitled to the award. 

In 1848, the show was held at York, and con- 
tained a yet increasing collection of exhibits from 
the principal makers. Hensman, of Woburn, showed 
a single automatic drill for uphill work, in which 
the seed hopper was always maintained in a hori- 
zontal position, and similar adjustments applied to 
mauure distribution were also shown. Among the 
steam engine makers ten entered portables for me 
Hornsby taking the first prize. This was a so-calle 
6 horse power machine, with cylinders 10in. in 
diameter, and 14 in. stroke. Tothese trials we haye 
alluded on another page. At the thrashing machine 
trials thirteen machines competed, the prize being 
awarded to Messrs, Garrett. Pipe and tile ma- 
chinery also was present in great force, and White- 
head took the prize against Clayton, Scraggs, and 
others for general superiority of work, ‘The at- 
tendance at this show was remarkably high for the 
time. On one day, when the admission was 2s, 6d., 
there were 14,000 visitors, and on another 1s, day 
there were 10,000. 

At the Exeter show a ‘considerable number, of 
portable engines were exhibited, and eight of 
them were entered for trial, The trials them- 
selves were of little or no value, It is notice- 


able, however, that the judges thought it necessary, | disposed 


art of exhibitors to send engines ously got up 
or trial, and not commercial engines, to limit 
exhibitors to certain conditions as to weight, power, 
&c. The thrashing machine trials were of consider- 
able importance year, but the judges, while 
admitting that great improvements had been intro- 
duced in them since the preyious year, remarked 
that satisfactory thrashing and finishing had yet to 
be accomplished. They strongly recommended 
that prizes should be given for Fixed thrashin 
machines and fixed engines. Careful trials with 
pipe meking machines were also conducted, and 
Clayton received the award, the many advantages 
ossessed by Whitehead’s machine being, however, 
ully recognised by the judges. With regard to the 
thrashing machines it was found that while the 
prize machine at Norwich required about 2? horse 
power to drive it empty, that at Exeter. required 
only 1.39 horse power, and, being entered as a four- 


in consequence of the’ tendency apparent on the 
t) 
es, 


had. sprung 


pages glee and Shuttleworth in the third. 


power. Nothing remarkable appears to have been 
produced this year in implements. _ 

In the year 185] the Society’s show was held at 
Windsor, but there was on that occasion no collec- 
tion of implements, the International Exhibition in 
Hyde Park having absorbed all. In-the Journal of 
the Royal Agricultural Society for that year, appears 
an excellent report by Mr. Ph. Pusey on the 
agricultural exhibits at the World’s Fair, where the 
first opportunity was afforded of ascertaining freely 
what was being done abroad, and of comparin 
English with foreign | . In his report Mr. 
Pusey refers to the ing novelties in agricultural 
mechanics, Amongst them, not.to — of reapers, 
we find the perfected ghs of Hornsby and_of 
Busby ; the fixed harrows iams and Howard, 
and the expanding ones of Coleman; Gibson’s 
double clod crusher and. Crosskill’s Norwegian 
harrow. Biddle’s searifier and Coleman’s cultivator, 
both originated many years before, were brought 
forward with modifications. 

In 1852 the show yard at Lewes was crowded on 
account of the novelty of a reaping machine trial, It 
is true, however, that since the previous year several 
such trials had been conduct The first of these | 
was at the Agricultural College, Cirencester, which 
lasted several days. At this trial the prize-was 
awarded to McCormick; a second ‘ 
Sheffield, when Mc Cormick again was a winner ; 
a third was at Driffield, when the same result 
followed, It was different, however, at two other 
trials; one at Gainsborough, where Garrett's 
Hussey machine took the prize, and the other 
at Perth, where Bell’s machine of 1826 beat 
McCormick. It is a very curious fact that although, 
as we have seen, so many reaping machines had 
been patented in this country, and although the 
Bell reaper was, in all respects, a practical 
machine, that this subject ap to lie dormant 
for a number of years, and it was only in 185] that 
a@ popular excitement on the subject was created, 
and it is remarkable, that imperfect.as these reapers 
were, within a year of their being sent over here, 
1400 of them, of a value of over 30,000/., had been 
ordered by agriculturists in different parts of the 
country. The weak points of these machines were 
the frequent clogging of the knives, the speed at 
which it was necessary to drive the horses, the 
heavy draught, and the difficulty of delivery. The 
first award of the Society, a silver medal, for reaping 
machines, was given to Garrett and Sons, of Leiston, 

The number of agricultural engines exhibited at 
this show was considerable; we have commented upon 
the trials of them in another place, but we may call 
attention here to the important and rapid growth 
in the manufacture of portable engines in a very 
few years ; ‘in their report the judges select several 
examples of these prominent manufacturers (with- 
out, of course, giving their names). In one instance, 
the number produced had increased fourfold in three 


in another case to eight times. A fourth manufac- 
turer made’ 15 engines in 1848, and 294 in 1851-52. 
So with thrashing machines, the demand for which 
with wonderful rapidity to great 
dimensions. ta almost every branch of agricultural 
mechanics, indeed, the golden period had fairly set 
in., One lat:ge maker of ploughs, who had turned out 
150 ploughs, and 120 sets of harrows in 1843, sold 
1400 plougtis, and 520 sets of harrows in 1852; a 
cart maker, who had made 727 sets of wheels in the 
three years 1843-45, sold 2334 sets in 1851-52 ; and 
the maker of a favourite scarifier who in 1846-48 
i of 4'51, had a demand for 2470 in 1851-52. 
Almost all {he exhibitors} of field implements had 
trials at the, Lewes show, including the ten who 
sent . namely, Thompson, Wood, Holmes, 
Ransomes, Mason, Pengo 
, and\ Howard. The award was given to 
Garrett, Crost:kill being judged the eecond; and 
the Council state that ‘they are of opinion that 
these machines must be made much stronger, 
and divested of as _ of wed omen as 
possible, ere they can gen y useful.” ‘our 
sets of trials “with, thrashing machines occupied the 
attention of, tle judges on this occasion, the first 
of ten-horse power machines, when four makers en- 
tered ; the s 30nd for six-horse machines, twelve im- 
lements con rpeting ; the third also of six-horse power 
but finishing machines ; and the fourth was a trial of 
six-horse po' wer machines. Garrett and Sons came 
i 1s in the first, second, and fourth of these 


an Ji 
At the Lewé:s show there were 1722 entries of ex- 





horse machine, was driven easily with 43 horse 


hibita,as con : pared with 1197 at Exeter, the respective 


g chief engineer, and Mr. A. 


‘Was atl; 


years, in another it had increased to five times, and make 


Crosskill, Samuelson, | Among 


values having been about 19,000/. and 121,000/. 
We omitted to mention that Hornsby and Sons took 
the first_prize for their portable engine, which burnt 
4.66 lb, of coal per aor <p one of the com- 
peting engines consumed 63 1b. of coal in getting w 
eam, and 93.90 lb. rocker yea oe per hour, a 4 
ro never 8) on the show ground. 
e . “(to be continued.) _ 


FOREIGN AND COLONIAL NOTES. 
Obviating the Noise of Escaping Steam.— Mr. J. Baird, 
Stirling, master mechanic, of 
the Metropolitan Elevated Railroad of New York, have 
obtained a patent for obviating the noise of escaping steam. 
Their devices are an expansion chamber and an annular 
nozzle placed in the locomotive chimney, the effect of which 
is to uce a regular noiseless escape of steam instead of 
an ittent and sonorous one asat present. The steam 
f e cylinders- it passing di through 

is ; a r of ten times the 

of s, which -will'allow the steam to ex- 
pits pressure, so that the 
‘more than 10 ft. away. 
app also gives greater 
D ble saving. l. He also claims 
modification the hissing noise of the sudden 
the brake ejector, when 

ing a station, will be obviated. 
of @ cylindrical chamber with 
ings end, the cylinder being filled with 
glass about an inch in diameter, with a hole 
. The steam in round and through 
them is subdivided into such D as to utterly de- 
treaties pour Sax peed noise. It requires about 75,000 
for each cylinder, the Sea purchased 
about 800,000 of them. It is estimated it will require 
several millions 
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road. These dou improvements have been applied to 
three of the company’s engines, and it is that they 

be put on all the as 800n as eet 

_ Costa Rica.—-Frems _e Rica the int '  reasived 
indicates ; a line 
Seen ieodk Loman ts Ben teet. 1S oe are already built, 
and it iis now to commence on the Pacific 
terminus, at’ , and lay down 58 miles in addi- 
tion. Contracts are about being let in New York for the 


necessary rails, locomotives cars, tools for construction, 
&c. As the Pacific mail steamers touch at Punta Arenas 
eight times a month, this railway line will form a new 
route across the continent, shortening the distance 750 
miles as compared with the Isthmus of Panama. The 
length of the line from ocean to ocean will be 270 miles. 


Iron Tubing for Refrigerator Cars.—The National Tube 
Works, of Boston, have of late commenced the construc- 
tion of Tiffany refrigerator cars, built with a framework 
of wrought-iron tubes and steel rods, by which means the 
weight of a car is considerably diminis. i 
secured to it. The framewor: i 
to a car, sill being constructed of three 2-in. iron tubes 
or > ’ sills are bolted together with steel 

agg bay a the carevery 16 in. or 18in. Thesides 
and top of the frame are of steel rods running crosswise 
sen ey mm and firmly bound together. This sub- 
stanti forms the framework or est Se oe 
The Tiffany system refri i includes wooden 


cars, except that the 
to are not sheathed in with wood. 
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THRASHING MACHINE, WITH SIDE FEED, AT THE KILBURN SHOW. 
CONSTRUCTED BY MESSRS. CLAYTON AND SHUTTLEWORTH, ENGINEERS, LINCOLN. 
(For Description, see Page 578.) 
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AGRICULTURAL ENGINES. 


WE have elsewhere in the present number (vide 
page 543) dealt at some length with the early appli- 
cation of steam power to agricultural prance and 
we have also in an article on the Royal Agricultural 
Society (vide page ry while tracing the history 
of that Society, and the progress of agricultural 
engineering as evidenced by its successive exhibi- 
tions, necessarily made frequent references to the 
introduction of agricultural engines of different 
types, and have stated génerally the results ob- 
tained from them at certain of the competitive 
trials. In the present article we propose to enter 
into this subject in greater detail; and while 
tracing the progress of agricultural engines, as 
shown by the results of the Royal Agricultural 
Society’s trials, to point out certain facts connected 
with these trials which have to be taken into con. 
sideration before a fair comparison can be made 
between the experiments of different years. In 
thus dealing with the subject it may be necessary 
to recapitulate briefly a few of the facts recorded in 
our other articles. 

The earlier experiments made by the Royal Agri- 
cultural Society with the different engines exhibited 
were, as was only to be expected, of a very crude 
character, and they can, indeed, scarcely be called 
‘* trials” in the proper sense of the term. Thus, for 
instance, in 1841, when Messrs. Ransomes exhibited 
at Liverpool a Davies disc engine connected to a 
boiler, and the whole mounted on wheels so as to be 
portable, a brief experiment was made, and the con- 
sumption of coke estimated as being equal to about 
$cwt. per hour, the water used as 36 gallons per 
hour, and the work done as about 5 horse power. It 
was, however, not pretended that any really accu- 
rate observations of fuel consumption, &c., were 
made on this occasion, and although the quantities 


just recorded are fairly consistent amongst them- 
selves, it would be unsafe to found on them any 
opinion of the economical value of the engine to 
which we refer. 

At the next year’s meeting—namely, at Bristol in 
1842—Messrs. Ransomes’ Liverpool engine again 
put in its appearance, it having been modified since 
its previous exhibition by mounting it on four wheels 
instead of two, and by making it self-propelling. 
A description and es ag of this engine thus 
modified appears elsewhere in the present number. 
At this show two other portables a a in an ap- 
pearance, the one being made by Mr. W. Cambridge, 
of Market-Lavington, Wilts, and the other by Mr. 
Alexander Dean, of Birmingham, Mr. Cambridge’s 
engine was a 4-horse oscilla _* engine mounted 
with its boiler on wheels, and Mr. Dean's was a single. 
cylinder vertical engine of the steeple type mounted 
on a bedplate to which a vertical boiler was attached. 
No experiment was made with Mr. Dean’s engine at 
the Bristol show, but Mr. Cambridge’s and Messrs. 
Ransomes’ were each shown at work driving thrash- 
ing machines, no note, however, being taken of the 
fuelconsumption, At the Derby show of 1843, the 
Southampton show of 1844, and the Shrewsbury 
show of 1845, Mr. Dean and Mr. Cambridge were in 
each case the only exhibitors of portable engines, 
while at none of these shows were there any trials 
which would enable an opinion to be formed as to the 
progress made in engine construction. In the re- 
port on the Southampton show, however, we find 
Mr. Cambridge’s engine commended and Mr. Dean’s 
—which we illustrate and describe on another page— 
condemned as ineflicient, while the following year it 
is recorded that Mr. Dean carried off the first prize 
of 10/., while Mr. Cambridge received the second 
— of 5/., the relative standing of the two makers 

eing on this occasion reversed as compared with 
that of the previous year. 

The report on the Newcastle show of 1846 states 
that but one engine—that of Mr. W. Cambridge, 
which had taken the prize the previous year—fixed 
or portable, was exhibited, but the following year, 
1847, when the Society's meeting was held at North- 
ampton, the portable engines formed an important 
feature, no less than seven putting in an appearance. 
It was on this occasion that the Society first offered 
a large prize (50/.) for fixed or portable engines, 
and thus recognised the important place which steam 

ower was taking amongst agricultural appliances. 

n the regulations issued by the judges respecting 
the trials of the engines shown at Northampton it 
is expressly stated that the steam pressure shall in 
no case exceed 50 lb. per square inch, or 40 lb. per 
circular inch, but notwithstanding this we find that the 
engine which received the first prize—namely, that 
of Mr. W. Cambridge, of Market-Lavington—had 
a maximum boiler pressure of 72 Ib. per square inch, 
while it appears to have been run during the trial at 
a pressure varying from 60 lb. to 68 lb. per square 
inch. Another point insisted upon in the regula- 
tions was that the —— engines should be run 
at their declared speed ; but while Mr, Cambridge’s 
engine had a nominal speed of 110 revolutions per 
minute it appears to bave been worked during the 
trial at 169 revolutions, at which speed it thrashed 
200 sheaves in 10 minutes. The fuel consumption of 
this engine was estimated by its maker at 5 cwt. per 
day, but the judges admit in their remarks on the 
trials that they had no means of measuring the per- 
formances of the engines properly, and the results* 
they record are thus of very little value. Although, 
however, the Northampton trials do not enable us 
to estimate the values of the engines exhibited as 
prime movers, yet the collection of engines brought 
together on this occasion is an interesting one in 
many respects. The exhibitors were Mr. W. Cam- 
bridge, the winner of the 50/. prize, Mr. D. Ogg, of 
Northampton ; Messrs. Barrett and Ashton, of Hull 
Mr. Richard Hornsby, of Grantham; Mr, Edward 
Bloxam, of Gillmorton ; Messrs, Ryland and Dean ; 
and Messrs. Tuxford and Sons, Mr. Cambridge’s 
engine differed from that which he had sent to the 
Newcastle show on the previous year, In the older 
engine the cylinder and valve chest were within the 
boiler and awkward of access, but in the engine 
which gained the prize at Northampton, and which 
we illustrate and describe on another page, the cy- 
linder was kept outside, and other improvements of 
detail had been made. This Northampton engine 
of Mr. Cambridge’s is now exhibited: amongst the 
collection of old implements at Kilburn, where 


* We reprint this table of results in the course of our 
notice of the Northampton show on page 554 of the present 








number. 


it will doubtless be examined with much in- 
terest. Mr. Ogg’s engine was rated as a 4 horse, 
and it had a boiler of the locomotive type, and 
was provided with two cylinders fitted with ex- 
pansion valves. It had also a feed - heating 
tank into which the exhaust steam was discharged, 
and the ashpan was made to hold water for extin- 
guishing cinders, &c., the cylinder cocks being 
arranged to di the condensed water from the 
cylinders into this ashpan, The weight of this engine 
was 2} tons. 

The engine exhibited at gm wy by Messrs. 
Barrett and Ashton, of Hull, afforded evidence of 
the fears which at that time existed, that portable 
engines for agricultural purposes would suffer much 

from standing out of use and from exposure 
to the weather. ith a view of reducing this 
damage, we find that Messrs, Barrett and Ashton 
fitted their engine with a brass piston and with a 
-brass-sheathed piston rod. This engine — which 
was rated as a 5-horse—was of the steeple type, and 
had a return flue boiler, which was fitted with a 
whistle giving an alarm when the water level be- 
came low. It also had a feed-heater in which the 
temperature of the feed-water was raised by con- 
tact with the exhaust steam, Mr. Hornsby’s engine 
had a locomotive boiler, but we have no information 
as to its special features; while Messrs. Ryland and 
Dean’s was a 6-horse portable, with two cylinders, 
but of the details of which we can find no record. 
The 5-horse engine of Mr, Bloxam is noticeable 
from the fact of the engine being under the barrel 
of the boiler instead of on the top, whileit.is stated 
in the official report of the show that the firebox was 
surrounded by a water tank ; it appears, however, 
somewhat doubtful from.the context whether the 
“ smokebox” is not really meant. Mr, Bloxam 
used a brass piston, valves, and tubes. in his engine, 
and we notice that—notwithstanding the regulations 
already alluded to—the boiler pressure is stated to 
have been 65 lbs. Messrs. Tuxford and Sons’ ex- 
hibit consisted of a steam engine and thrashing 
machine combined, the engine having a boiler of 
the locomotive type. The smokebox door of this 
boiler was made double, and formed a feed-heating 
tank, the pump being fixed to it. 

In 1848 the meeting of the Royal Agricultural 
Society was held at York, and this was the first 
occasion on which any really definite attempt ap- 
pears to have been made to ascertain the quantity 
of fuel used by the several engines exhibited. As 
regards the mode of making the trials, we find the 
judges stating in their report that: ‘At the trial 
‘“‘ of the first engine we used only 106 lbs. of coal 
‘+ and 22 lbs. of wood; it arose from the exhibitor 
‘‘ having entered the engine as only requiring 
* 22 lbs. of coal to get up steam, @ gave out 
“ this quantity to begin with, but as.it did not prove 
‘¢ sufficient, the remainder was furnished in smaller 
‘‘ quantities as wanted, After the trial of this 
‘‘ engine, we determined to give each exhibitor 
‘¢ 99 lbs. of wood and 140 lbs. of coal, with which to 
“ get up steam and work as as he could.” The 
italics here are ours, and it will be seen from the 
words we have italicised that from the mode of 
carrying out the. experiments, no distinction was 
drawn between the fuel used in getting up steam 
and that consumed after the engine had been got 
fairly to work, An engine with a boiler having a 
large water capacity was thus at a great disadvan- 
tage when compared with another having a smaller 
boiler capacity, although the former might. really 
be the more economical engine of the two. In- 
stances of this defect in the regulations appear to 
have occurred in the course of the trials, for in the 
judges’ report we find them commenting upon the 
fact that a certain engine took a most pa Ee time 
to get up steam, but that when steam was once 


;| raised, it did an astonishing amount of. work with 


the remaining portion of the allowance of fuel, 
Altogether eleven engines were exhibited at the 
York meeting, but one of these. was a station 
engine, while of the ten portables which it was pro- 
posed to test, one was withdrawn, and two 
worked so unsatisfactorily, that their trial.was not 
proceeded with. Although the results of the trials 
at York have no scientific value, yet we may as 
matter of curiosity record here that Mr. Hornsby’s 
engine, to which the first prize was awarded, was 
rated as a 6-horse engine, and had a 10 in. cylinder 
with 14 in. stroke, while it was run at 110 revolu- 
tions per minute, with steam at 32]b. pressure, 
with a load equal to its nominal power. The 





engine got uP steam in 40 minutes, using 22 lb. of 
wood and 73 1b. of coal, while the judges record 
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that it subsequently run 94 minutes, burning the 
remaining 67 Ib. of coal, the consumption being 
stated by them to be xs b per hour, or 7 lb. per 
horse power per hour. ith the size of cylinder 
and piston speed given and the load stated, the 
mean effective cylinder pressure required would be 
9.8 Ib. per square inch only, and of course no non- 
condensing engine working under the conditions 
named could have done the work with the fuel con- 
sumption recorded. ‘Ihe engine with which Mr. 
Hornsby competed at York is now exhibited 
in the collection of old implements at Kilburn, 
and it is well worth examination as an example of 
the position attained by these makers thirty-one 
years ago. It is worthy of remark that of the ten 
portables which competed at York in 1848, four 
were without any governor whatever. Amongst the 
engines exhibited was one shown by Messrs. Ogg and 
Howard, of Northampton, this engine being the one 
exhibited by Mr. Ugg at the previous year’s show. 
This engine is specially referred to by the judges 
as being fitted with a spark-catcher, which thus 
appears to have been a novel feature at that date. 
It was at the York show that the judges first 
formally spoke adversely of double-cylinder en- 
gines, they stating in their report that: “In our 
‘opinion two cylinders are not necessary for agri- 
* cultural p 8; they make the engine more 
“ expensive, there are more parts to be kept in 
“ repair,. and more attention is required to work 
‘*them.” The accuracy of the opinions thus ex- 
pressed has been fally confirmed by subsequent 
experience. 

e Norwich show of 1849 is noticeable as 
that at which Messrs. Clayton and Shuttleworth 
first became competitors ; they being represented on 
this occasion by three engines, two—of 5 and 
7 horse power respectively—having a single cylinder 
each, while the other—of 9 horse power—had two 
cylinders. It is claimed that the original maker 
of the present general type of portable, with its 
cylinder bolted to the top of the firebox casing 
and the crankshaft plummer blocks, and the guide 
bars supported in the way now general, was Mr. 
Richard Bach, of Birmingham, and this type of 
engine was brought out for him by Messrs. Clayton 
and Shuttleworth. At the Norwich show of 1849, 
all three of Messrs Clayton and Shuttleworth’s 
engines were tested, and they met in competition 
two 6-horse engines by Messrs, Garrett and Son, and 
one engine each by Mr. Hornsby, Mr. Barrett, Mr. 
Headly, and Messrs. Ransomes and May, making 
nine engines tried in all. The steam pressure 
allowed on this occasion was 45 Ib. ~ square inch, 
and the engines were run against loads equivalent 
to their nominal power, the n resistance 
being afforded by a friction brake adjusted by hand. 
At the Norwich trials the lowest consumption re- 
corded was that of Messrs, Clayton and Shuttle- 
worth’s 7-horse engine, namely, 10.781b. per horse 

wer per hour, while the highest was that of Mr. 

arrett, which consumed 25.5 Ib. iw horse power 
per hour. Messrs, Clayton and Shuttleworth’s 
engine, however, received but the second prize, the 
first prize being awarded to one of Messrs. Garrett’s 
engines, which is recorded to have consumed 
11.5 Ib. of coal per horse power per hour, but which 
was decided by the judges to possess certain features 
which placed it before that of Messrs. Clayton and 
Shuttleworth. Mr. Hornsby’s engine during these 
trials consumed 14.2 Ib. of coal per horse power per 
hour, a result which fully shows the inaccuracy of 
that recorded at York the previous year. The first 
= engine of Messrs. Garrett and Son had a tubu- 
ar boiler, with a cylindrical firebox within a cylindri- 
cal casing, while the crankshaft carriage was also 
arranged so that the fowr bearings of the crank 
could be bored out at once. The flywheel also was 
grooved for around driving band. Messrs, Garrett's 
other engine had a boiler with two direct side flues 
and a single circular return flue, and the perform- 
ance of this boiler was well spoken of by the judges. 
The feed pump of this engine was also arranged s0 
that the feed could be regulated by a cock placed 
between the pump and the boiler, this cock allowing 
any desired portion of the water delivered by the 
pump to be returned to the feed tank. This appears 
to have been the first time that. an exhibited port- 
able was fitted with an arrangement now so generally 
adopted. 

Another noticeable engine at this show was a 
“Farmer's Engine” constructed on the plans of 
Mr. Robert Willis, of Messrs. E. B. Wilson and Co., 
Railway Foundry, Leeds, and exhibited by Mr. E. 
B, Wilson and Messrs. Ransomes and May con- 





jointly. This was a self-moving engine or agri- 
cultural locomotive, and, as will be seen by the 
engravings subjoined, it had several special features. 
The boiler was of the locomotive type and pro- 
vided with a dome in which the throttle valve 
was placed, a governor mounted on the top 
of the boiler, close to the dome, acting on this 
throttle valve through a lever. The barrel of the 
boiler was 2 ft. in diameter, and about 5 ft. 6 in. 
long, it was formed of two rings united by a rivetted 
transverse joint in the usual way, but the longi- 
tudinal joint of each ring was welded, a difficult 
piece of work in those early days. The boiler con- 
tained 28 iron tubes 2} in. in diameter, these tubes 
giving a heating surface of 100} square feet, while 
the firebox surface was 11} square feet, making 
112 square ft. in all, The grate area was 2 square 
feet. The firebox was of D-shape in plan, and the 
crown was a quarter of a sphere, the firebox cas- 
ing being of a similar shape. The cylinders—of 
which there were two—were 6} in. in diameter, 
with 10 in. stroke, and were fixed below the smoke- 
box as in an ordinary locomotive, the connecting 
rods being coupled to a crankshaft mounted be- 
neath the boiler near the firebox. The crankshaft 
carried at its —— ends two pinions of different 
sizes, either of which could be thrown into gear with 
corresponding wheels on the driving axle, this axle 
passing between the crankshaft and the firebox 
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WILLIS’S FARMER'S ENGINE, 1849, 


casing. The two gears gave the ratios 1 to 2} and 
2} to 1 respectively, as the relative speeds of the 
crankshaft and driving axle. The diameter of the 
driving wheels was 4 ft., and that of the front 
wheels 2 ft. 8 in. The latter run loose on their axle, 
this axle being bolted to the underside of a wrought- 
iron toothed steering wheel. Into the toothed 
wheel just mentioned geared a pinion carried at the 
lower end of a vertical{shaft suitably supported from 
the front of the smokebox. At the top of this vertical 
shaft was a bevel wheel which was geared into by 
another bevel wheel on a horizontal shaft running 
along the top of the boiler, this shaft carrying at its 
hind end a spur wheel into which a pinion, rotated by 
ajcrank handle, geared. The engine was carried on 
springs at the hind end, and when used for driving a 
thrashing machine it was blocked up so that the driv- 
ing wheels were clear of the und, one of these 
wheels then acting as a belt pulley. Provision was 
also made for taking off the power from the end of 
the driving axle by a calreshal telat, or from the end 
of the crank axle in a similar way, the engine in this 
latter case remaining standing on its wheels and the 
pinions on the crank axle being both placed out of 
gear. It is recorded in a publication which ao 
at the time that this engine did a good deal of work 
in the neighbourhood of Ipswich and Norwich, it 


being run from farm to farm, making sometimes a 
pee of 12 miles per hour on the level, while it 
mounted Fremston Hill, near Fremston, an incline 


of 1 in 11, at a good walking . On the 
gradient just mentioned the resistance due to 
gravity would be 204 lb. per ton and if to this 
we add 41 lb. per ton for frictional resistance, we 
get a total resistance of 245 lb. per ton. The weight 
of the engine in working order was 24 tons, and the 
total resistance to be overcome in ascending the 
hill just mentioned would thus be 245 x 2.56124 lb. 
On the other hand, the tractive force which the 
engine could be capable of exerting with the slow gear 


in use would be Lad =19.8 Ib. for each 


pound of effective pressure per square inch on the 
pistons, and the mean effective pressure required for 
the above mentioned performance would be ee = 
30.9 lb. per square inch. As the boiler pressure was 
45 lb. per square inch, this mean effective pressure 
could well besecured, Itis stated that when employed 
for thrashing the engine would drive two so-called 
‘* 4-horse” thrashing machines each fed at the rate 
of 13 coombs per hour, 260 coombs of in being 
thrashed in ten hours. Its consumption of fuel under 
these circumstances is given as from 50 Ib, to 55 lb. of 
coke per hour, the water evaporated per hour being 
about 41 gallons. The general speed of the engine 
was 70 revolutions per minute, In the Royal Agricul- 
tural Society’s report, this engine is rated as 44 horse, 
and it appears to have been run with that load on 
the brake, the consumption of coal being 141b. per 
brake horse power per hour. The judges, although 
they commended the workmanship of the engine, 
threw doubts upon its self-moving qualities being 
of service to farmers, and in fact there can be 
little doubt that at that date and for many years 
after, self-moving engines were not sought after. 
Viewed by the light of recent experience this is not 
to be wondered at, for if there is one thing more 
than another which has been proved with regard to 
self-moving engines, itis that they must not only be 
of good design, but of exceptionally good materials 
and workmanship, in order to give satisfaction, and 
in the early days of which we are now speaking, 
these qualifications were probably not forthcoming, 
In 1850, the Royal Agricultural Society held 
their meeting at Exeter, and eight portable engines 
entered into competition, the first prize being gained 
by a 9-horse engine of Messrs, Hornsby and Sons, 
which worked with a consumption of 7.561b. per 
brake horse power per hour, while the consumption 
of a 7-horse engine of Messrs. Clayton and Shuttle- 
worth’s, which took the second prize, was 7.77 lb. 
The steam pressure allowed was 45 lb. per square 
inch. Messrs. Hornsby’s engine had the cylinder 
enclosed on the upper part of the firebox casing, 
an arrangement which this firm still continues to 
adopt, and with which they for so many years per- 
formed so successfully at the Royal Agricultural 
Society’s trials, _We have been favoured by Messrs. 
Hornsby with the chief jdimensions of their prize 
engine of 1850,'and they are of much interest. The 
engine had a 10 in. cylinder and 14 in. stroke, and 
it was run during the trial at 110 revolutions per 
minute, given a piston .speed of 256% ft. per minute. 
Under these conditions the mean effective pressure 
on the piston required to overcome the brake load 
of 9-horse power would be 14.2 lb. per square inch, 
thus showing that at even this early date the de- 
sirability of running the engine ata moderate piston 
speed to secure a suitable load on the piston, had 
been noticed. The engine had a boiler with a 
barrel 7 ft. 1 in. long by 2 ft. 7 in. in diameter; and 
containing 48 tubes 2} in, in diameter and 7 ft. 33 in, 
long. The firebox casing was 2 ft. 4 in. long by 
5 ft. 7 in. high, and 3 ft, 6 in. wide, while the inside 
firebox had a length of 1 ft.9in., a width of 2 ft. 
10} in., and a height of 2 ft. 7 in. The heating surface 
of the tubes was 229.7 square feet, and of the firebox 
14.1 square feet, making 255.8 square feet in all. 
The grate area was 5 square feet. The flue area 
through the tubes would be about 1.33 square feet, 
and the proportions of the boiler would then be as 
follows: Ratio of grate area to total heating surface 
1:51; ratio of flue area through tubes to grate area 
1:3.75. These proportions are very , and do 
not differ greatly from those adopted at competitions 
very many years later. 





Messrs, Clayton and Shuttleworth’s engine, which 
took the second prize at Exeter, had a single cylinder, 
and it is mentioned in the judges’ report t the 


delivery pipe from the feed pump was taken to the 
smokebox end of the engine, through the exhaust 





pipe, the latter pipe in its turn traversing the boiler, 
ese internal ust pipes were for many years 
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TaBLE No. I.—Showing Coal Consumption per Brake Horse Power per Hour of Portable Engines tested by the 











Royal Agricultural Society. 
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Year. | Place of Meeting. He 3 Name or MAKER. S 3 3m, 
3 F he a . 
E Ea ae | 83 He 
na & sm | 0mm 
1849 Norwich 45 |Claytonand Shuttleworth .. re j 10.78 
2” ” ” Garrett and Son ... ie eee o ° 11.5 
1850 Exeter 99 Hornsby and Son .. * ie - 7.56 
” Trials’? ” Clayton and Shuttleworth ‘ 7.77 
1851 sea i Hornsby and Son... . 6.79 
nexion with » 
re { Exhibition. { a Tuxford and Sons fas ° eee 7.46 
1852 Lewes aa Barrett, Exall, and Andrews ... . one 5.45 
pr ss os Clayton and Shuttleworth f os aa 6.00 
1853 Gloucester o” Clayton and Shuttleworth ove ‘ 4 4.32 
a ne me Hornsby and Sons oe =a" sid P 6 4.82 
1854 Lincoln ”9 Hornsby and Sons i? ovo 8 4.55 
oa - is Ransomes and Sims oe 7 5.1 
1855 Carlisle - Tuxford and Sons ove i ‘ 8 3.698 
»» ” ” Clayton and Shuttleworth ian 8 4.054 
1858 Chester ~ Tuxford and Sons ae 8 3.914 
Fe 9s pe Clayton and Shuttleworth 5 8 4.611 
Pe * 99 Tuxford and Sons (2nd prize) ... 12 4.780 
- - ie Hornsby and Sons (lst prize) ... 12 5.803 
1863 Worcester Hornsby and Sons ‘al ~ sia 12 3.79 
a pa 9 Clayton, Shuttleworth, and Company en ‘ 12 3.86 
a a poe Tuxford and Sons (with expansion valve) ... ite 8 3.59 
ig Pv Fe Barrett, Exall, and Company (with expansion valve) 8 3.79 
we az ae Brown and May (without expansion valve) ... ove 8 6.40 
a ms ye Ellis and Sons (without ex ion valve)... o06 7 8.21 
1867 Bury St. Edmunds 80 Clayton, Shuttleworth, and Company (light load) ... 12 2.97 
WA a a! Ransomes and Sims (light load) a ian oe 12 3.76 
a a * Tuxford and Sons (heavy load)... see = ne 12 3.17 
a pe Be Ransomes and Sims (heavy load) ae Ree os 12 3.35 
ta a Clayton, Shuttleworth, and Company (light load) ... ; 8 3.12 
pai ee ob Tuxford and Sons (light load) ... ase es &i p 8 3.55 
a oe ‘i Reading Iron Works Company (heavy load)... se e| 10 2.54% 
pe “ os Clayton, Shuttleworth, and Company (heavy load)... a 8 2.71* 
1871 Wolverhampton 115 Aveling and Porter (agri. loco. 30 horse power load) eo} 10 3.73 
pee i aa Aveling and Porter (agri. loco. 18 horse power load) ‘ 6 4.42 
1872 Cardiff 80 Clayton and Shuttleworth (14 horse power load) ... 8 2.79 
cs sf ‘s Reading Iron Works Company (17 horse power load) 8 2.881 




















* These results are doubtful for reasons explained in the text. 


Tasie No. II.—Showing Coal Consumption per Brake Horse Power per Hour of Fixed Engines tested by 
the Royal Agricultural Society. 
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1853 Gloucester 45 Clayton and Shuttleworth 6 6.46 
ia os ‘s Barrett, Exall, and Andrews ... 8 6.61 
1854 Lincoln 9 Ransomes and Sims nee ion tee im 6 6.15 
99 99 ” W. Dray and Company ... aa ae one 8 7.84 
1856 Carlisle es Ransomes and Sims... a at ove a 8 6.150 
“s as ” Clayton and Shuttleworth me ‘ina ‘ 8 6.753 
me ‘a 9 Barrett, Exall, and Andrews (2nd prize) re 8 6.987 
1858 Chester oe Barrett, Exall, and Andrews ... pie oie ae 4.67 
- a a Hornsby and Sons ose “ os 8 6.52 
1863 Worcester 50 Barrett, Kxall, and Company eco «| 10 4.88 
re a ni Clayton, Shuttleworth, and Company... 10 5.04 
1867 | Bury St. Edmunds 9 Clayton, Shuttleworth, and Company... 10 4.44 
Pr a om es The Reading Iron Works Company ... 10 5.73 
1870 Oxford os Clayton and Shuttleworth see io Sa oie «| 10 4.12 
sl a * The Reading Iron Works Company ... oes ‘ahi ool ae 4,22 
Pe i a Clayton and Shuttleworth (semi-fixed) - 4 3.72 
pa mf so Brown and May (semi-fixed) ... 206 on 4 4.44 

















extensively used by portable engine builders, not- 
withstanding the obvious objections to them, the 
sole point in their favour being that they were out 
of the way and assisted in securing a neat appear- 
ance for the engines afflicted with them. It was at 
the Exeter show that Messrs. Tuxford and Sons, 
we believe, first exhibited the type of engine boxed 
up in an iron casing, of which they subsequently 
built so many. In these engines the cylinder was 
vertical, the connecting rod passing out of the top 
and being coupled to a crosshead from which a 
couple of rods descended to blocks working on 
guides on the sides of the cylinder. From these 
blocks again a pair of connecting rods was led up- 
wards to a wide crank on the crankshaft, which 
passed over the top of the cylinder and carried a 
flywheel and belt pulleys outside the casing in which 
the engine was contained. The boiler had flues lead- 
ing from the firebox towards the engine and return 
tubes above. This arrangement of ‘‘ housed” en- 
gine, although somewhat inconvenient to get at and 





difficult to keep lubricated properly, met for many 
years with much favour. Messrs. Garrett and Sons’ 
engine exhibited at Exeter, had a feed tank arranged 
under the crank shaft, the water level being above 
the pump, while Mr. Butlin, of Northampton, 
showed an engine with a pair of oscillating cylinders. 

Even in these early days there had arisen a ten- 
dency on the part of competing firms to produce 
engines which were —_ ‘‘ racers,” and the judges 
at Exeter, Mr. Charles John Carr and Mr, William 
Owen, remark in their report: ‘It is questionable 
‘‘ whether lightness and portability should not be 
‘deemed of great moment in guiding the decision 
‘‘ of the judges, lest by a too exclusive adherence to 
‘‘the dynametrical test, a class of engines should be 
*‘introduced for trial expensively constructed and 
‘* of too large a size; indeed, not made for general 
“sale amongst agriculturists, but merely for the 
‘ purpose of winning the race and carrying off the 
‘< prize at theannual exhibition of the Society, by con- 
“suming so many pounds less of coal per hour, the 





“* price stated in the catalogue being inconsistent with 
“the production, at a fair profit to the maker, of 
‘“‘such expensive engines, ‘To guard in future 
‘against this we would suggest, that each engine 
‘‘entered for trial should be of the same nominal 
‘* power, say 6-horse, and that the entire weight of 
“each engine to be worked at that power should 
‘not exceed 55 cwt., a certificate being produced of 


-|*the weight of each engine from the weighin 


‘‘machine most convenient to over on p - 
‘ing to the trial yard.” So far as we are aware, 
however, this limit of weight was never enforced. 
We also find that on the occasion of the 1850 trials 
the judges objected to engines being fitted with 
iron wheels, wooden wheels being stated to be far 
better adapted for farm use, and this opinion seems 
to have been maintained for some years. 

In 1851 no meeting was held by the Royal Agri- 
cultural Society, but in connexion with the Great 
Exhibition of that year some trials of portables 
were carried out on the Royal Agricultural Bociety's 
system, their friction brake also. being used. Alto- 
gether twelve engines were then tested, the best 
result being given by Messrs, Hornsby and Sons’ 
6-horss engine, which worked with a consumption 
of 6.79 lb. of Liangennech coal per dynametrical 
horse power per hour, This engine of Messrs. 
Hornsby’s a long hollow slide valve, there 
being a valve face at each end of the cylinder, that 
at one end having two ports, one for exhaust and 
one inlet, while the face at the other end had one 
inlet port only, the exhaust from that end takin 
place through the hollow of the valve. No cut-o 
or expansion valve was used, and this must be taken 
into consideration in estimating the value of the 
result Obtained. The next best result was that 
given by Messrs. Tuxford’s 6-horse, which con- 
sumed 7.46 lb. per horse power per hour. At the 
same trial the consumption per horse power per hour 
of Messrs, Clayton and Shuttleworth's 6-horse en- 
gine was 8.63 1b., and that of Messrs. B 
Exall, and Andrews’ engine, 9.2 lb.—this latter 
engine — an expansion valve driven by a block 
in a slotted link, and controlled by the governor. 
This was, we believe, the first time that an auto- 
matic pe ter mg gear ager ge fitted to any com- 
peting portable engine, e@ arrangement is 
caperted, as not working satisfactorily. 

At the Lewes m of 1852 the Royal Agricul- 
tural Society for the first time offered a prize for 
stationary engines, it being considered that although 
the portable engine was, in the majority of instances, 
the most convenient form in which steam power 
could be employed by the farmer, yet there were 
many cases where a stationary engine could be used 
with advantage. The competing engines were run 
driving a load on a brake, steam being supplied by 
two portable engine boilers coupled ; but the judges 
state in their report that in consequence of the man- 
ner in which the steam supply was furnished no 
definite table of economical performance could be 
prepared. The engines were thus judged on their 
general merits, and the first prize was awarded to 
Messrs. Barrett, Exall, and Co., the second being 
taken by Messrs. Ransomes and Sims. The judges 
suggested that for any future trials of stationary 
engines each maker should bring with his engine a 
suitable boiler on wheels. 

The Lewes show brought together a far larger 
number of portables than any previous meeting, 
eighteen engines being tried on the brake, and the 
first prize being again taken by Messrs, Hornsby 
and Son, who with their 6-horse engine worked with 
a consumption of 4.66 lb. of coal per dynametrical 
horse power per hour, a result no doubt to some ex- 
tent due to the thoroughly efficient steam-jacketting 
which their cylinder obtained from the enclosure in 
the upper part of the firebox casing. —- 
from improvements in details Messrs. Hornsby’s 
engine ap to have had no novel feature. e 
next best result was that attained by Messrs. Bar- 
rett, Exall, and Andrews’ 6-horse engine, the con- 
sumption of which was 5.45 lb. per horse power per 
hour, and to which the second prize was awarded, 
while the lowest result was that given by an engine 
of Mr, Freeman Roe, which yom ig mg itself by 
getting rid of 93.9 lb. of coal per horse power per 
hour! Messrs. Barrett, Exall and Andrews’ engine 
had a novel feature in the form of a flue encircling 
the lower _— of the boiler, this flue conveying the 
hot gases from the smokebox proper to a kind of 
second smokebox on which the chimney was mounted 
at the firebox end, The cylinder also was placed 
in the smokebox, and was fitted with an adjust- 
able expansion slide, Messrs. Clayton and Shuttle- 
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COMPOUND SEMI-PORTABLE ENGINE AT THE KILBURN SHOW. 
CONSTRUCTED BY MESSRS. JOHN FOWLER AND CO., ENGINEERS, LEEDS. 
(For Description, see Page 570.) 
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CLAYTON AND SHUTTLEWORTH’S 4-HORSE PORTABLE ENGINE, 1853. 
(For Description, see opposite Page.) 











Fly Wheel 4-6 Diameter, 130 Kev ‘per maracte 





worth's 6-horse engine at the Lewes show, had a, of wrought iron, the same plate being flanged to | steam passed through the inner case. The carriage 
copper firebox and water bridge, while Mesars, Garrett | form the front of the smokebox. A feed heating tank | of this engine was also fitted with a spring fcr 
and Sons sent a 6-horse engine which was com- | was also fitted to this engine, this tank having double | lessening the shocks transmitted to the boiler on a 
mended for having the crankshaft bearing bracket | sides between which the water circulated, while the | rough road, The engine exhibited by Messrs. Rav. 
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HORIZONTAL ENGINE AT THE KILBURN SHOW. 
CONSTRUCTED BY MESSRS. ALEXANDER SHANKS AND SONS, ENGINEERS, ARBROATH. 














(For Description, see Page 571.) 





















































somes, and Sims on this occasion was distin- 
guished by being fitted with a turnplate hev- 
ing a spherical bearing surface so as to enable 
the fore carriage to adjust itself to uneven 
ground. The boiler was also fitted with a 
steam collecting pipe extending nearly the 
whole length and slotted at the top. 

At the Gloucester meeting of 1853, both 
fixed and portables were again tested, but the 
report of the judges afford no information as 
to how steam was supplied to the former. 
The best result, as far as fuel economy was 
concerned, was attained by Messrs, Clayton 
and Shuttleworth, the consumption being 
6.48 Ibs. of coal per brake horse power per 
hour. In the portable class, Messrs. Clayton 
and Shuttleworth also, for the firat time, took 
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the first prize, their 4-horse engine working 
with a consumption of 4.321b. per brake horse 
power per hour, 

Through the courtesy of Messrs. Clayton 
and Shuttleworth, we are enabled to give on 
page 560 a reduced fac-simile of their drawin 
of their 4-horse engine of 1853, an engine o 
special interest, inasmuch as it was first 
in which the firm used the arran t of 
steam - jacketted cylinder encl in the 
roe erees with which peed have obtained 
such good results at su uent competitive 
trials, The drawing is somewhat im 
but it will —, e general of the 
engine to early understood, oe 
which competed in 1853 had a 6$-inch 
cylinder, with 12 in, stroke, and it was ran 
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at 130 revolutions per minute, at which speed 
a mean effective pressure of 15.3 lb. per square inch 
would be eanieell to overcome the 4-horse load on 
the brake, apart from friction ; the speed was thus by 
no means badly chosen. The boiler had a barrel 
2ft. lin. in diameter inside, and 4 ft. 1]} in. long, 
while it contained 31 tubes 2g in. external diameter, 
and 5 ft. 2} in. long between tube-plates. The fire- 
box was 10} in. long inside, 2 ft. Oj in, wide, and 
Qft. 12in. high. From these dimensions we find 
that the heating surface of the firebox was 13} square 
feet, and of the tubes 100 square feet, making 
1134 square feet in all. The firegrate area was 
1.87 square feet, and the flue area through the tubes 
0.75 square feet. The ratio of grate to heat- 
ing surface was thus | : 60.7, and of flue area to 
te 1:92.49, proporticns which, as we shall see 
Creston, do not differ tly from those adopted 
by Messrs. Clayton and Shuttleworth in their Cardiff 
engine of 1872. It will be seen, therefore, that 
Messrs. Clayton and Shuttleworth had arrived at 
satisfactory proportions at a very early date. We 
have already stated that the cylinder of the 1853 
engine was steam-jacketted, and placed in the 
smokebox, and from our engravings on e 560 
it will be seen that the jacket consisted of a large 
steam chamber formed in the smokebox, and com- 
municating with the boiler, this chamber completely 
surrounding the cylinder. The steam was caused 
to circulate through the jacket on its way to the 
cylinder, and in so doing it was of course some- 
what superheated. Altogether the engine we have 
been describing was well proportioned and arranged, 
and was highly creditable to the date at which it 
was produced. The report on the engine trials at 
the Gloucester meeting, and also on those the 
following year at Lincoln, are exceedingly brief, 
and contain practically little information beyond 
the coal consumptions; which latter we record for 
the most economical and second-best engines in 
Tables [. and II. on page 559. The same remark 
also applies to the report on the trials at the 
Carlisle meeting of 1855, the results of which 
we also record in Tables I. and II.; and with 
reference to these we have only to remark that 
we have in Table II. included the fuel consumption 
of the engine (Messrs. Barrett, Exall, and Andrews’), 
which was third in point of economy of fuel, this 
engine having been awarded the second prize, as it 
attained an economy nearly equal to Messrs. Clayton 
and Shuttleworth’s without the aid of a separate 
expansion valve, The judges remark in their report 
that the competing engines generally were of more 
simple design than on previous occasions. 
he next engine trials held by the Royal Agri- 
cultural Society were at Chester in 1858, and with 
reference to these, the regulations issued in 1857 
explained that two classes of portables would be 
tested, one class to consist of single-cylinder engines, 
having cylinders not more than 9} in. in diameter, 
and rated at not more than 8-horse power ; and the 
other consisting of double-cylinder engines, rated 
at not more than 12-horse power, and the cylinders 
of which were not to exceed 8 in. in diameter. It 
was also stipulated that the flywheels must not be 
less than 6 in. in width, nor have the rims moving 
at a less velocity than 1600 ft. per minute, while a 
second driving pulley not less than 6 in. wide in 
the rim, and Sestas a circumferential velocity of 
not less than 900 ft. per minute, was to be provided 
for driving chaff-cutters, &c. As regards the boilers, 
it was stipulated that the tubes must not be less 
than 2} in. in diameter, nor less than No. 12 wire- 
gauge thick, nor were they to be placed at less than 
lin, apart. The tube-plates were also to be of Low- 
moor and Bowling iron, with the brands visible. 
It was also mentioned as desirable that, if the en- 
ine was fitted with expansion gear, this gear should 
of asimple character, while it was ruled that no 
feed pump must have more than two valves, and 
these must be easy of access. If a heater was pro- 
vided, the engine must be capable of being worked 
either with or without it. The workiag pressure of 
steam was fixed at 45 lb. per square inch, and the 
last condition stipulated that, after each engine had 
been worked a short time and then cooled down, 
the exhibitor would ‘ be required to take the engine 
* to pieces in the presence of the judges, and with. 
‘« draw the piston, slide, expansion valve, and pump 
*‘ valves for examination. Two men will only be 
** allowed to assist in the operation, and the time of 


‘“* taking to pieces and replacing the parts will be 
* no hen the whole is put together, the 
“« engine will undergo the trial of wolinn in the 
“ oj manner, and in accordance with the 





‘* practice of former meetings. If after the trial 
“ the judges should require any one or more of the 
‘‘tubes withdrawn for examination, the exhibitor 
‘¢ shall withdraw such tube or tubes.” In the case 
of the fixed engines, the conditions stipulate that 
no engine should be rated at more than 10-borse 
power nominal, nor have a cylinder exceeding 
114 in. in diameter. The driving pulley was not to 
be less than 7 in. wide in the rim, and was to have 
a circumferential velocity of not less than 1200 ft. 
per minute, while the remarks concerning the pumps 
and expansion gear were the same as for the portables, 
The makers were not required to bring boilers to 
supply their fixed engines, the Society undertaking 
to supply steam at 45 lb. per square inch ; but each 
competitor was required to supply to the Society 
drawings and specifications of the boiler he would 
propose to use with his engine, such boilers to have 
not less than 25 square feet of heating surface.and 
# square foot of te area per nominal horse 
power. In the event of the boiler being tubular, 
the tubes were to be not less than 2} in. in diameter, 
nor thinner than No. 12 gauge. or prize was 
also offered for a fixed steam boiler, having the pro- 
portions of heating and grate surface above men- 
tioned, and of which the tubes (if tubes were used) 
were not to be less than 3 in, in diameter and 1 in. 
apart. 

The results of the trials of the most economical 
and second-best eight and twelve-horse portables at 
Chester in 1858 are recorded in Table I., page 559. 
The report of the judges gives scarcely any par- 
ticulars of the competing engines, not even the 
diameters of cylinders onl stroke being mentioned 
either in this or the six previous reports; but, for 
the first time, we find recorded both the actual and 
the ‘‘ mechanical” time of each run, and from these 
records we learn that the nominal speed was very 
fairly kept. 

The real competitive trials were, as usual, all run 
with Llangennech coal, but some interesting sup- 
plementary experiments were made with four of the 
8-horse portables, using common coal, the results 
being that Messrs. Tuxford and Sons, and Messrs. 
Clayton and Shuttleworth’s engines used 4.061 lbs, 
and 4,964 lbs. respectively per brake horse power 
per hour, against 3.914 lb. and 4.611 lb. respec- 
tively, with the Welsh coal. The fixed engines on 
this occasion were furnished with steam by a boiler 
supplied by the Royal Agricultural Society, and 
which has been used in subsequent experiments, In 
their report on the Chester meeting, the judges 
again comment upon the practice of some makers 
in preparing special racing engines ‘‘ provided with 
‘* special arrangements which the makers themselves 
‘“‘ regard as objectionable, and would dispense with 
‘‘in supplying their customers.” ‘They also draw 
attention to the fact that many of the boilers ex- 
hibited were improperly constructed and insuffi- 
ciently stayed. In the specification of the fixed 
engine which took the first prize, the size of cylinder, 
&c., is not given; but Messrs. Hornsby’s engine, 
which took the second prize, had a cylinder 8} in. in 
diameter, with 14in. stroke, and arranged to run at 
125 revolutions per minute. The special prize for 
the fixed boiler was taken on this occasion by Messrs. 
Ransomes and Sims, for a Biddell and Balk’s patent 
boiler, this boiler being of the Cornish multitubular 
type, with the furnace and tubes removable for 
cleaning. 

The next engine trials of the Society were carried 
out at Worcester in 1863, and in this case the 
portable engines were divided into three categories, 
namely, first, engines of over 8, but not exceeding 
12, nominal horse power; second, 8-horse engines 
with expansion valves; and, third, engines of 8- 
horse power or under, without expansion valves. 
The performances of the two best engines in each 
class are recorded in Table I., while Table II. gives 
the results of the two best fixed engines. In the 
case of the third class of portables, Messrs. Brown 
and May's engine was objected to as having tubes 
2} in. in diameter outside instead of inside, as speci- 
fied by the regulations, The judges give no in- 
formation as to the dimensions, speeds, &c., of the 
competing engines, but on concluding their report, 
they allude to the important position which traction 
engines were then acquiring, and recommend that 
they should be specially recognised by the Society, 
and that prizes should be offered for which they 
could compete. The course thus suggested, how- 
ever, was not followed until 1871. 

It was not until 1867 that the Royal Agricultural 
Society again held engine trials, but in that year, 
when the meeting was held at Bury St. Edmunds, a 





large number of engines were brought together for 
competition, there being no less than twenty-three 

ortables and six fixed engines tried on the brake. 
The trials were of considerable interest, but before 
speaking of them, it is desirable that we should say 
a few words respecting the Society's system of test- 
ing and its results as shown in the competitions we 
have already recorded. For the benefit of those of 
our readers who ure not conversant with the So- 
ciety’s system of testing, we may explain that from 
the Lincoln meeting of 1852 to the Chester meeting 
of 1858, the mode of dealing with the portables 
was as follows: After the preliminary experiment of 
ascertaining the time occupied and quantity of coal 
used in raising steam had been carried out, the engine 
was run until the pressure of steam fell to 25 lb. per 
square inch, and the firebox was then emptied and 
the grate swept. ‘The fire was then relighted and 
steam again got up, the fuel used consisting of an 
allowance of 1 lb. of wood and 14 Ib. of coal for 
each nominal horse power at which the engine was 
rated. When the steam pressure had reached 48 lb. 

r square inch, the engine was started, the work 
which it had to do consisting in driving, by means 
of a belt from the flywheel, a friction brake carrying 
a load of such amount that, when the engine was 
running at its nominal speed, it was developing an 
actual horse power on the brake equal to its nominal 
power. The revolutions made by the brake were 
recorded by a counter, and the total number of 
revolutions made during the experiment divided by 
the number of revolutions which the brake should 
have made with the engine running at its nominal 
speed constituted what is known as the ‘‘ mechanical 
time” in minutes. Of course, if the engine was 
run at its normal speed throughout, the actual ‘and 
mechanical times would exactly agree ; as a matter 
of fact, however, the engines were generally run at 
somewhat over their normal speed, and occasionally 
this overrunning, as it was called, was considerable. 
The trial lasted until the allowance of fuel was con- 
sumed and the engine failed to maintain its proper 
speed owing to the falling steam pressure. In the 
trials of 1849, 1850, 1851, 1852, and 1853, the 
same general system was followed, but the firebox 
was not swept out at the end of the first “ruu 
down,” as it was called, the result being that more 
or less fuel was retained in the firebox for subse- 
quent use, In 1854 the plan of completely clearing 
out the firebox was introduced, and the result of it 
will be seen in Table I, in the form of an appa- 
rently slight rise in the fuel consumption of that 
year as compared with the year previous. At the 
Worcester meeting of 1863 the same system was 
followed, except that no wood was allowed for 
relighting fires, the latter having to be lit from a 
very small quantity of fire left in the grate. We 
should add that in all trials care was taken that the 
water-level was the same at the end of the run as at 
the commencement. 

The friction brake used during the earlier years 
was of a simple kind, with the tightness of the wood 
blocks adjusted by an attendant, so as to keep the 
load properly lifted. This arrangement was neces- 
sarily very inconvenient, and at the Lincoln meet- 
ing of 1854, the Society tried an arrangement of self- 
adjusting friction brake patented in that year by 
Mr, William Balk, a German engineer, who was at 
the time in the employ of Messrs. Ransomes and 
Sims, of Ipswich. One of Mr. Balk’s brakes, made 
by that firm, was illustrated by us on page 194 of 
our fourth volume. Subsequently, the Society 
adopted for their brakes the neat arrangement of 
compensating gear designed by the late Mr. Appold, 
and which had originally been embodied in a patent 
taken out by Mr. Appold in 1851. This arrange- 
ment of brake, which we illustrated on 22 of 
our fourth volume, has since been regularly used by 
the Society, and has given every satisfaction. 

_ We have already referred to the exceedingly scanty 
information contained in the judges’ reports upon the 
engine trials made by the Society up to the year 
1863. These reports in fact do not even explain 
the mode of trial, nor do they give any dimensions 
whatever of the competing engine. This is much 
to be regretted, as apart from the value such infor- 
mation would have had at the time, the reports, if 
more complete, would have formed a most valuable 
record of the progress of portable engine construc- 
tion, and would have enabled the steps of that pro- 
gress to be traced, and the effects of modifications 
of design to be analysed. A reference to the Table 
No. L, on page 559, will show that between the years 
1849 and 1863, a most remarkable improvement had 
been effected in the direction of fuel economy, and it 
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would be of much interest if it could be ascertained 
to what extent this increased economy had been at- 
tained by improvements in the boilers, improvements 
in the engines, and increased experience in stoking 
and engine management respectively. That the 
very rapid improvement to be noticed in the earlier 
years was greatly, if not mainly, due to this latter 
cause there can be very little doubt, while the more 
gradual improvement which subsequently followed 
may perhaps be fairly set down chiefly to improve- 
ments in the design and construction of boilers and 
engines. 

We have already explained that up to the year 
1863 the loads which the engines had to drive 
corresponded with the nominal horse power at which 
the engines were rated by their makers, and it was 
early discovered by the leading firms that with such 
light loads a very moderate piston speed was de- 
sirable—even with the low-pressure steam then 
used—in order to obtain an economical mean pres- 
sure on the piston. With a boiler pressure of 45 lb., 
the most economical mean effective pressure on the 
piston would probably be between 18 lb. and 19 lb. 
per square inch, or say about 16 lb. above the 
pressure required to overcome the engine and belt 
friction, and as early as 1854 some of the firms 
— to have arrived tentatively at this con- 
clusion. Of the effect of the load on Messrs. 
Clayton and Shuttleworth’s engine of 1853 we have 
already spoken, while at the Lincoln trials of 1854 
Messrs. Hornsby’s 8-horse engine which received the 
first prize had a cylinder 8§ in. in diameter, and 14 in. 
stroke, the speed being about 120 revolutions per 
minute, at which speed the mean effective pressure 
corresponding to the brake load (apart from engine 
friction) would be 16.1 lb. per square inch. At the 
Carlisle show of 1855 again, the first prize engine, 
Messrs. Tuxford and Sons’, had a 9 in. cylinder with 
12 in. stroke, and was run at 125 revolutions per 
minute, conditions which give a mean effective pres- 
sure due to the brake load, of 16.5 lb. per square inch. 
Messrs. Ransomes and Sims’ 7-horse engine which 
took the second place at Lincola, had, on the other 
hand, a7 in. cylinder with 10 in. stroke, and was run 
at 150 revolutions per minute, while the second 
engine at Carlisle (Messrs, Clayton and Shuttle- 
worth’s 8-horse) had an 8}in. cylinder with 12 in. 
stroke, and was run at 115 revolutions per minute, 
the mean effective pressures due to the brake loads 
only in these two cases being 24 Ib. and 22.4 lb. per 
square inch respectively ; both too high. 

The leading firms of engine builders became 
early believers in the value of separate expansion 
valves and of steam-jacketting, at all events for 
racing engines, and in 1863 at Chester every engine 
which did a high duty was provided with expansion 
slides, notwithstanding that the judges had on 
several occasions spoken disparagingly of these 
details as introducing a complication which was 
undesirable in an agricultural engine. In the 
matter of steam-jacketting, Messrs. Hornsby and 
Messrs. Clayton and Shuttleworth were early in 
devising efficient arrangements, the former firm 
adopting the plan of enclosing the cylinders in the 
upper part of the firebox casing, which was made 
high for the purpose, while the latter in 1853 intro- 
duced their arrangement of steam-jacketted cylinder 
enclosed in the upper part of the smokebox, which 
they have since used in all their racing portables. 
Messrs. Ransomes and Sims, Messrs. Tuxford and 
Sons, and Messrs. Barrett, Exall, and Andrews may 
also be mentioned amongst those who early appre- 
ciated steam-jacketting, and it is somewhat curious 
to consider that at a time when the value of a steam 
jacket was a matter about which opinions were so 
divided amongst engineers generally, a then compa- 
ratively obscure body like the agricultural engine 
builders should have had that value unmistakably 
demonstrated to them by the results of their experi- 
mental trials. 

During the earlier years—and in fact up to the 
trials at Oxford in 1870—no attempt was made 
to separate the performance of the engine from 
that of the boiler by observing the rate of evapo- 
ration per pound of coal burnt. This is to be re- 
gretted, as with the very light work imposed upon 
the boilers by the loads at which the engines were 
then worked a very high rate of evaporation was 
Eee obtained in all the fairly proportioned 

oilers. So far as can now be traced there appears 
prior to the Chester show of 1858 to have been a 
strong tendency to provide “racing” boilers with 
an excess of heating surface at the expense of 
proper space for water circulation ; but the regula- 
tions issued for the 1858 trials—regulations of 





which we have already given the spirit—did much to 
alter this. We shall, however, have more to say on 
this point hereafter. 

Turning now to the tests at Bury St. Edmunds in 
1867 we may, we think, take a little credit to our- 
selves. for having on this occasion inaugurated a 
more eomplete system of recording the details of 
the Society's trials, In Enameerine of July 19th, 
1867, (Woluiv., page 44) we reported these trials at 
co whle length, and gave not only the coal con- 
sumption but the leading particulars of the com- 
peting engines, speeds, &c., information which had 
never before been made public on similar occasions. 
The trials at Bury St. Edmunds included engines of 
three classes, namely, first, fixed engines having 
cylinders not exceeding 11} in. in diameter; second, 
double-cylinder portable engines ; and third, single- 
cylinder portable engines. The trials of the fixed 
engines were conducted on the same system as we 
have already described as being followed in the 
trials between the 1854 and 1858, the load on the 
brake, however, for each engine being calculated at 
the rate of one horse power for every ten circular 
inches of piston area, the mean effective cylinder 
pressure required to overcome the brake load being 
thus equal to the number 4201 divided by the 
nominal piston speed in feet per minute. Thus an 
engine with an ll}in. cylinder would have 132.25 
circular inches of piston area, and the load against 
which it would be worked would be 13.225 horse 
power. The fuel allowance was also calculated on 
the same basis, 14 lb. of coal and 1 Ib. of wood 
being allowed for every horse power which the 
engine had to work against on the brake, The 
steam pressure allowed was 50lb. and the steam 
was supplied by a boiler of the locomotive type 
belonging to the Society, this boiler being mounted 
on wheels so that it could be shifted along the row 
of engines to be tested. The Society’s boiler was 
one made for them some years previous by Mr. W. 
Batley, of Northampton. The firebox was 1 ft. 10 in. 
long by 2 ft. 10in. wide and 2 ft, 6}in. high above 
the grate bars, while the barrel contained 42 tubes 
3 in. in diameter and 7 ft. 5in. long. The full grate 
area was thus 5.2 square feet, and the total heating 
surface 271 square feet (of which 26 square feet was 
firebox surface) but each competitor was allowed to 
reduce the fire grate if he liked by the use of fire- 
bricks. The necessary draught was given by an 
exhausting fan at the base of the chimney, this fan 
being driven by a small portable engine provided 
for the purpose. 

The performances of the two fixed engines which 
did best at the Bury St. Edmunds trials are recorded 
in Table IL., Messrs, Clayton, Shuttleworth, and 
Co.’s engine having a 10 in. cylinder, 20 in. stroke, 
and a nominal speed of 110 revolutions per minute, 
while that of the Reading Iron Company had an 
114 in. cylinder, 20 in. stroke, and a nominal speed 
of 100 revolutions per minute: both engines had 
steam-jacketted cylinders. The piston speeds of the 
two engines were, as will be seen, 333.3 ft. and 
366.6 ft. per minute respectively, and the mean 
effective cylinder pressures required to overcome 
the brake load only would be but 11.46 lb. per 
square inch in the case of Messrs. Clayton and 
Shuttleworth’s, and 12.6 lb. in that of the Reading 
Iron Works. Company’s engine. Even when the 
allowance for engine and belt-friction is added, these 
mean pressures, considering the initial pressure 
available, are too low for the greatest economy, and 
both engines would undoubtedly have done better 
with heavier loads, As will be seen from our ac- 
count* of the Bury trials, the performance of the 
Reading engine suffered from some mishaps which 
occurred during the trial. 

At Bury St. Edmunds the double-cylinder por- 
tables were for the first time allowed a steam pres- 
sure of 80 lb. per square inch, while they were also 
tested with two different loads, one being half as 
much again as the other. For the first trial the 
brake loads were calculated at the rate of 1 horse 
power for every 9 circular inches of the combined 
piston area, the mean effective cylinder pressure re- 

uired to balance the brake load being thus equal to 
the number 4668 divided by the nominal piston speed 
in feet per minute; while for the second series of 
trials the load was 1} horse power for every 9 cir- 
cular inches of combined piston area, the constant for 
calculating the mean effective cylinder pressure, as 
above explained, being in this case 7002. The mode 
of trial also varied somewhat from that adopted in 
the case of the fixed engines, no wood being allowed 





* See ENGINEERING, vol. iv. page 44 


for relighting the fire after the preliminary “ run 
down,” but the fire left in the firebox at the end 
of this run down being allowed to remain. For the 
light load trials the allowance of fuel was 14 lb. 
coal per brake horse power, but for the heavy-load 
trials the quantity was, to save time, reduced to 101b. 
per nominal horse power, as calculated by the So- 
ciety’s rule, or 6.66 lb. per brake horse power actually 
applied. Four engines entered for this competition, 
and the two best results ohtained with each load are 
recorded in Table I. The sizes of cylinders, piston 
speeds, and mean effective cylinder pressures, cor- 
responding to brake loads of the tri ines there 
mentioned, are given in the Table III. subjoined : 
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worth, and Co. ... et 12; 220 21.2 81.8 
Ransomes and Sims 12; 240 19.4 29.2 
Tuxford and Co. ...,| 8 | 12) 250 18.7 27.9 




















The mean effective pressures above recorded are 
all lower than described. for the light loads, but their 
average is probably not far from the best in the case 
of the heavier lo: It is worthy of notice that the 
engines mentioned reversed their relative positions 
in the two sets of trials, Messrs. Clayton and Shuttle- 
worth being first with the light and third with 
the heavy loads, while Messrs. Tuxford and Sons 
were third in the former and first in the latter case. 
This falling off on the part of Messrs. Clayton and 
Shuttleworth with the heavier load was mainly, if 
not entirely, due to the boiler performance, the fire 
being clinkered and the _— short of steam during 
the second trial. As wili be seen from Table I., the 
performance of both Messrs. Ransomes and Sims’, 
and Messrs. Tuxford and Sons’ engines improved 
with the heavier load, and this was only what might 
be expected. Messrs. Tuxford’s engine, we may 
mention, had an unusually large boiler, which un- 
doubtedly proved a great assistance with the heavier 
load. Unfortunately, however, the water consump- 
tions were not taken at Bury, and it is therefore im- 
ossible to discriminate properly between the per- 
ormance of the engines and boilers separately. All 
three of the engines above mentioned had steam- 
jacketted cylinders and separate expansion valves, 
while they were also provided with feed-heaters. 
The single-cylinder portables, like those with 
double cylinders were tested at Bury with two loads, 
the second being 50 per cent. in excess of the first, 
but the steam pressure allowed was 50 lb. per square 
inch only, and the load for the first set of trials was 
calculated at the rate of one brake horse power for 
every 10 circular inches of piston area. The two best 
performances with the two loads are recorded in 
Table I., while below we give the dimensions of the 
cylinders of the successful engines in each case, 
with the mean effective cylinder pressures corres- 











ponding to the loads. 
TABLE IV. 
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Clayton, Shuttleworth, 
and Company | 9 132) 240 17.5 26.3 
Tuxfordand Sons__....|_ 9 /12) 250 16.8 25.2 
i Tron Works 
Company .. ...| 10 |18| 360 | 116 | 1738 




















All three of the* engines above mentioned had 
steam-jacketted cylinders and expansion slides, and 
all three did better with the heavy than the light 





loads, This is a result which might have been 
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STEAM ROAD ROLLER AT THE KILBURN SHOW. 
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anticipated in the case of the Reading engine which 
had much too low a mean effective cylinder pressure 
with the light load, but the improvement in the 
case of the two other engines is not so readily 
accounted for. It will be seen from Table I. 
that the coal consumptions recorded in the case of 
the Reading Iron Company’s, and Messrs. Clayton, 
Shuttleworth, and Co.'s single-cylinder engine with 
the heavier loads are abnormally low, and we have 
marked them as doubtful, Our reason for this is 
that on account of the reduction in the coal 
allowance, the effect of the fuel remaining in the 
grate after the first “‘run down” was greater in 
these than in the first series of trials, while in the 
case of the Reading Iron Works Company's engine, 
the cut-off was varied at the end of the trial in a 
manner that appeared open to question. At all 
events we are not aware that the performance then 
recorded has ever been repeated, And here, before 
taking leave of the Bury trials, we may say a few 
words respecting the manner in which they were 
officially re . Shortly after the Bury meeting, 
the Society issued some tabular statements of re- 
sults which we reprinted on page 94 of our 
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fourth volume. In these Tables no distinction was 
drawn between the two sets of trials to which the 
portables had been subjected, but the coal con- 
sumption for each engine was calculated by averaging 
the results in the two sets of trials, and assuming 
that in the second set each engine worked at its 
nominal power only. Of course a consumption so cal- 
culated had po value, and was utterly aiiieiine, and 
this we pointed out at the time. The tabular state- 
ment thus officially issued was, we are glad to see, 
not included in the judges’ report ultimately pub- 
lished in the Society’s Journal, but although it was 
thus withdrawn no other was substituted for it, and 
the results of the Bury trials thus remained ultimately 
unrecorded save in our columns. 

The next steam engine trials carried out by the 
Royal Agricultural Society, namely, those which 
took place at Oxford in 1870, are specially note- 
worthy asthe last at which the Society have con- 
ducted any tests of fixed engines. Considering that 
for farmers’ purposes the fixed engine has practi- 
cally been almost entirely supplanted by the portable, 
there is little chance of these fixed engine trials being 
repeated, but if ever they are it will be desirable 
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that the regulations in force at Oxford should be 
very materially modified. In the earlier days of 
the Society it was, as we have seen, the practice to 
test both stationary and portable engines at the same 
meeting, but warned by the excessive amount of 
work which had to be done at Bury St. Edmunds 
the Society determined to divide the engines into two 
categories, and to test at Oxford stationary engines 
and semi-portables of 4 horse power only, t- 
poning the trials of the ordinary portables until two 
years later. 

The manner in which the trials of fixed engines 
were carried out at Oxford was, as far as the general 
arrangements were concerned, identical with that 
adopted at Bury St. Edmunds, the Society’s boiler 
being again employed, but the allowance of 1 lb. of 
wood per horse power for relighting the fire after 
the preliminary ‘‘ run down” was discontinued, and a 
difference made in themode of proportioning theloads. 
Thus, whereas at. Bury the brake load given to each 
engine was calculated atthe rate of one horse power for 
every 10 circular inches of piston area, at Oxford the 
load against which each engine was run corresponded 
to the nominal ue at which that engine was rated 
by its maker. e effect of this we shall explain pre- 
sently, As will be seen from Table No. II., page 559, 
the results obtained by the first and second engines 
showed an improvement on those obtained at Bury 
St. Edmunds, both these engines working with a 
lower consumption than the first prize engines at 
the Bury trials. The performances of the and 
second engines at Oxford were in fact so close that 
- judges decided to divide the first prize between 

em. 

The 10-horse engine sent by Messrs. Clayton and 
Shuttleworth (which worked with the lowest con- 
sumption) had a 10 in. cylinder with 20in. stroke, 
and it was run et the nominal speed of 65 revolu- 
tions, giving a oor speed of 216%ft. per minute, 
this slow speed having evidently been adopted in 
order to obtain a favourable mean effective pressure 
on the piston. The Reading Iron Works Company, - 
on the other hand, entered as a ‘‘10-horse” an engine 
having an 8§ in. cylinder with 20 in. stroke, and 
they adopted a nominal speed of 105 revolutions, 
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corresponding to a piston speed of 350 ft. per minute. 
The eiastion in size of cylinder, however, was pro- 
portionately less than the increase of piston speed, 
with the size and speed 
Messrs. Clayton and Shuttleworth, and hence while 
Messrs. Clayton’s engine required a mean effective 
uare inch to overcome the 
rake load apart from friction, the corresponding 
mean effective pressure in the case of the ing 
Iron Works Company's engine was 16.) lb, only. 
were, however, more favour- 
able than those which existed in the case of the 
trials, and it is to this no doubt that the better 
its obtained are to be attributed. Both the 
engines had—as was also the case at Bury—steam- 
jacketted cylinders and 
good feature introduced at the Oxford trials 
was the limitation imposed upon the number of at- 
tendants allowed to each engine. 
some previous trials the e 
been regularly ‘‘ nursed,” 
by one person oiling the engine, another breaking 
his coal for him, and so on. 
wisely put to all this, and one man only was allowed 
to stoke the boiler and attend to the engine. At 
Oxford also the judges commented upon the de- 
sirability of means being taken to ascertain the 
water used as well as the coal consumed by each 
engine, and although the necessary arrangements to 
permit of this being done were not got ready in 
time to be used regularly at all the trials, yet during 
the experiment with the Reading Iron Works Com- 
ny’s engine, the eva 
iler was tested, and it was found that 9.37 lb. of 
und of coal used. This 
by the engine as 9.37 


ressure of 19.4 ib. per 


had in some cases 
stoker being assisted 


At Oxford a stop was 


of the Society’s 


water were evaporated per 
would give the steam 
X 4.22 =39.54 Ib. 
equivalent probably to about 34 lb. per indicated 
horse power per hour, a low consumption consider- 
the very moderate steam pressure available. 
n the case of the 4-horse semi-fixed engines, the 
load on the brake was fixed at 4-horse power for all 
competitors. For this load Messrs. Clayto 
Shuttleworth provided a 7 in. cylinder, with 12 in, 
stroke, and speed of 110 revolutions or piston speed 
of 220 ft, per minute, while Messrs. Brown and 
May, who took the second prize, had a 7,%, in. 
cylinder, 12 in. stroke, and a 8 
tions or 240 ft. per minute, 
cylinder pressure corresponding to the brake load 
was in the case of the former engine 15.6 lb., and 
on that of the latter 13.61b.per square inch, the 
latter being somewhat too low for the best results. 
Both the engines just mentioned, as well as that 
ing Iron Works Company, had 
boilers of the ordinary locomotive type; but with 
these exceptions, the competing engines of this class 
had vertical boilers, an impression having somehow 
got abroad that this competition was for engines 
with vertical boilers only. The best result given 
by any with a vertical boiler was that obtained by 

essrs. Marshall, Sons, and Co., whose engine was 
supplied with steam by a Field boiler, and the con- 
sumption of which was 5.67 lb. per brake horse power 
As far as the allowance of coal was con- 
les were tested at Oxford under 
the same itions as the fixed engines. 

Next year—in 1871—the Society held their show 
at Wolverbampton, and here 


d of 120 revolu- 
he mean effective 


y broke new 
out a series of trials of agri- 
cultural locomotives, both on the brake and on the 
road. Of this most interesting series of trials we 
at the time published full details (vide page 449 of 
A. and 19 ~£., oe 
only necessary here that we 
should direct attention to the general results as far 
as the consumption of fuel was concerned, and also 
points in which the modes of testing 
adopted at Wolverhampton differed from that 
ted on previous occasions. 
or some years prior to 1871, traction engines 
ving engines of a lighter class to which 
icultural locomo:ives” had been 
n taking an im 


our eleventh, and 
volume), and it will 


the name of “ 
aptly given, had 
amongst —— to the farmer, 
ciety acted y in giving a special prize for which 
such engine could compete, and in 
thorough trials to test the .advan 
8 before the public. The duties 
locomotive is called u 
f an ordinary een achevendie 

of an an that it 
perform them successf 


, it is necessary that 
engines should be 





portables at present carry, while it 





erative that the distribution of the steam should 
effected by link motion, the power of re- 
versing — required, These differences, and es- 
pecially the higher steam pressure, rendered it very 
undesirable that the traction engines should be 
tested on the brake under the conditions which had 
been on former occasions enforced for portables, 
and the engineers of the Society, fully recognising 
this, framed the rules for the Wolverhampton com- 
tition in a liberal spirit, which was most creditable 
all concerned. Instead of cramping the powers of 

e engines with a low steam pressure and small 
brake load, they left it to each competitor to de- 
clare for himself the pressure at which he desired 
his engine to work, the speed at which he proposed 
torun, and the load which he preferred to have on 
the brake; and each maker was thus enabled to 
have his engine tested under the conditions which 
he deemed best calculated to prove its practical 
value. 

The effect of these liberal conditions was most 
satisfactory. Instead of working their engines at 
powers much below those usually demanded from 
them in regular service, the makers, without ex- 
ception, entered their engines to work against loads 
of from two to three times their nominal power, and 
the results obtained were thus of real practical value. 
The general arrangements for ing out the 
brake trials were much superior to those provided 
on previous occasions. tead of the engine 
under trial driving the brake by a belt, it had its 
crankshaft coupled direct to the brakeshaft by a 
short length of shafting with two universal joints, 
and thus all trouble from..slipping of belts was 
avoided. Indicator diagrams also were taken during 
the trials on the brake, and provision was made for 
measuring the quantity of water used, as well as the 
coal, while the judges’ report of the trials, as sub- 
sequently published in the Society's journal, was 
far more fully detailed, and of much greater scien- 
tific value than any similar report published on a 
previous occasion. 

We have in Table No, I. recorded the coal con- 
sumptions of the two engines which did best in the 
brake trials at Wolverhampton, namely, the 10- 
horse and the 6-horse of Messrs, Aveling and 
Porter, and it will be seen that these consumptions, 
although higher than those of the suboattel port- 
ables at Bury, are yet exceedingly creditable, 
when the conditions under which they were ob- 
tained are considered. In considering these results 
several special points have to be taken into ac- 
count ; and one of these is, that in an agricultural 
locomotive the total weight of the machine is an 
important matter, and hence the size of boiler 
which can be practically — to an engine of a 
given power is limited. The result of this was, 
that the boilers at Wolverhampton were far more 
hardly worked than they are during an ordinary 
portable engine trial, and hence the evaporation ob- 
tained per pound of coal was less than in the latter 
case. For instance, Messrs. Aveling and Porter’s 
10-horse engine developed during its trial a brake 
horse power for every 6.1 square feet of total heat- 
ing surface, while the following year the first prize 
Lognpensy Clayton and Shuttleworth’s— 

ad 15.1 square feet of total heating surface for 
each horse power developed on the brake. No 
doubt the Peprseeay had an ees 
advantage in the higher steam pressure permitted | engine, when under trial, direct to the brake spindle 
to them, but this was not by any means sufficient to intermediate shaft with two universal joints 
compensate for the extra work thrown on their bok aS ; 


boilers. Another point also was that, having to|j 
work with a link motion, and it being moreover 
necessary that this link motion should give a 
tolerably late admission in full gear, 80 as not to 
cripple the engines when on the road, the steam 
could not be used to as great an advan as it 
could when a separate expansion slide is employed. 
The mean effective cylinder ures due to the 
brake loads only were, in the case of Messrs, 
Aveling and Porter's 10-horse and 6-horse 
“om took he Se I gar 2 places Food Ww 

pton, 52.5 lb. and 42 Ib, per square Trespec- 
tively, the 10-horse engine having a 10 in. cylinder, 
12 in. stroke, and being run at the nominal speed of 
120 revolutions per minute, while the 6/horse had a 
52 in. cylinder, 10 in. stroke, and a nol _— 
160 revolutions. The steam in the two 
cases (apart from the steam: , in the steam 
ackets and drained back into the boiler for re- 


a very heavy field course at Barnhurst, near Wolver- 
hampton, derived special interest from the fact that 
two of the competing engines were fitted with india- 
rubber tyres on Mr. Thomson’s system, a system 
which was at that date attracting great attention. 
On the hard road these tyres did fairly well (although 
the engines to which they were fitted could not com- 
pete as regarded economy of working with that which 
took the first prize), but on the field road, when they 
had to contend against bad weather and soft mud, 
they proved simply useless. Altogether the Wolver- 
hampton trials fully proved that for farmers’ use, at 
all events, india-rubber tyres possessed no advantages 
which would warrant their use, attended as it is 
with great expense. 

One of the principal features—if not indeed fhe 
principal one—of the Wolverhampton show con- 
sisted in the exbaustive series of trials of steam- 
ploughing tackle, and it was originally intended to 
include as part of these trials, tests of the steam- 
ploughing engines on the brake. Circumstances, 
however, prevented this part of the performance from 
being carried out, and we have, therefore, nothing 
to record here as to the economy of steam-plough- 
ing engines regarded as steam motors only. Of the 
results obtained from them, when working these 
steam-cultivating machinery, we shall speak on 
another occasion. 

We now come to the last steam-engine trials 
carried out by the Royal Agricultural Society, 
namely, those of portables conducted at Cardiff in 
1872. These trials were in many respects the most 
important which had ever been conducted under 
the auspices of the Society, the arrangements for 
testing being well planned, and the observations 
made during the experiments being very complete. 
Following the practice which they had inaugurated 
in the case of the Wolverhampton trials the previous 

ear, the authorities of the Royal Agricultural 
Society, in framing the regulations* for the Cardiff 
trials, removed all the objectionable restrictions as 
to size of tubes, diameter of cylinder, and amount 
of load, by which makers had been trammelled in 
the case of the trialsat Bury and on previous 
occasions, whilst they also allowed the use of steam 
of 80lb. pressure instead of the 501b. to which 
single cylinder portables had previously been 
limited. In fact, the only restrictive clause in the 
Cardiff regulations was.one to the effect that none 
of the competing engimes should be of more than 
eight nominal horgepa@wer, the “nominal horse 
power” being at -agine time defined as one-third 
of the indicated er’ which the engine would 
exert if worked h0 1b. steam cut off at three- 
fourths of the stf0ké, and with the periphery of the 
flywheel runnigg ab 1884 ft. per minute. As we 
pointed out af the time (vide page 1438, vol. xii.), 
weally meant nothing, as by varying 
the size of th@Miywheel with which his engine was 
fitted, any make rmitted to send in 
for competition an engin th any sized cylinder, 
and run at whatever. he liked. As was 
to be expected, the ter of the regula- 
tions vastly promoted the interest felt in the trials, 
and it nO ea tad arene the case at Wolver- 
hampton—to the engines being tried with loads 
which fairly represented those which they might 
be expected to have to drive in regular practice. 
The plan of coupling the crankshaft of each 



















































































being allowed to each engine for each e horse 
power which it had to drive, and no wood being 


allowed for relighting the fire after the preliminary 
run down. Tadloasee diagrams were taken during 
each run a, the ars atrangements pro- 
vided by makers for indicating some of the 
engines d ed the value of the cards in some 
i the quantity of water evaporated 
was also carefully measured, while observations were 
taken of the tem of the feed and of the 
temperatures in smokebox, All the leading 
se the competing engines were also made 
The results of the Cardiff trials were on the whole 


very satisfactory, the performancest of the leading 
ean Site ciceclalic ased, aacwill be ccen front 
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evaporation) were per brake: se power 31:7 lb. | = ae : 
and 37.12 Ib. res ively. y Ue tele oe 3.8 ise of cnr Ree meal by us in evens on 

The trials of the icultural locomotives on the A fall report of the trials at Cardiff will be found on 
road between Wolverhampton and Stafford, and over ' pages 21 and 35 of our fourteenth volume. 
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the best and second-best results, which we record 
in Table I. The engine sent by Messrs. Clayton 
and Shuttleworth, which gained the first prize, had 
a cylinder 84 in. in diameter, with 12 in. stroke, and 
the nominal speed during the trial was 110 revolu- 
tions, or 220 ft. per minute, while the load on the 
brake was 14-horse. The boiler contained 56 tubes 
2,3, in. in diameter outside, and 6 ft. long, these 
tubes exposing a surface of 194.6 square feet, while 
the firebox surface was 25.4 square feet, making 
220 square feet in all. The nominal grate area was 
5.3 square feet, but this was reduced during the 
trial to 3.2 square feet, while the aggregate area of 
the air spaces through the grate was 1.13 square 
feet, and the flue area through the tubes 1.22 square 
feet. The cylinder was well steam-jacketted, and 
placed in the upper part of the smokebox, and was 
fitted with an expansion slide controlled by the 
governor. ‘There was also a feed heater. As re- 
corded in our Table, the coal consumption was 
2.79 lb. {per brake horse power per hour, and the 
weight of steam used (apart from that which was 
condensed in the jacket and drained back into the 
boiler for re-evaporation) 31.7 lb. per brake horse 
power per hour, the boiler evaporating no less than 
11.81 1b. of water per pound of coal, the tempera- 
ture of the feed being 208 deg. The mean effective 
cylinder pressure due to the brake load only was 
33 lb. per square inch. The relation of the indi- 
cated to brake horse power could not be ascertained 
in the case of this engine in consequence of the 
small size of the passages to the indicators. 

The engine by the Reading Iron Works Company, 
which took the second place, had an 8} in. cylinder, 
with 14 in. stroke, and it was run during the trial at 
a nominal speed of 140 revolutions, equivalent to a 
piston speed of 3263ft. per minute, while the load on 
the brake was equal to 17-horse power. The cylinder 
was fitted with a steel liner, and was steam-jacketted 
all over, while an expansion slide was provided, con- 
trolled by the governor. The engine was also fitted 
with a feed heater. The boiler contained 39 tubes 
22 in. in diameter outside, and 6 ft. long, these 
tubes giving a heating surface of 167.5 square feet, 
while the firebox surface was 40.5 square feet, mak- 
ing 208 square feet in all. The ratio of firebox to 
tube surface was, as will be seen, unusually large. 
The normal grate area was 7.2 square feet; but 
during the trial a grate area of 2.37 square feet only 
was used. The aggregate area of the air-ways 
through this grate was 0.92 square feet, and the flue 
area through the tubes 1.33 square feet. As re- 
corded.in Table I., the consumption of coal per 
brake horse power per hour was 2.88 lb. only, the 
performance of this engine and that of Messrs. 
Clayton and Shuttleworth’s thus differing but very 
slightly. The water consumption per brake horse 
per hour (apart from that drained back into the 
boiler from the steam jacket) was 29.2 lb., or less 
than that used by Messrs. Clayton and Shuttle- 
worth’s engine; but, on the other hand, the boiler 
performance was not so good, the evaporation being 
10.49 lb. per yous of coal from a feed temperature 
of 210deg. In comparing the performance of the 
two boilers, however, it must be remembered that 
the rate of evaporation per square foot of heating 
surface was considerably higher in the Reading 
Tron Company’s than in Messrs. Clayton and 
Shuttleworth’s boiler, and this, no doubt, had a 
considerable influence on the result. The mean 
effective cylinder pressure due to the brake load 
only was, in the case of the Reading Iron Works 
re engine, equal to 30.26 lb. per square 
inch, 

We have given, at some length, the particulars of 
the two engines which took the first and second 
places at Cardiff, not only because they are of much 
interest for comparison with the particulars pre- 
viously given of early engines; but because they 
represent the latest practice which has been tested 
by the Royal Agricultural Society. Seven years 
have now elapsed since the trials at Cardiff, and it 
is noteworthy that many of the details which formed 
— features of the engines which competed on 

at occasion, have since been adopted in the 
regular practice of their respective makers. i 
is, in fact, a result which has more or less followed 
most of the trials carried out by the Society. A 
good deal has, from time to time, been written 
about “racing” engines, and it has been alleged 
that the Society’s trials promoted the production of 
such engines only, and not the improvement of 
commercial engines generally. Nothing, however, 
could be more untrue than such a statement, and, 


building has made during the past thirty years is 
sufficient proof of its injustice. lt is quite true, 
however, that as originally carried out, the Society’s 
trials fostered what we may call an unhealthy 
growth amongst the engines entered for competi- 
tion, that is to say, the conditions of trial were 
such as permitted, and indeed offered a premium to, 
the adoption of proportions which were not the best 
for general use. Even with this drawback, however, 
the early trials led to the dissemination amongst the 
competing firms of a great variety of knowledge as 
to the conditions essential for economical working, 
and although the design of the so-called racing 
engines might not be strictly followed, yet the 
knowledge so gained was turned to good account in 
the manufacture of “‘ commercial” engines. In the 
later trials, such as those at Wolverhampton and 
Cardiff, the benefits of the competition were even 
more marked, as the loads at which the engines 
were tried were approximately those with which 
engines of similar size would Have to work in 
practice, and thus in ascertaining the best pro- 
portions for the competitive — the makers 
were accumulating experience which was directly 
available for the improvement of their commercial 
products. 

No one in fact can, we think, examine into the 
results of the various engine trials of the Royal 
Agricultural Society, and at the same time trace the 
proarens of portable engine construction without 

ing forcibly struck by the close relationship 
between the two. A strong feature in portable en- 
gine progress has been the gradual adoption in 
regular practice of features which had been pre- 
viously Temnctected to be of value on the trial 
ground. Thus it is that steam-jacketting has been 
regularly adopted by all the leading firms during the 
past few years, and thus it is that automatic ex- 
pansion gear is now steadily and rapidly making its 
way. Apart from the question of proportions also, 
the construction of competing engines or “ racers” 
has had certainly a noticeable effect upon the im- 
— of workmanship. A badly-made engine 

as no chance at such competitions as those held b 
the Royal Agricultural Society, and every well- 
made engine turned out by = 3 firm exercises a 
certain educational effect on concerned in its 
production, and this effect is never entirely lost, 
although in some cases its results may be more 
noticeable than in others. 

Those who like “ourselves have been in the habit 
of regularly attending the annual shows of the Royal 
Agricultural Society and kindred bodies, and have 
carefully examined the engines exhibited on such 
occasions, are well aware of the immense strides 
which have been made—even within the last ten years 
—by agricultural engineers in the matter of work- 
manship. Formerly faults—and serious faults—of 
workmanship were common ; now it is comparatively 
rare to find bad workmanship even amongst the pro- 
ductions of minor firms. As regards the chief makers, 
the enormous extent to which the demands upon them 
have grown has led to the development of their 
manufacturing appliances in a manner unequalled in 
any other branch of engine building. By the lead- 
ing makers portable engines are now “ manufac- 
tured” in the true sense of that term, and in the 
practice of our chief agricultural engine worksho 

there is very much which might be advantageously 
imitated in other branches of mechanical engineer- 


ing. 

Tsing the last year or two a great deal has been 
said and written about foreign competition, and it 
has been pointed out that in many branches of me- 
chanical industry which we Englishmen once thought 
eculiarly our own we are now being beaten in 
oreign markets by rival manufacturers in America 
and elsewhere. While there is undoubtedly truth 
in much that has been said on this head, it is grati- 
fying to notice the position which is still—and 

romises long to be—held by our — engine 
Puilders, In the manufacture of some classes 
of agricultural implements—notably ploughs and 
rea —we have unfortunately been to some extent 
] fground in certain foreign markets, but with 
portable engines we still do more than hold our own, 
a result which isno doubt due to the strong and 
healthy eer re which has or hae een 
our makers themselves, and to the thorough publi 
given by the various agricultural shows to all im- 
provements as soon as bv: are introduced, 

But while ¢ ost Lien y for our 
agricultural engine builders, we very far from 
desiring to maintain either that their productions 





in fact, the rapid progress which portable engine 


have reached finality, or that there are not points in 


the practice of foreign rivals worthy of attention. 
Let us say a few words on the latter matter first, 
the subject being an especially suitable one to deal 
with at the present time when the Royal Agricul- 
tural Society is holding an international exhibition. 


Abroad, France and the United States are the only 
countries where the manufacture of portable engines 
has arrived at anything like large dimensions, and 


in neither of these has it approached the importance 
which has been reached here, The French portables 
are, with few exceptions, not of types which would 
be received with favour inthis country. In the vast 
majority of cases the engines have cast-iron bed- 
plates fixed to the top of the boiler, and carryin 
the cylinders, crankshaft plummer blocks, crossh 
guides, &c. External copper steam pipes are 
generally used between the boilers and cylinders, 
the latter are rarely Hag prs and if auto- 
matic ion is it is generally of the 
Farcot, or modified Farcot , an arrangement 
which we cannot regard as well adapted for small 
quick-running engines, In the features we have 
enumerated there is, in fact, nothing that we could 
recommend for imitation. The cast-iron bedplate 
has, we know, met with strong advocates on the 
score that it relieves the boiler from strains due to 
the working of the engine, and which it is unfitted 
to bear. The best Meg tes this is to be obtained by 
an inspection of the boilers of portable engines 
which have seen considerable service, and the answer 
given by such boilers is that, with the pressures 
which have so far been common, the strains due to 
the working of the engine do not cause distress. 
In very — engines, or in ordinary engines work- 
ing at the higher pressures which are now coming 
into use, a direct connexion between the cylinders 
and crankshaft bearings is undoubtedly desirable ; 
but for portable engines this direct connexion can, 
we consider, be obtained in several ways which are 
referable to the cast-iron bedplate so largely used in 
Fonsen For the boilers a favourite pattern with 
French makers is the old Bury type of locomotive 
boiler with a circular firebox casing extending high 
above the barrel, so as to form a capacious steam 


chamber. This latter feature is undoubtedly an 
advantage, but it is purchased at the se of a 
weakened structure, the junction of the 1 and 


circular firebox shell being an undoubtedly weak 
point, unless special means are employed to 
strengthen it. Another favourite form of boiler in 
France is the cylindrical return tube boiler, the fur- 
nace flue and tubeplate at the front end being in 
many cases connected to the barrel by a bolted 
joint, so that the whole furnace with the tubes 
can be withdrawn for cleaning. It it is now 
many years since Messrs. Ransome, of Ipswich, 
introduced Biddell and Balk’s boiler, in which 
a similar end was attained in a somewhat dif- 
ferent way, but the French plan possesses some 
advantages, and it is, we think, worthy of more 
attention than it has hitherto received in this 
country, and particularly in districts where very bad 
water to be dealt with. We know that there is 
a strong prejudice here against ve Aa oe joints 
in boilers, but we believe that this has, in a great 
measure, arisen from such joints being badly carried 
out. To avoid trouble it is necessary to give such 
joints excessively thick flanges, and to take care that 
the joint is will fitted in the first instance. At all 
events, the extensive use in France of the class of 
boilers of which we are speaking proves that their 
employment is not accompanied by any insur- 
mountable difficulty, Respecting the economy of 
these return tube boilers as steam generators, we 
have no definite information, but we see no reason 
why they should not do fairly. 

the portables produced by other Continental 
nations, but little need be said. In Germany and 
Austria a number of the te ie made are direct 
copies of English type, while others approximate to 
the French, but there is no pattern which can be 
regarded as distinctively German. Belgium, Italy, 
Russia, and Norway are also without distinctive 
types, but in Switzerland some portables having a 
number of special features have been produced by Mr. 
Charles Brown, of the Swiss Locomotive and Engine 
Works, Winterthur. We hope on a future occa- 
sion to be able to illustrate one of Mr. Brown’s 
portables, and notably a class of very small light 
engines which he has made for use in mountainous 
districts, and which have probably as few parts as 
ag Beker pred yet built. 

the U States the largest makers adopt the 
regular locomotive of boiler, and an arrange- 
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AUXILIARY PUMPING ENGINE WITH “COMET” PUMPS FOR THE YACHT “WANDERER.” 
CONSTRUCTED BY MESSSRS. HENRY BALFOUR AND CO., ENGINEERS, LEVEN. 


(For Description, see Page 573.) 
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here, although some important firms follow the 
French practice of mounting the engine proper on 
a cast-iron bedplate secured to the boiler. The 
boilers, however, are very generally of lighter 
plates than is usual with us, and the steam 
pressures are generally higher, 120 lb. per square 
inch being common. By She leading “See the 
cylinders are regularly steam-jacketted, while feed- 
heaters and expansion valves are frequently applied. 
A distinctive feature in many American engines is 
the extensive use of cast-iron bearings lined with 
Babbitt metal in place of the brass bearings em- 
ployed by us. As used by the best firms these cast- 
iron bearings are made very long, the J.C. Hoadley 
Company, for instance, using bearings 6} in. in dia- 
- meter and 123 in. long for an engine with a 14-in. 
cylinder. With such proportions as these, we be- 
lieve that cast-iron bearings lined with Babbitt 
metal do extremely well, and prove very durable. 
Although no doubt some prejudice would exist 
against their use here, yet we believe that in 
many of the cheaper classes of engines they would 
give far more satisfaction than the brass bearings 
now used, these being in many instances—amongst 
the class of engines to which we are now alluding— 
kept far too amall in order to reduce first cost, 

inally, before concluding this very lengthy 
article, we desire to say a few words respecting the 
direction in which Y epee. engine improvement 
may be expected in this country. 

irst as to the boiler. For general pu s we 
do not think that the locomotive type is likely to 
be superseded, but in cases where particularly bad 
water has to be used, a boiler with removable fire- 
box and tubes may probably be advantageously 
used. As a material for boiler construction we 
consider that the change from iron to steel is only a 
question of time, and there is every reason to be- 
lieve that the change will eventual], be a rapid one. 
By the use of steel portable engine builders will be 
able to make boilers suitable for much higher pres- 
sures than at present without increase of weight, a 
very important point. The paper on “S and 
lron Boilers,” read by Mr. Greig and Mr. Max E 
before the Institution of Mechanical Engincers last 
week, isan important contribution to our knowledge 
of = cael ty all ore ge be carefully read 
and digested interested in portable engine 
construction. As regards the proportions of bollers 
—that is to say the relative proportion of grate 
area, heating surface, and flue area—there is room 


for improvement in the productions of many 








firms—and even amongst leading makers—although 
no radical alteration is required, the faults which 
exist being in many cases such as have arisen 
through carelessness in graduating the dimensions 
of boilers of different powers, More attention 
is in fact required to what many makers con- 
sider minor points, but which really materiall 
affect boiler performance. The carelessness wi 
which blast nozzles are fixed is a case in point. 
It is really more the exception than the rule—ex- 
cept in the case of a few firms—to find a blast nozzle 
made as it should be, while it is very rarely that it 
is placed in anything approximating to the best 
position. 
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Next as to the engine proper. As we have 
already stated, our leading firms now thoroughly 
appreciate the value of steam-jacketting, and 
some of them have been most successful in their 
application of automatic expansion controlled 
by the governor, both important aids to economy. 
But the full value of steam-jacketting and expansion 
can only be obtained by the adoption of higher 
pressures than have yet found their way into general 
portable engine practice; undoubtedly much pro- 
gress has been made in this direction, and pressures 
of 80 1b. are now nearly as common as 60 lb. a few 
years ago; but more than this is wanted. Fortu- 
nately the introduction of steam-ploughing ma- 
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VOSPER’S FOUR-CYLINDER ENGINE AT THE KILBURN SHOW. 










(For Description, see Page 574.) 
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CENTRIFUGAL PUMP AT THE KILBURN SHOW. 


CONSTRUCTED BY MESSRS. J. AND H. 


GWYNNE, ENGINEERS, HAMMERSMITH. 


(For Description, see Page 574.) 
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chinery and self-moving engines has compelled the 
adoption, in a vast number of instances, of the 
higher pressures we advocate, and hence all farmers 
are now more or less familiar with them. The in- 
troduction into the farmyard of the pressures now 
common on the road or in the ploughing field, is 
only a short step, and it can scarcely be long before 
itis taken. Pressures of from 100 Ib. to 130 lb. per 
square inch will, we are convinced, before many 
years, be the common pressures for portables, and 
makers will do well to bear this in mind. 

The portable engine of the future will also, there 
can be no room to doubt, be a self-moving engine; 
but it is not improbable that it may take a form 
differing in some important particulars from any self- 
moving engine yet in the market. The “ agricultural 
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mt 


locomotive” of the present day has grown out of the 
traction engine, ant although an irable engine 
in many respects, we do not regard it as a type to 
be ultimately adopted. Our reasons for holdin 
this opinion are that in the so-called “ agricult 
locomotive” it has hitherto been too much the 
fashion to make the adaptability of the engine to 
stationary purposes subordinate to its working on 
the road. On the other hand, in the future “ self- 
moving portable”—as we may call it for distinction 
—we shall expect in a great measure to find these 
conditions reversed, and the tability of the 
angie for ——— service be en driving -~ 
chinery regarded as of paramount importance. 

the soliensy agricultural locomotive the distribution 
of the steam is effected by the link motion and the 
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engine controlled—when employed on stationary 
work—by the governor acting on a throttle valve, 
It moreover not unfrequently—in fact, we might 
probably write most frequently—happens that when 
such an engine is employedinthrashing or performing 
similar work, the attendant makes oy imperfect use 
of the power of expansion which the link motion 
gives him, and allows the engine to be controlled by 
throttling alone, the steam being hence used most 
uneconomically. As matters at present stand the 
relatively high steam pressure which agricultural 
locomotives carry as compared with portables of the 
best class with expansion valves, does much to 
counteract—if indeed it does not in some cases re- 
verse—the difference which would otherwise be 
noticed between the performances of the two classes 
of engines; but once let portables with efficient 
automatic expansion gear get the benefit of steam 
at 1201b. or 130 1b. pressure instead of 801b., and 
the relative want of economy of the ordinary agri- 
cultural locomotive will become marked. 

We also consider that with the introduction of 
higher pressures the compound system is certain to 
come into much favour for agricultural engines. It 
involves some extra complication, it is true, as com- 

with an engine with a single cylinder, but we 
consider that in a vast number of cases this will be 
far more than compensated for by the benefits gained. 
The results obtained by the compound system on 
shipboard and elsewhere have proved beyond all 
doubt that quite apart from any question of steam 
economy it has most decided advantages in reducing 
wear and tear. Already we notice that an im- 
portant firm—Messrs, J. Fowler and Co.—are taking 
steps towards its — for certain classes of 
their engines, and we believe that its application in 
other quarters is only a matter of time. Witha 
boiler carrying, say, 130 lb. of steam, and a well- 
designed engine of the compound type with steam- 
jacketted cylinders and an efficient automatic ex- 
pansion gear, it is, we consider, ible to pro- 
duce a portable which would be in every way a 
most important advance upon anything yet in the 
market. Who will bring out such an engine first ? 








WOOD-WORKING MACHINERY AT THE 
KILBURN SHOW.—No. I. 

Woop-workING machinery bids fair to be well re- 
presented at the Royal Agricultural Society’s Show, 
many of the leading makers naving important ex- 
hibits. Of these we have this week space only to 
notice those of Messrs, Allen Ransome and Co., of 
Chelsea, who show a fine set of machinery for 
making butter kegs, a by d appropriate exhibit for 
such an occasion. It will be remembered by many 
of our readers who visited the Paris Exhibition of 
last year that Messrs. Ransome showed on that 
occasion a somewhat similar set of machinery which 
attracted considerable attention ; the series of ma- 
chines which are now exhibited, however, and which 
we this week illustrate, include some important im. 
provements lately introduced. 

The construction of cooperage machines is a more 
difficult matter than woul } ge ‘facie appear, as the 
problem is not limited to the production of those 
geometric forms comprised in a barrel, but is in the 
exigencies of practice affected by many intervening 








































































































57® 
considerations; as, for instance, the behaviour of 
the wood under the compression of hooping, the 
subordination of the appearance of the finished cask 
to the most rigid economy of material, and the 
necessity of the absolute tightness of the inner sur- 
must also be paid to what at first 
sight might appear to be the prejudices of the opera- 
tive cooper—prejudices, however, which are gene- 
rally the result of accumulated experience uncon- 





face. Due regard 


sciously acquired. 


‘The material to be operated on by the machines 
now under notice is white poplar, though oak, ash, 
beech, or fir may be used. By means of a small 
machine, no special description of which is needed, 
the material is first planed on that surface which is 
afterwards to form the inside of the keg, this planing 

cles of wood 

e outside, how- 
laned if considered desirable. 
The planed material is then, in the case of the staves, 
conveyed to the stave-jointing machine, which we 
illustrate this week on page 552, Figs. 1 and 2, and 
which is so constructed that two lads may work at 
he stave 
is jointed by having its two edges presented in suc- 
cession to the action of four cutting knives fixed in 
the face of a disc of conical section revolving at a 
high velocity. The stave is 7 secured by a 
ich is pivoted to 

the arms of a swinging frame clearly shown in the 
side elevation, the object of this pivoting motion 
of the stave to 
e required joint. 
It is evident that as the staves in the condition they 
arrive at the machine are of different widths, varying 
from 1 in, to 44 in., there must be a considerable 
variation in the amount of stuff to be remeved from 
each end to produce the required shape. The ad. 
justment for this purpose is quickly obtained by 
means of the handwheel and screw shown to the 
right of the operator. The exact parallelism of the 
maby means of spring stops, and as the 

whole of the apparatus for securing and presenting 
the stave is of wrought iron and steel, it is easily 


being necessary to prevent loose 
from adhering to the butter. 
ever, may also be 


once one at either side of the machine. 


cramp at each end toa plate w 


being to alter the angle of the ed 
suit its width and the nature of 


stave is sec 


moved, and can be rapidly manipulated. 


The operation of jointing having been performed, 
the staves are next laid fora few minutes on a hot 
plate, in order that they may acquire the flexibility 
for the operation of trussing. This hot 
plate is heated by a coke fire underneath, and to in- 
sure every cask being of the same size, stops a 

eq 
to the outside circumference of the cask at its centre, 
and it is part of the duty of the lad heating the 
between the stops is 
exactly filled when the staves for one charge are 


necessa 
fixed upon the hot plate at a distance 


staves to see that the 
laid close together. 


The number of staves required to form a cask 
being thus ascertained they are removed to the 
trussing machine, shown on page 552, Figs. 3 and 4. 
This machine, it will be seen, consists of a bell- 
shaped casting made in halves, one of which can be 


ned outwards on a hinge and can be secured by 
a handwheel and clamping acrew. A section of the 
bell or cone is shown in the front elevation. Lying 
in grooves turned in its inside will be seen the 
wrought-iron truss hoops, which will eventually 
encircle the cask and which are placed in position by 
opening the cone. _ Underneath the cone is a platen 
which is capable of being raised and lowered by 
means of a screw driven, through the intervention 
of bevel gearing and a friction clutch, by two pulleys 
shown to the right of the machine in side elevation. 
The hoops in the bell being supposed to be in place 
another hoop is placed on the platen, and the set of 
hot staves are placed with their lower ends resting in 
this hoop, and their upper ends inclined lightly 
outwards and resting on the bottom portion of the 
cone. The lad in attendance then by means of a 
hand lever causes the platen to ascend, bringing the 
staves tightly together and forcing them into the 
truss hoops, The bell is then opened, the cask run 
down and reversed, and the other end submitted to 
the same process, when the operation of trussing is 
complete. Fig. 3 represents the staves arranged in 
a circular form prior to being pressed into the cone, 
and Fig. 4 the barrel with one end trussed awaiting 
the final ascending movement. The complete con- 
trol exercised by the operator on the vertical motion 
of the platen by means of the friction clutch is very 


g- 

The cask is next removed to the chiming and 
creuzing machine shown by Figs. 5 and 6, 552, 
in order that the ends may be finished off and pre. 
pared for the reception of the heads, The cask 


burning engine of Messrs. Clayton and Shuttle- 
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by depressing a lever in front of the machine. The 
various cutters for chiming, creuzing, howelling, 
and cutting the cask to length are attached to two 
gun-metal cutter heads fixed to steel spindles which 
revolve at about 5000 revolutions per minute; and 
the slides on which these spindles are mounted are, 
when the cask is chucked, brought up simultaneously 
by the motion of one lever. The cutters are allowed 
to work during one revolution of the barrel and are 
then withdrawn. 
The exact length of the cask is regulated by an 
automatic stop motion, and any difference in size in 
the two ends owing to inequality in the nature of 
the wood is compensated by an ingenious device 
worked by the handwheel shown on the right of the 
front elevation. This machine is eonstructed under 
Messrs. Ransome and Wilkie’s patents, and consider- 
ing its numerous functions is remarkable for the 
simplicity of its details and the way in which the 
motions required for working it are minimised. 
The h for the kegs next claim attention. It is 
in the first place necessary to joint the two or three 
pieces forming each head, and this is done upon 
the machine shown on page 553, Figs. 7 and 8. 
This machine consists of a disc somewhat similar 
to that employed on the stave-jointer the piece 
being held on a flat rest. Having jointed the two 
sides the board is then presented to two augers 
whick are carried on a frame just above the top of 
the disc and bored to receive the dowells, thus at 
one handling completing it ready for putting to- 
gether. The pieces forming the heads are next put 
together with dowells, and are then ready for the 
last machine we have to describe, viz., the head 
turning machine shown by Figs. 9 and 10, page 553. 
= this machine the ene is oem  betreen, tre 
t circular plates, the 0 plates bein 
armed with vikes in order’ that it thay fairly ole 
the head, aed belie rotated by means of a Wardivhoal 
driven by fast and loose pulleys. 
The head is then cut to its circular shape by a 
saw, which is a small circular section of a hollow 
. This concave saw rounds the head and 
the required bevel to the upper side, while the 
bottom bevel is obtained by two flat cutters mounted 
oh a block underneath the saw, but hidden by it in 
ourengraving. .The blank to be rounded is,centred 
by being —— two stops, and after this 
one, 


has been the chuck plates screwed down 
by the attendant, one motion of the lever suffices to 
remove the sets the head in fotation, and 
brings into the saw and ‘s. Then on 


the completion of one revolution, the weight of the 
saw spindle and , om their release by the 
attendant, causes the saw to fall out of work and 
automatically stops the rotation of the head, at the 
same time p — stops in position for another 
blank. The machines we have been describing are 


being laid upon the bed is instantaneously chucked | worth’s, which was then being exhibited by them at 


the Smithfield Club Show, and that of which we now 
give engravings, is a development of the former 
arrangement. It will be noticed, on a comparison of 
the two engravings that the auxiliary firebox has 
now been made somewhat higher than formerly, 
while it is surrounded by a larger water space, and 
the plate forming it has been united to the main 
firebox by a more easily rounded flange, thus keep- 
ing the junction seam well out of the way of the 
severe action of the fire. The arrangement of 
firegrate used remains the same as before. The 
engine we illustrate has a cylinder 11 in. in diameter 
with 14in. stroke. The main firebox is 2 ft., and 
the auxiliary firebox 2 ft. 6in. long, while the width 
in each case is 2 ft. 10 in., and the heights 2 ft. 104 in. 
and 1ft. 10}in. respectively. The straw is fed 
into the firebox by hand, the long foot lever at the 
side enabling the attendant to open the door quickly 
while having his hands disengaged. Of Messrs. 
Clayton and Shuttleworth’s other exhibits we shall 
speak next week. 

Messrs. Marshall, Sons, and Co., of Gainsborough, 
are large exhibitors of both fixed and portable engines. 
Amongst the fixed engines they exhibit examples of 
the two exceedingly well-designed types which we 
illustrated on pages 31 and 453 of our last volume, 
the long stroke engine of the latter type bein 
fitted with a condenser. These engines are cnsshin’d 
with steam jackets, and are fitted with an arrange- 
ment of automatic expansion of which we have 
already had occasion to speak highly. One of the en- 
gines exhibited, also—an 8-horse—is fitted with a new 
pattern of under gear, of which we give engravings 
on page 577. This gear is formed of a single steel 
plate } in. thick pressed, by hydraulic pressure, into 
the form shown. The plate is sprung in between 
the end collars of the axle, so as to form a good 
truss, and a strong angle iron is rivetted to the edge 
for receiving the draw irons for the shafts. This form 
of under is altogether particularly neat and good. 
Messrs, also show several examples of their 
very neat vertical engines of which we published an 
engraving on 467 of our last volume. The 
portables exhibited at their stand range from 2} to 
14 horse power, and they are all provided with 
steam-jacketted — and wrought-iron crank 
shaft brackets. neve also, with the exception 
of the 14-horse, high-speed governors and equili- 
brium throttle valves, the 14-horse double cylinder 
engine, however, being provided with automatic 
expansion gear contr by the governor. We 
propose shortly to illustrate this latter engine, when 
we shall have more to say about it. One of the 
engines—a 10-horse—is fitted with Messrs. Head and 
Schemioth’s straw-burning apparatus. A novelty 
at Messrs. Marshall’s stand is their electric light 
engine arranged on Mr. R. E. Crompton’s plans. We 
illustrated _ this earengement a few weeks ago 





altogether of a very interesting character, and will 
well repay careful examination. Theyall, we may add, 
show that careful and accurate workmanship always 
to be observed in Messrs. Ransome’s manufactures. 
The machines exhibited at Kilburn are ultimately 
intended for a large establishment in France, further 
mt epee of which we may at some future time lay 
fore our readers, 





PORTABLE A FIXED ENGINES AT 
THE KIL SHOW.—No, I. 
As far as can be judged at present the eollection of 


fixed and portable engines at the Kilburn Show 
promises to be an ly interesting cy ge only 
on account of its it, but also from steady 
rogress which it i es on the part of our engi 
uilders. In pro to the whole number of 
engines exhibited the number of decided novelties 
may be small, but it is hevertheless sufficient to afford 
ample occupation to those searching after new things, 
while there are besides numberless improvements 
of detail worthy of attention. Of course at this 
early date we cannot give anything like a complete 
account of the exhibits in the class with which we 
are now dealing, but we are able to lay before our 
readers the particulars of a number of engines shown, 
and next week we shall again take up the subject. 
Messrs. Claytonand Shuttleworth are as usual large 
exhibitors, but at present we are only able to speak 
of one of their exhibits, namely, a twelve-horse straw- 
burning engine, of the firebox of which we give 
engravings on page 572. It will be remembered 
that some eighteen months ago (vide page 452 of our 
twenty-fo volume) we illustrated a straw- 


os page 364 anée) and all we need do here, there- 
ore, is to mention it as an exhibit well worthy of 
notice. Of the traction engines exhibited by Messrs. 
Marshall we shall speak in article. 

In the class of engines with. which we are now 
dealing, Mesars,.. John Fowler Co., of Leeds, 
exhibit a novelty in the form of two examples of a 
new class of compound semi ble engines, of 
one of which we give an engraving on page 560 of 
the present number, and to which the makers 
have given the name of the “ Yorkshire” engine. 
The “ Yorkshire” engine has been introduced by 
Messrs. Fowler, after. careful experiment, as not 
only the most | al.of semi-portable engines, 
but as embodying the most economical form of non- 

Pa : ited 


It is well known that in the non-condensing engine 
no real advantage can. be gained by expanding more 
than three or at most four times in a single cylinder, 
while it is also known that the higher the initial 
pressure the ‘greater the economy of fuel, and 
Messrs, Fowler have for a long time worked their 
steam ploughing and traction engines at from 100 lb, 
to 150 lb. pressure, or more, with great advantage, 
It is obvious, however, that when using steam at 
about, = 100 Ib. pressure, the exhaust must be 
discharged into the atmosphere at a high pressure, 
and hence evidently there is a great waste of power. 
To avoid this waste and to enable ahigher degree of 
expansion to be profitably used, Messrs. J. Fowler 
and Co, have lately been experimenting on the adap- 
tation of the compound system to non-condensing 
engines, and the engines now exhibited are the re- 
sults of their investigations. The conclusions ar- 
rived at theoretically were men. 5 verified in the 





first experiments with a compound non-condensing 
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engine driving a friction d ometer, With ordi- 
nary coal and ordinary stoking the fuel required-to 
drive a given load was very much less than with en- 
ines of the ordinary construction expanding from 
igh pressures with the link motion. 
urther experiments have confirmed these results. 
The water consumed per indicated horse power per 
hour measured into the boiler has at times been 
found to be as low as 23 lb., while the friction of 
the engine has been found less than that of the 
ordinary engine working expansively, viz., 9 to 
10 per cent. of the indicated horse power. These 
causes combined to render the water required per 
hour per dynametrical horse power sometimes 
as low as 25.6 Ib., or about 23 per cent. less 
than that of the successful engine at the Cardiff 
trials (allowing 5 per cent. condensation in the 
aw | and 16 per cent. less than the least there re- 
corded. This is probably one of the best results yet 
obtained with a non-condensing engine. The coal, 
Yorkshire, of fair quality, has been as low as 2.8 
per dynamometer horse power (about 2.5 per indi- 
cated horse power), with cold feed water (55 deg.), 
and with ordinary stoking. 

This form of a engine, with the crank 
shaft below the boiler, was first introduced many 
years ago by a Yorkshire locomotive firm, Messrs, 
Manning, Wardle, and Co., of Leeds, and an engine 
constructed by them on this plan formed a promi- 
nent exhibit at the Manchester Royal Agricultural 
Show in 1869. Since then large numbers have been 
built both in Yorkshire and elsewhere, and in York- 
shire it has now received radical improvements, 
giving the new and distinctive features which 
Messrs. Fowler have decided to distinguish by call- 
ing it the ‘‘ Yorkshire engine.” 

In the particular engine we illustrate, which is 
rated by its makers as a 25-horse, the cylinders are 
respectively 8 in. and 14 in. in diameter, each 
with ]6 in. stroke. The valves are the ordinary 
slides worked by link motion, the steam passing 
direct from the exhaust port of the smaller cylinder 
to the steam chest of the larger. The cylinders are 
furnished’ with drain cocks, indicator es, and 
grease cups. All the working parts connected with 
the two cylinders—with the exception, of course, of 
the pistons—are duplicates, just as would be the 
case if the cylinders were of equal size, the power ex- 
erted by each of the two cylinders being about the 
same. 

The frames are, by preference, made of channel 
iron, which is much lighter than a cast-iron base- 
plate. The crankshaft is balanced on the crank arms, 
as usual in marine engines. This enables the engine 
to run smoothly at high speeds. The guide-bars 
are of angle-iron, case-hardened, and ground true, 
resting on the cylinder covers and a cross tie-plate. 
The crossheads are forged on the piston rods, and 
carry adjustable brasses for the connecting rod. 
The connecting rod, large end, has square brasses. 
It is forged on solid, and the cap is tightly bolted on, 
the brasses being only adjustable by packing pieces. 
This arrangement is the same as that on Messrs. 
Fowler’s traction engines, the object being to avoid 
loose pieces as much as possible, so that an enginemay 
run from 309 to 400 revolutions occasionally with 
safety. The engine is furnished with the ordinary re- 
versing link admitting steam to two-thirds the stroke. 
To give the same facility for starting as the ordi- 
nary double-cylinder engine an arrangement is 
provided whereby the steam is admitted to both 
cylinders by putting the starting handle a little 
beyond wide open. In using the engine for winding, 
if it should not reverse freely, by putting the re- 
versing handle a little beyond full gear either way 
it acts on a special valve and opens a direct com- 
munication with the large cylinder. Thus, although 
the engine is compound it can be handled with the 
same facility as two independent cylinders. 

The boiler is made of steel with the barrel double 
rivetted, and is intended for a working pressure 
of 1201b. to 150 1b, The firebox has an arched top 
stayed to the shell, this arrangement being that 
which Messrs. Fowler have for some time adopted 
for their traction engines. The tubes, 63 in number, 
are 2 in. in diameter and 7 ft. 3 in. long, their heat- 
ing surface being thus 239 square feet, while the 
firebox surface is 40.2 square feet, making 279.2 
square feet in all, The grate area is 8 square feet. 
As will be seen from the results annexed, the 
performance of this boiler is very good, the evapo- 
ration being at the rate of 9 Ib. of water (from cold 
feed) per pound of Yorkshire coal, when evapo- 
rating over 200 gallonsper hour, —_ 

The small amount of water required per horse 





TABLE SHOWING REsuULTS OF EXPERIMENTS WITH A TWENTY-FIVE Horsz Semi-PorTasBLE CompounD 
ENGINE, CONSTRUCTED BY Magssrs. J. FOWLER AND Co. LEEDS. 
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power enables a great power to be developed with a 
boiler of moderate size. Thus the engine we have been 
describing weighs, with boiler and flywheel complete, 
8 tons only, but as will be seen by the annexed Table, 
it developed 80 horse power on the brake, and did it 
omy. working with very high economy. The 
tabular statement annexed gives the iculars of 
four trials, and it shows very clearly the benefits to 
be derived from an increase of steam pressure. As 
will be seen, the best result was obtained with a 
brake load of 80 horse power, the engine then indi- 
cating 88 horse power, or an indicated horse power 
for every 3.2 square feet of heating surface. The 
maximum ioad with which the engine was worked 























was with 100 horse load on the brake, the engine 
running at 200 revolutions per minute, With this 
load there was abundance of steam, We annex 
copies of indicator diagrams taken during this run. 
These facts are of very great interest, and they go far 
to support the remarks we have made elsewhere— 
and which were written before the report of Messrs. 
Fowler’s experiments reached us—as to the direc- 
tion in which an improvement in existing portable 
engines may be anticipated. We may add that in 
considering the performances above recorded, and 
in forming an estimate of their importance, it must 
be borne in mind that economy of water is in many 
cases as important as economy of fuel. 

Messrs. mes, Sims, and Head, of Ipswich, 
do not show any novelties in the way of portables 
this year, but their engines are well worthy of a 
word of commendation for their neat design and 
good workmanship. Messrs. Ransomes are one of 
the firms who have appreciated properly the value 
of an automatic ex “ ion gear, “~ the ee Baw 
some time past applied an efficient gear 
to a aaihet of their engines. An engine fitted 
with the gear* they have adopted is shown at 
Kilburn, this engine being of the same type as that 
which has lately been at work driving the electric 
light machinery on the Thames Embankment, and 
developing about 40 horse power with a consump- 
tion of 3.21b. of Welsh coal per indicated horse 
power per hour, an excellent result with the pres- 
sure of steam used, namely, about 70lb. Messrs. 
Ransomes also show one of their eight-horse engines 
fitted with Head and Schemioth’s straw-burning 
apparatus, of which we have given descriptions on 
former occasions, and of which we have had to record 
very favourable results as a means of consuming not 
only straw but a great variety of other vegetable 
refuse, such as cotton and maize stalks, which could 
not, so far as we are aware, be effectively dealt with 





any other arrangement so far brought out for 
a with le —— Besides their portables, 
Messrs, es this year a new and very 


8 
neat type of vertical engine, which we shall probably 


* This gear was illustrated by us on page 26 of our 
eighteenth volume. : 








illustrate shortly. Meanwhile, we may commend it 
for its good design and proportions. 

Messrs. Alexander Shanks and Son, of Arbroath 
and London, are exhibiting at Kilburn, in addition 
to a number of their well-known vertical engines and 
boilers, several examples of the type of horizontal 
engine of which we this week publish engravings on 
page 561, and to which the name ‘“ Caledonian” 
engine has been given, Referring to Figs. 1, 2, and 3, 
which show the general pe ep of this engine, it 
will be seen that it has a neatly shaped frame, which 
rests on the ground throughout its whole length, and 
to which the cylinder is bolted end on, without any 
foot of its own. The crankshaft is of marine form, 
having two bearings, the blocks for which are cast 
in the frame. The blocks are angled, having cast- 
iron caps and single adjustment. The main guides 
(bored) form part of the frame, the piston rod head 
is forged solid with the rod and fitted with slippers 
to work on the guides, and with adjustable brasses 
for the connecting rod pin. The connecting rod is 
of marine sha: The cylinder is cleaded only, not 
jacketted ; it is fitted with a through ported slide 
of the usual construction, on the of which 
works an expansion valve. These two valves are 
driven by two se eccentrics, as usual, The 
main eccentric is placed inside the bearing and drives 
on to an arm on the valve spindle, which is pro- 
longed forwards and connected to the feed-pump 
plunger, so that the one eccentric serves both for 
valve and pump, and no guide is required for the 
valve spin The expansion eccentric is placed 
outside the bearing and drives direct, without a 
guide. Both valve spindles have guides at the back 
of = valve chest. 

@ arrangement of the expansion gear is as 
follows: The expansion valve spindle id contacied : 
to a slotted frame, the back end of which forms the 
continuation of the expausion spindle in the back 
guide, and is itself bored as a guide for an inner 
spindle, This frame has two cross arms, as shown, 
whieh form the inner guides for two pair of movable 
wedge blocks. Towards the back of the frame the 
lower ends of a pair of levers (the outer ones in 
Fig, 4, the vertical ones in Fig. 5) are connected to 
it, their upper ends working on fixed pins in the 
sides of the casing (Fig. 4). About the centre of 
their length these levers carry a pin which forms the 
fulcrum for another lever (the inner one in Fig. 4, 
the inclined one in Fig. 5) whose lower end is con- 
nected to the inner spindle above mentioned (shown 
dotted in Fig. 5), while its upper end can be shifted 
by the governor, This inner Pie nt which car. 
thus be moved within and quite independently of the 
slotted frame receiving motion from the expansion 
eccentric, is connected with the inner ends of two 
links forming a knuckle joint (Fig. 5), the outer 
ends of which give motion to the wedge pieces 
above mentioned. These pieces work upon grooved 
projections on pieces bolted to the cut-off plates, 
which are therefore pushed further apart as the 
wedges go out and pulled together as the wedges 
come back. They are shown in the figures in their 
closest position, which corresponds to the lowest 

ition of the governor, and consequently to the 
test cut-off. It will be seen from this description 
that all the working of the valve is done by the 
expansion eccentric, the governor's duty being 
merely to regulate the distance apart of the two 
plates. ‘I'he resistance of the plates to motion must 
itself, however, be sometimes not inconsiderable, 
Messrs. Shanks formerly employed the ‘ cosine” 
vernor, and it is this governor which is shown 
tted to the engine we illustrate. More recently, 
however, they have adopted a special form of 
governor of their own design, and we understang 
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STRAW-BURNING 


PORTABLE ENGINE AT THE KILBURN SHOW. 


CONSTRUCTED BY MESSRS. CLAYTON AND SHUTTLEWORTH, ENGINEERS, LINCOLN. 
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(For Description, see Page 570.) 
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with every success. We intend on a future 
occasion to illustrate this governor, a number of 
examples of which are exhibited by Messrs. Shanks 
and Son at their stand at Kilburn. 
Messrs. Garrett and Sons, of Leiston, send a 
show of their portables, the boiler work of 
which is especially noticeable. One of the engines— 
a13 horse—is exhibited without lagging, so, that 
the boiler may be examined. Messrs. Garrett, it 
may be noticed, have now done away with the fire- 
hole ring, and dish the firebox plate out sufficiently 
to meet the shell. This dishing is effected in a press 
at the same time as the plate is flanged, the whole 
being afterwards annealed. The arrangement adopted 
has the advantage of keeping the firehole rivets 
well away from the action of the fire. Messrs. 
Garrett also show a modification of their straw- 
burner with a te for burning — straw. 
Of this grate, and also of the grate for ordinary straw, 
we give illustrations — The chopped straw 
being devoid of the silicious coating—which is as 
objectionable in a fuel as it is in a feeding stuff— 
considerable advantages over long straw 
im its natural state. In the grate for this fuel now 
illustrated the firebars are B d transversely and 
in a slanting position, in order to provide support 
for the light material and yet to it the neces- 
sary admixture of air for the due consumption of the 
gases. The form of the feeding chamber for the 
straw-burning engine has also been improved since 
we formerly illustrated it, so as to give the stoker 
better access to the sides of the grate, and the door 
of this chamber is arranged to fall downwards into 
a horizontal position, forming a table for the straw. 
A few firebricks — upon the upper grate, which 
is provided for the consumption o and wood, 
is found of advantage when burning straw, effecting 
by the separation of the gases a more perfect com- 
bustion, and also collecting the silicious deposit 
which would otherwise adhere to the plates and 
tubes. Messrs. Garrett and Sons are also the ex- 
hibitors of an eight-horse portabl: mining engine, 
of which we give engravings on page 573. In this 
ment the engine and windlass are self-con- 
tained and tied together, the side castings bolted 
down to the same foundation plate forming at once 
the bedplates for the cylinders and the bearings for 
the crankshaft and shaft of the windlass. As will 
be noticed from our engravings the reversing lever, 
stop-valve, foot-brake and clutch for pinions are all 
conveniently placed to the driver's The boiler 
is of the ordinary cross-tube type, and the whole 
affair is mounted on a strong wrought-iron trolly, 
forming a substantial and convenient arrangement. 
Messrs. Cochran and Co., of Birkenhead, exhibit 
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AUTOMATIC LEVER ANCHOR AT THE KILBURN SHOW. 
CONSTRUCTED BY MR. F. SAVAGE, ENGINEER, KING’S LYNN. 








(For Description, see Page 576.) 






































































































































several — of varieties of their patent boiler | the boiler to a smokebox on the opposite side, a 
which we illustrated on page 303 of our last ney or tube-plate being as it were recessed into 
volume. As will be remembered, the distinctive | the boiler on the smokebox side, so that a flat plate 
feature in Messrs. Cochran's boiler is the employ- | is obtained for fixing the tubes. The boiler is thus 
ment of an arch-topped firebox communicating by | a vertical boiler . with horizontal tubes, and the 
ashort diagonal flue with a kind of combustion | design is such as enables a good amount of heating 








chamber, from which a series of tubes extend across | surface to be compactly arranged, while at the same 
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PORTABLE MINING ENGINE AT THE KILBURN SHOW. 
CONSTRUCTED BY MESSRS. GARRETT AND SONS, ENGINEERS, LEISTON. 
(For Description, see opposite Page.) 











time the parts are accessible for scaling. An evapora- 
tive test of one of these boilers was recently made 
by Mr. J. H. Harrison, of Chester, and the results 
as recorded by him are very good. The boiler 
was one rated by the makers as a 6-horse, and it 
was 5 ft. 3 in. by 5 ft. 2 in. in diameter, the heating 
surface being 63 square feet. The normal firegrate 
area was 4.86 square feet, but during the trial this 
was reduced by bricking up to 2.5 square feet. The 
boiler evaporated water at the rate of 6 cubic feet 
per hour, and at 54 lb. pressure during the experi- 
ment (which lasted 2 hours 16 min.), the steam being 
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engine on the top, an arrangement which we illus- 
trate this week on page 576, and which has been 
oy designed for use in cases where the avail- 
able space is limited. The engine is of the return 
connecting rod type, and the cylinder is secured to 
a substantial bedplate which is bolted on to the top 
of the boiler. e bedplate is made of a circular 
shape, and has an overhanging edge with a groove 
in it into which wooden lagging is fitted. The 
crankshaft is of the long crankpin type, which has 
been found to work very satisfactorily in very much 
larger engines. The connecting-rod which grasps 
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MESSRS, GARRETT AND SONS’ FIREGRATES FOR UNBROKEN AND CHOPPED STRAW. 


used by an engine with an 8-in. cylinder and 9-in- 
stroke, driving a load on a brake, the exhaust steam 
——s into the chimney. ‘The pump was driven 
by the engine (which ran at 190 revolutions per 
minute), and the fuel was kept constant. The coal 
used was Nixon’s navigation. Under these condi- 
tions, Mr. Harrison states that the water evaporated 
from a temperature of 46.5 deg. Fabr. was 8.54 lb. 
per pound of coal, this being equivalent to an 
evaporation of 10.194 lb. from a temperature of 
212 deg., and at atmospheric pressure. The 
temperature of the gases in the chimney averaged 
375 deg. Fahr., and the highest temperature observed 
was 425 deg. At Kilburn Messrs. Cochran show one 
of their three-horse boilers fitted with a horizontal 





the crankpin in two places is made of one piece of 
metal bent to a UJ shape, and the piston rod cross- 
head is formed with brass steps in which the bottom 
part of the U works. ‘The cylinder is placed 
centrally between the arms of the i 
The piston rod is guided by a substantial — 
guide with ample surface. The slide valve is of the 
oscillating cylindrical form working on a cylindrical 
valve face, the valve being turned to same radius as 
valve face, and the cylindrical valve chest lying 
transversely to the centre line of engine. The whole 
engine is of very neat design, and all the details of 
oil cups, adjustment of parts, &c., have been care- 
fully attended to. 

essrs. J. and H..Gwynne, of Hammersmith, are 





the exhibitors of some very well-designed centrifugal 
pumping engines, of which we shall have something 
to say h ter ; at present we must confine our- 
selves to noticing the particular kind of pump with 
which these engines are fitted, and which we illus- 
trate this week on page 569. This type of pump, 
to which the name of ‘ Invincible” has been given, 
and which has been patented by Mr. John Gwynne, 
is distinguished by several special features. In the 
first place it will be noticed that the pump case is 
secured to the bedplate, which carries the shaft bear- 
ings by a circular flange, the arrangement being 
such that the pump can be swivelled on the bed- 
plate and may be # pen at any angle in a similar 
manner to the slide rest of a lathe simply by slacken- 
ing a few nuts, 

Another feature is the provision of a small air 
exhauster which is fitted to the pump and worked 
off the spindle by means of a belt as shown; a 
clack valve is also fitted at the end of the discharge 

ipe,and with this arrangement the air is exhausted 

rom wad en and pipes from a minute to a minute 
and a ee ae the — of pipes), 
and the pump thus charged. This dispenses with 
the use of afoot valve, as the water can be retained 
equally well by the clack, while it also saves the 
trouble and annoyance of filling the pump with 
water by hand, as under the old arrangement. The 
form of the pump casing is so arranged that one side 
can be taken off in a few minutes for the inspection 
of the whole of the disc and interior of the pump ; 
if nece: the disc and spindle can be remove 
and replaced without disturbing the pump bedplate 
or the suction and discharge pipes. d holes 
also are made in each side of the suction pipes to 
enable an a matter which may get into the 
pump or to be easily and speedily removed, and 
the covers are fitted with a bayonet joint so that 
they can be removed and replaced very promptly. 
The bearings for the spindle are also made of solid 
bushes, so mounted on the bedplate standards that 
each can be turned round when worn. The bushes 





are each secured in position by a set screw which 
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carries the lubricator, and which is bored to form a 
pipe leading oil to the bearing. The bearing bush 
itself has four oil holes formed in it, the three not 
in use being simply plugged with wood. The whole 
arrangement is very neat, and enables four distinct 
wearing surfaces to be employed successively, if— 
as is not unfrequently the case—the wear takes place 
in one direction owing to the pull of the belt. The 
pump we illustrate is altogether exceedingly well 
designed. 

Amongst the pumping engines exhibited at Kilburn 
we should mention herethe ‘‘Comet” pumpsof Messrs. 
Bartrum and Powell, of Queen Victoria-street, who 
show a collection of such pumps for general pur- 
poses, and also one wethnd by a small oscillating 
engine, which exhausts into the suction of the 
pump, and thus condenses its steam. We may 
raay | give engravings of this arrangement at a 

uture date, but in our present number we illustrate 
the construction of the ‘“‘ Comet” pump, not by an 
engraving of any of Messrs, Bartrum and Powell’s 
Kilburn exhibits, but by views of the auxiliary 
pumping engine constructed on their principle for 
the yacht Wanderer—a yacht, the performances of 
whose engines, constructed on Mr. Perkins’s plans, 
have lately attracted much attention. The auxiliary 
pumping engine of the Wanderer, of which we give 
engravings on page 568, is provided with the 
** Comet” air and circulating pumps, and it was de- 
signed by Mr. J. F. Spencer, and constructed by 
Messrs. Henry Balfour and Co., of Leven, for 
Messrs, R. Steele and Co., of Glasgow. The whole 
arrangement will be readily understood from our 
engravings. There is, as will be seen, a small 
direct-acting vertical engine, the crankshaft of which 
carries a pinion gearing into two spur-wheels, one on 
each pump shaft, the ratio of the gear being 2 to 
3, so that the pumps make 100 revolutions with the 
engine running at 150. The construction of the 
pumps will be at once seen from Figs. 2 and 3, the 
arrows in the former figure showing the direction of 
motion of the pump and the flow of the water, 
The water is, it will be noticed, discharged from 
the pump chamber through the tail-piece, This 
arrangement prevents “‘ slip,” the effect of it being 
that when the piston is on its bottom centre the tail- 
piece closes the delivery until the piston has rolled 
past the suction port, and thus prevents any direct 
connexion between the suction and delivery pas- 
sages. In the pump we illustrate, the cylinders 
are brass-lined. In the case of the Wanderer’s 
pumps a vacuum of 20 in. has been obtained with 
the pumps running perfectly dry, while when wet an 
exhaustion of from 26 in. to 27 in. has been obtained. 
The wear in the ‘‘Comet” pump is, we are informed, 
found to be principally confined to the crankpin 
bearing, which in most cases is bushed with 
phosphor-bronze, Little or no wear takes place in 
the cylinder itself, as the piston does not scrape 
against the surface of the cylinder. To explain this 
more clearly, let us sup that the piston is fitted 
so accurately that it rolls round in perfect contact 
with the cylinder until it frees itself ; after doing so 
it is evident (the throw of the crank being constant) 
no further wear can occur between the cylinder and 
piston, unless the piston is allowed to shake about, 
owing to wear of the crank pin bearings. As- 
suming this wear to be kept down to a minimum, 
the clearance made between the piston and cylinder, 
would be so slight, that the previous perfect joint 
is practically maintained by a thin film of water in- 
terposed between the surfaces. To save unneces- 
a | labour in fitting, however, Messrs. Bartrum 
and Powell make the piston to work just free of the 
cylinder in the first instance. The rocking guide is 
kept a good working fit in its bearing by the delivery 
water passing through thetail-piece of the piston; any 
water escaping round the delivery side of the guide 
is of no moment. ‘To relieve undue pressure upon 
the guide seat, a portion of the back of the guide is 
in some cases cut away so as to admit the pressure 
of the delivery water on both sides of the guide. 
To meet the question of end wear on the covers 
and piston, there is provided in special cases an ad- 
justable end plate having, as our engravings show, 
a good long ing in the cylinder cover, at the 
end of which a set bolt, with a fine thread, is fitted, 
to regulate the adjustment of the plate ; or the same 
result can be attained by admitting the delivery 
water at the back of this plate, between it and the 
ee eover, by which means a self-acting and 
elastic joint is formed. With their ordinary pumps, 
panne Messrs. my een a .- not find 
it necessary to supply this end-plate. It may be 
noted that the dona of the suction and delivery 





pare are such that no sand or grit can accumu- 
ate in the pump when the lattter is employed in 
pumping dirty water, while any such grit which 
may accumulate in the delivery passage can be 
readily removed through a hand-hole provided for 
that purpose. 

Of'small single-acting fast-running engines the 
Kilburn Show includes a considerable number, but 
we have this week space to notice two only, namely, 
Mr. Willan’s and that by Messrs. Vosper and Co., 
Mr. Willan’s engine, made by Messrs. Hunter and 
English, of Bow, and exhibited at the stand of 
Mr. R. E. Crompton, is of a new pattern, and we 
illustrate it on page 577 of the present number. 
It is, as will be seen from our engraving, a com- 

ound engine, but of the simplest type, the distri- 
bution of the steam to the two cylinders being 
effected by a single valve, while a variable cut-off 
is provided by an attachment to the low-pressure 
piston. Referring to the left-hand figure of our 
engraving, it will be seen that the steam on entering 
the engine first passes into a cylindrical chamber, in 
which works a tube or plunger attached to the low- 
pressure piston. The upper end of this tube is cut 
obliquely, as shown, so that by rotating the tube the 
point of the up stroke of the low-pressure piston, at 
which the edge of the tube passes the steam supply 
ag leading off to the high-pressure cylinder, can 

e regulated. To turn the ‘‘ cut-off tube,” as we 
may call it, a spindle is provided with an external 
handle as shown, the lower part of this spindle being 
square and working in a square hole in a feather 
cast in the tube. The tube, we may add, is so 
attached to the low-pressure piston that it can be 
rotated freely. The tube of which we have been 
speaking, however, serves another purpose besides 
that of a cut-off valve. In an engine of the type we 
are describing, if made in the ordinary way, trouble 
will sometimes arise when working with light loads, 
from the steam expanding down below the atmo- 
sphere, or from there being an insufficient pressure 
on the low-pressure piston during part of the stroke 
to keep the connecting rod bearing pressing on the 
crank. In the engine now under notice, however, 
this is obviated, as the low-pressure piston is always 
forced down by the full pressure of the steam 
acting on the area of the tube of which we have been 
speaking. This pressure means so much extra work 
done during the down stroke of the low-pressure 
piston at the expense of a corresponding amount 
which has to be done by the high-pressure piston in 
forcing the tube up again against the boiler pressure. 
If it were not for this action the effective work done 
during the down stroke of the low-pressure piston 
would be less than that done by the high-pressure 
piston, but by means of the tube the effective 
powers developed during the strokes of the two 
pistons are equalised in a very simple way. Return- 
ing, however, to the course of the steam, it will be 
seen from our illustrations that on passing the cut- 
off tube it arrives at the upper end of a small 
cylinder in which a piston valve works. By the 
downward movement of this valve the steam is 
admitted into the upper end of the high-pressure 
cylinder, this downward movement also placing the 
top of the low-pressure piston in communication 
with the exhaust. The subsequent upward move- 
ment of the valve shuts off the communication 
between the live steam and the high-pressure cy- 
linder—supposing that the steam has not been 
already cut off by the action of the cut-off tube— 
while a further upward movement opens the com. 
munication between the two cylinders, In our 
engraving the parts are shown in the position they 
occupy just as this communication is about to be 
opened, the low-pressure piston being at the upper 
end of its stroke. The cranks, it will be noticed, 
are somewhat less than a right angle apart to suit 
the conditions of steam distribution. As in Mr. 
Willan’s other engines, the pressures are all in one 
direction, namely, downwards, and the whole design 
is exceedingly simple and well worked out. 

Messrs. Vosper and Co.’s engine is exhibited by 
Mr, J. C, R. Okes, of 39, Queen Victoria-street, 
and of one example we give an engraving on page 
569 of the present number. From the views there 
given it will be seen that the engine has four cy- 
linders, these being di in pairs, and the centre 
lines of one pair of cylinders being at right angles 


to those of the other pair. ‘There are two cranks | 0 


placed opposite to each other, and each crank 
receives a connecting rod from two cylinders, one of 
each pair. The two pistons on each pair of cy- 
linders are thus always moving in opposite directions, 
and advantage is taken of this to distribute the steam 





to two cylinders by one slide valve. Thus referring 
to the right-hand figure of our engraving, it will be 
seen that the valve covers three ports, of which the 
central one is the exhaust port as usual, while the 
upper port leads direct to the top of the nearr 
cylinder as shown, and the lower port to the top of 
the further cylinder of the pair. There are thus 
but two ordioary slide valves to the four cylinders, 
and these two slide valves are driven from one 
eccentric, The particular engine we illustrate is in- 
tended for use in a steam launch, and the reversing 
is effected by a clutch working on a spiral feather, 
its effect when moved longitudinally being to 

artially rotate the eccentric on the shaft. Messrs. 

osper and Co. have also made a neat little com- 
pound engine on their plans, the distribution of the 
steam being effected by a single valve to each pair 
of cylinders, as in the engine we illustrate. 

Gas engines form an important section of the ex- 
hibits at Kilburn, and are largely represented ; the 
most extensive exhibitors being Messrs. Crossley 
Brothers, of Manchester, who show a number of 
different sizes of their well known ‘‘ Otto” engines, 
all of which will be exhibited at work. We give 
this week, on page 565, perspective views of the 
largest of these engines, this being called 16 horse 
power. The engine has a cylinder 13 in. in dia- 
meter, and 18in, stroke, and is therefore, we be- 
lieve, the largest and most powerful single-cylinder 
gas engine which has yet been constructed. Its 
speed is 160 revolutions per minute, at which it 
indicates 32 to 33 horse power. In principle this 
engine does not differ from other ‘Silent Otto” 
engines, one of which we described and illustrated 
in detail some time since.* It has, however, a num- 
ber of modifications and improvements in detail. 
Its framing is very massive, and is self-contained, 
so that no outer pedestal is necessary, both bearings 
being in one bedplate, and the flywheel overhung. 
The lay shaft from which the valves are worked 
runs along at the back of the cylinder—as seen in 
the end view—being driven by a bevel pinion 
placed just inside the further bearing. ‘The air 
and gas distribution slide is placed, as formerly, at 
the back of the cylinder, and is worked by a small 
crank on the end of the lay shaft. The principle of 
its action is, as will be remembered, that during one 
forward stroke it permits the admission of air and 
gas in proper proportions, in the corresponding back 
stroke allows this to be compressed, in the next 
forward stroke ignites the mixture, which expands, 
driving the piston before it, and is finally pushed 
out in the next back stroke. The governor acts on 
the engine by permitting the admission of gas only 
every third, fourth, &c., stroke, instead of every 
second stroke as when the engine is at full work. 
All this action will be found fully described in the 
former article already mentioned. ‘The cylinder is 
made with a separate liner, between which and the 
outer shell (cast on the frame) is a water jacket for 
keeping the cylinder cool. ‘The whole is built to 
stand a working load of 12 tons on the piston, which 
has involved very great stiffness and substantiality 
in all the different parts in proportion to the size of 
the cylinder. 

This type of ‘‘Otto” engine continues to be really 
exceedingly successful, if figures prove anything, 
for we hear that over 2000 of them have been made 
since their introduction, less than two years and a 
half ago, and nearly half of the whole number 
have been constructed by Messrs, Crossley, One 
of them, at the Hinckley Gas Works, has come suc- 
cessfully through the most severe trial of running 
night and day for over fourteen months without 
any expenditure for repairs—a result that certainly 
speaks well for the extent of the surfaces provided 
by Messrs. Crossley, as well as for the general ex- 
cellence of their work. The engine illustrated used 
(on trial in Manchester) under 21 cubic feet of gas 
per indicated horse power per hour, its cost for fuel 
would therefore be only about three farthings per 
indicated horse power per hour, a result—we need 
scarcely say—extremely satisfactory. The engine, 
in fact, has not yet been displaced from the position 
which it at once took for itself, of being to all ap- 
pearance far the best gas engine at present before 
the public. There are, however, several com- 
petitors now in the market, from which much is 
—— by their respective makers, and we can 

y hope that these engines may be fairly tested, 
and on trial fully satisfy their expectations. 

Messrs. Thomson and Sterne exhibit a 2-horse 
gas engine of a new type, the invention of Mr. 





* See ENGINEERING, page 155, vol. xxvi. 
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Dugald Clerk, of which they have taken up the 
manufacture. In this machine, of which we give an 
engraving on page 580 of the present number, two 
cylinders of the same size are used, one as a driving 
cylinder and the other as a compressing pump, and 
the two are connected by a small reservoir. The 
mixture of air and gas is compressed in the pump 
(instead of in the cylinder itself as in the Otto 
engine), and thep passed through the reservoir into 
the cylinder, where it is ignited. The cylinder is 
double-acting, and by this arrangement two ignitions 
per revolution are obtained instead of one in two 
revolutions. The most ingenious feature about 
this engine is, however, probably its igniting arrange- 
ment. A little cage of platinum wire is used for 
this purpose, which, having once been heated to red- 
ness, remains always hot, for each time it causes an 
explosion to take place it receives from the hot gases 
as much heat as is necessary to make up for its loss 
of heat otherwise. This plan appears both simple 
and certain in its action, a very important thing, 
especially in this particular matter in a gas engine. 

e are told that as many as 400 ignitions have been 
made in a minute by this oy while the in- 
tended speed of the engine shown is 200 revolutions 
per minute. We shall probably have more to say 
about this engine later on. 

The only other gas engine which we can at present 
notice isone shown by Mr. F. W. Turner, of St. 
Albans, This is a small vertical engine, with single- 
acting (plunger) cylinder, working without a com- 
pression pump. ‘Two of these are exhibited along 
with some other machines, and we shall have more to 
say about them next week. 








STEAM PLOUGHING MACHINERY AND 
TRACTION ENGINES AT THE KIL- 
BURN SHOW.—No. I. 

Tue Kilburn Show promises to at least hold its 
ground as compared with its predecessors in the 
matter of steam ploughing machinery, and although 
at the ime we are writing buta portion of the exhibits 
are in place, yet there are sufficient indications that 
the collection of implements, &c., relating to this 
branch of agricultural engineering will be a good one. 
Messrs. John Fowler and Co., of Leeds, are as usual 
most ably represented, their collection of exhibits 
being a remarkably extensive one. Amongst those 
exhibits especially connected with steam ploughing, 
we find Messrs. Fowler showing five engines and 
twenty-eight implements exclusive of those in the 
trial ground. In accordance with the teachings of 
experience gained during the last ten years —an 
experience which has to a certain extent settled the 
question of the practical value of the different 
systems of steam cultivation—Messrs. Fowler and 
Co, show this year only their double engine tackle re- 
presented by the four engines of 20, 16, 8, and 6 
horse power, and an engine of 8 horse power of the 
double-drum type. These engines are so well known 
to our readers and the agricultural public that there 
is no necessity to describe them here, especially as 
the last year has introduced no essential alteration, 
except in minor details. Most of themare provided 
with Church’s circular valve, which has fully proved 
its value in reducing wear and tear, The six-horse 
power engine, specially adapted for smaller farms in 
England, is provided with a slower rope speed, so 
as to enable it to do at a reduced rate the heaviest 
work as thoroughly as larger engines, whilst at the 
same time it is an exceedingly convenient thrashing 
and traction engine. The chief dimensions of the 
engines for working on the double engine system are 
as follows : 
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In the double-drum engine the general arrange- 
ment differs considerably from that of the others, 


the hind axle being placed at the smokebox end, | directi 


and the engine being also turned in the reverse 
direction to its usual position, the cylinder being 





over the firebox. This arrangement enables the 
hind wheels to be readily driven from the crank- 
shaft by gearing on one side of the engine, while on 
the other are a couple of upright shafts through 
which motion is alternately given to the two drums 
by means of suitable gear. The two drums are 
placed horizontally, one on each side of the hind 
axle, each being carried by a strong stud fixed to 
the barrel of the boiler. The boiler is of steel and 
the principal dimensions of the engine are as 
follows: 


Diameter of cylinder... 10} in. 
Stroke ,, aa 12 in. 
Total heating surface... 204 a4: ft. 
Average steam pressure 100 Ib. 
Number of revolutions ee __ 150 per minute. 
Speed of ploughing rope . 2% t0 3 miles per hour. 
Speed of road motion (quick) 2} miles per hour. 

2 ry) 2 slow) 13 ” ” 
Driving wheels, diameter ... 6 tt. 

width 20 in. 


” ” 

The variety amongst the balance implements ex- 
hibited by Messrs. Fowler is extraordinary. The 
a of the West Indies and Peru, Austria 
and Germany, California and Egypt are specially 
represented in this collection, which we cannot at 
present attempt to describe in detail. The chief 
novelties here are the adjustable skife on the 
bevelled plough beam, giving ready means of 
altering the width of the furrows, the introduction 
and more extensive use of the zig-zag frame, and 
of the swinging plough middle, specially intended 
for the rough and rigid fields covered with thrash 
which have to be dealt with in the cultivation of 
sugar-cane, maize, and cotton in foreign countries. 

he large turning cultivators, of which also 
different kinds are shown, have also been adapted 
for ial requirements, especially for ridging, and 
the so-called ratoon ploughing of sugar-cane. We 
further note the well-known turning harrow, a new 
light land cultivator on the same principle, consist- 
ing of two hinged wings suspended to a steering 
frame, a flat harrow, no doubt the widest implement 
in the show ground, harrows and rollers combined, 
and land compressors. The new ditching machine 
for making draining ditches must specially be noted, 
also a greatly improved excavator—illustrated by us 
on page 446 of our twenty-fifth volume—which is 
now used with the greatest success for digging out 
reservoirs and for levelling land. The draining or 
mole plough, widely applied on the clay soils of this 
country, will not be overlooked in a wet season like 
the present. 

In traction engines, of which five are shown by 
Messrs. Fowler, we note the distinct difference 
which this firm makes between road locomotives 
proper and agricultural traction engines. The in- 
troduction of higher driving wheels for engines of 
the former class, has certainly been a step in the 
right direction, which may not have yet reached its 
final limit. It also doubtless is an improvement to 
place the gear almost completely inside the crank- 
shaft box, an arrangement which is a feature of all 
these engines, as also of Messrs, Aveling and Porter’s. 
As a special novelty, we have to point out a three- 
horse traction engine for farm purposes. It is com- 
bined with a large reaping machine, which is 
attached to it laterally. The hind wheels are pro- 
vided with broad rings, and the front wheels for this 
kind of work are replaced by a roller, the object 
being to carry the engines on a widely extended 
base, so as to compress the land as little as possible 
during the operation. The principal dimensions of 
the traction engines exhibited are as follows: 





shown by Messrs. Fowler, namely, first, Decauville’s 
original line in which the rails are sivetted to flat 
sleepers, a line which is used for the lightest class of 
work; second, Mr. Greig’s socket-joint line with 
sleepers of ay plates and rivetted rails ; 
and, finally, Mr. ig’s slip-joint rail, the latter 
being the strongest and heaviest of the three. All 
have a 20-in. gauge, although 16.in, and 24-in. gauges 
are also manufactured, 
For the lighter lines horses or mules are generally 
used as a motive power. For the stronger lines 
three small tank locomotives of different sizes are 
pa ~~ of which er be a. work in the — 
und for nger Cc. e@ great complete- 
com with which the different details of the line and 
the rolling stock are worked out must ially be 
remarked. Not only by our agricultural friends, but 
for numerous other applications, such as contractors’ 
work, for military purposes, &c., this railway should 
be carefully noticed. 

Messrs. Aveling and Porter, of Rochester, are as 
usual extensive exhibitors, but we must postpone a 
general notice of their exhibits until next week, at 
present dealing only with one of them, namely, the 
six-horse steam road roller, of which we give en- 
gravings on page 564 of the present number, Our 
illustrations of this roller comprise a = 
view, a o. and a section on the line of the driving 
axle, and from these views the general construction 
will be clearly seen. In the first place, it will be 
noticed that the mode of ing the engine at the 
front end differs from that formerly adopted. In 
place of two slightly conical front rollers being em- 
ployed and mounted on oblique axes so that they 
were separated at the top, and thus allowed a centre 
pin to pass down between them, the front rollers are 
in the engine now under notice made cylindrical and 
placed on a straight axle, the ends of which enter the 
arms of a strong forked casting which bridges over 
the rollers, and which has the scra' hin to it 
as shown, From this strong fork or bridge the centre 
pin is carried upwards a a block working in 
a slot in the heavy casting which projects from the 
front of the smokebox, the connexion at this point 
being such that the rollers are free to adjust,them- 
selves to the camber of the road. The arrangement 
of the steering gear will be readily understood 
from the plan without explanation. ing now 
to the engine part of the roller, it will be seen that 
the arrangement of gear adopted is that which 
Messrs, Aveling and Porter introduced last year 
for use on their traction engines, and which we de- 
scribed at the time. The arr ent of this gear 
will be reedily understood from the plan and cross 
section, and it will be seen that with the exception 
of the pinion which engages with the spur wheel on 
the driving axlo, the whole of the gear is kept 
within the frame plates, overhung gear being thus 
avoided and other advantages being gained, of which 
we have spoken on a former occasion, By the 
use of a second countershaft, also, it is rendered 
pee to use smaller spur wheels. The two 

ind wheels or rollers are loose on the axle and are 
connected to it by pins traversing the bosses and 
entering holes on dises keyed on the axle, the disc 
on the right-hand side carrying the spur wheel 
through which the driving axle receives its motion. 
The whole design of this steam roller is simple and 
substantial, and the machine is well adapted for its 
purpose. We may notice here that in the ‘* Museum” 
or collection of old implements at Kilburn is shown 
one of Mr. Aveling’s traction engines, which was 
exhibited by him at the Smithfield Show of 1860, 




















Class eb oa eh 8 ope one ...| Road Traction Engines. Agricultural Traction Engines. 
ence. yitees Socmnssicaa 8 HP. 8 HP. 8 HP. 6HP. | 3HP. 
Diameter of cylinder ... ove “a dus oo 9 in. 5} in. 9 in. 8 in. 54. in. 
Length of stroke ooo, ee 12 in. 9 in. 12 in. 10 in. 9 in. 
Diameter of driving wheels io 7 ft.6in. | 5 ft. Sin. 5 ft. 6 in. 5 ft. 5 ft. 3 in. 
Revolutions of engine per minute .. ... | 150 rev. 200 rev. 150 rev. 180 rev- 200 rev. 
on road in miles per hour... ove eee badly Spay 1} to 24 1} to 14 to 2 
eating surface... a ou o0e os «| 161 sq. a4. t. | 151 Oy ft. 118 sq.ft. | 90 sq. ft. 
of steam ose 100 lb. 120 lb. 100 Ib. 100 Ib. 120 Ib. 








An improvement specialty amongst Messrs, 
Fowler’s exhibits consists of their portable railways, 
a notice which we may perhaps best include here. 
Steam ploughing having provided the farmer with 
the means of dispensing with horse labour in one 

irection, traction — and portable railways are 
intended to solve the same problem in another 
direction. At Kilburn three different lines are 





and then sold to Mr. J. R, Curling, of Herne Hill, 
Faversham, who now exhibits it. The engine is 
fitted with the pitch chain which Mr. Aveling 
so long used, and it is well worthy of examination 
as an example of the early productions of one who 
has done so much to successfully introduce traction 
engines and self-moving agricultural engines in this 
country. Tbe engine was successfully worked up to 
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Christmas, 1876, andlwe shall hereafter have more 
to say about it. 

Mr. Savage, of King’s Lynn, shows in the class 
of exhibits with which we are now dealing, one of 
his steam ploughing engines with the driving wheels 
forming ro S—an arrangement which we 
have described on former occasions—and also a new 
form of self-moving anchor, of which we publish 
an engraving on page 572 of the present number. 
Referring to our illustration, it will be seen that 
the anchor is provided at one end with tines or teeth 
which enter the soil and prevent the anchor from 
moving forward so long as they are not raised. On 
the implement arriving at the anchor, a ball on the 
rope comes into contact with the end of the lever 
shown in the plan, and by the action of another 
lever, to which this first is connected, the tines are 
then raised, and the anchor moves forward in 
obedience to the strain on the rope. This forward 
movement is under the immediate observation of the 
man riding on the implement, and it continues as 
long as the winding rope continues in motion, o: 
until the winding is stopped in obedience to a signal, 
On the motion of the rope being reversed the tines 
again enter the ground, the whole weight of that 
end of the anchor resting on them, except at such 
times as it is, by the action of the levers we have 
mentioned, transferred to the adjacent wheels 
Steering gear is provided, as shown, for controlling 
the direction of movement of the anchor, and the 
whole implement is simple and substantially made 

Messrs. J, and F, Howard, of Bedford, are always 
large exhibitors at the Royal Agricultural Shows, 
and they have not departed from their custom this 
year. The type of ploughing engine which they 
have adopted we have commented upon on former 
occasions, and we need only remind our readers here 
that in it the engine proper is arranged in the tender 
instead of on the poiler, as is usual with other 
makers, the winding drum being on a horizontal 
shaft behind the tender, and the engine driving it 
through spur gear only. Examples of these engines 
of different sizes adapted for working on the double- 
engine system are dove, and also one fitted with 
two winding drums, this engine being adapted for 
working with either two self-moving anchors, or with 
one such anchor, the engine and anchor in this latter 
case moving along opposite headlands. Messrs. 
Howard's novelty this year, however, consists of 
a six-horse self-moving engine with a set of 
cultivating tackle specially arranged to suit cases 
where the expenditure has to be limited. This 
and Messrs. Howard’s other sets of tackle will, 
during the Show, be exhibited at work in the 
neighbourhood of the Show yard, and we shall 
probably have more to say about it. The separate 
windlass or “ roundabout” system of cultivation with 
which Messrs. Howard have been so long identified, 
is also represented amongst their exhibits, the tackle 
shown illustrating their latest practice. Improve- 
ments in this mode of working have much reduced 
the number of men formerly required, Of imple. 
ments, Messrs. Howard have as usual a very large 
collection, including three, four, and five-furrow 
balance ploughs and a two-furrow combined plough 
and subsoiler, a useful implement for very deep work. 
Several sizes of the self-lifting cultivator are also 
shown, this implement being fitted with a cranked 
axle, and a pawl and ratchet movement on the 
travelling wheels, the arrangement being such that 
on arriving at the land’s end the implement is lifted 
out of work, turned and dropped into work again 
automatically, The twin cultivator—a modified 
form of the same implement—is also shown, this 
cultivator, which is jointed at the centre, and covers 
a width of 12 ft., being intended for stirring and 
cultivating land which has been already broken up. 
In a smaller implement—the self-lifting scarifier—of 
the same type, which is also exhibited, the tines, 
which are of steel, are adjustable. 

The demands upon our space compel us to leave 
over until next week our notices cf other exhibits 
in the classes with which we have been dealing. 








ROYAL AGRICULTURAL SOCIETY’S 
SHOW AT KILBURN. 

ALTHOUGH practically located in the metropolis, 
and having its head-quarters in our very midst, the 
Royal Agricultural Society of England, for the 
second time only in its history, is about to hold its 
great annual show in London, the first metro- 
politan show having been held in Battersea Park 
seventeen years ago. It is true that the close 
of each year sees a collection of machinery, im. 





COCHRAN’S BOILER AND ENGINE AT THE KILBURN SHOW. 


CONSTRUCTED BY MESSRS. COCHRAN 


AND CO., ENGINEERS, BIRKENHEAD. 


(For Description, see Page 572.) 





plements, and stock at Islington, but this show is of 
vastly minor importance to that which the July of 
each year has hitherto witnessed in one or other of 
the provinces. But important as these latter have 
been, they must give place in this respect to the 
London show of 1879, whichis not only of national, 
but of international importance, and is being carried 
out on a scale of unprecedented magnitude. The 
locality of: the show has been for long —_ 80 
well known that we need hardly say it is Kilburn, 
where 100 acres of land have been secured in a most 
advantageous position as regards general accessibility, 
To plan the show ground is of trapezoidal form, and 
it lies between the London and North-Western and 
the Hampstead Junction Railways. Abutting upon 
it are the Salusbury-road, the Queen’s Park, and the 
West Kilburn Stations of the former, and the 
Kensal Green Station of the latter line. It is, more- 
over, only a mile distant from the Westbourne Park 
Station of the Great Western and Metropolitan and 








District Railways, and from the West- Station 
of the Midland line. Its accessibility by rail to all 


comers will thus be apparent, whilst it is within ready 
reach of the.ordinary vehicular traffic of the metro- 
polis, and visitors will, moreover, have the benefit 
of a special omnibus service during the continuance 
of the show. Nor have the comfort and convenience 
of the visitors been overlooked on the show ground 
itself, inasmuch as a tramway has been laid, and is 
to be worked with Decauville’s narrow gauge cars 
drawn by a small engine of Messrs. John Fowler 
and Sons. The line runs directly along the main 
avenue, and by it passengers will be conveyed to and 
from the farther end of the ground, a great boon 
indeed if fine weather does not set in. The show 
itself has been developed under royal auspices, 
His Royal Highness the Prince of Wales being the 
President of the Society this year, and having taken 
an active interest in its arrangements, and it will cul- 
minate in a visit from the Queen herself. 

The show, which will be opened on Monday next, 
will cover the most spacious area ever occupied by 
such an agricultural display. The 100 acres of 
land have been appropriated to nearly 23,000 ft. of 
run of shedding, 4683 ft. of which are devoted to 
machinery in motion, 2220 ft. to seeds and models, 
and 16,000 ft. to the general machinery and imple- 
ments. The live stock will occupy a total length of 
over six miles of shedding. At the Liverpool 
show of the Society in 1877 there were 15,796 ft. 
run of implement shedding, whilst at Bristol last 
year there were 15,546 ft., so that the forthcoming 
show will boast of about 7100 ft. more than the 
great Liverpool show. In addition to ordinary ex- 
hibits there are to be interesting operations shown 
daily, connected with one department or other of 
agriculture, and there has been arranged a com- 

tive museum of ancient and modern farm- 
ing ve amy for the purpose of illustrating 
the early forms of a large number of the various 
classes of agricultural machinery. The total ex- 
penditure upon the show is estimated at 40,000/., 
to assist in the payment of which a fund has 
been raised at the Mansion House by the Lord 
Mayor, who has given his hearty support to the 
whole scheme. A ion of this fund is also in- 
tended to be devoted to prizes in addition to those 
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UNDER-GEAR FOR 8-HORSE PORTABLE ENGINE AT THE KILBURN SHOW. 
CONSTRUCTED BY MESSRS. MARSHALL, SONS, AND 00., ENGINEERS, GAINSBOROUGH. 
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(For Description, see Page 570.) 
































WILLAN’S COMPOUND ENGINE AT THE KILBURN SHOW. 
CONSTRUCTED BY MESSRS. HUNTER AND ENGLISH, ENGINEERS, LONDON. 


(For Description, see page 574.) 


Fig. 4. 
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offered by the Society. ‘The total amount of prizes 
is over 13,000/., of which 4000/. is offered by the 
Mansion House Committee. Altogether the show 
promises to be of a most interesting character and 
to prove in every respect a great success. 





Yodh dlisma, olan te chee ancien a ania 
cit . in ¢ i a site for 
the location of a World Fair in 1883, have agreed upon a 
suitable place for the exhibition. It is believed that the 
site selected is a tract of 170 acres, on Long Island Sound, 
extending from Port Morris to the Southern Boulevard. 
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THRASHING MACHINES AT KILBURN. 

A very large number of thrashing machines is ex- 
hibited at Kilburn, many of which present novelties 
or details worthy of attention. At present, how- 
ever, we can signalise only a few of these, of some of 
which we also publish illustrations. Messrs. Ran- 
somes, Sims, and Head, of Ipswich, exhibit a steam 
thrashing machine with apparatus for chopping and 
bruising thestraw. In all hot wheat-gro countries 
hay is not grown, and the cattle are fed entirely upon 
straw. is straw is much harder than that grown 
in colder climates, and cannot be converted into 





OVA SSN 
~ SN HS 





fodder by cutting it with a chaff-cutter, on account 
of the sharp edges which would be left and which 
tend to damage the mouths of the animals masticat- 
ing it. The process of thrashing in these countries has 
till recently been performed by treading out the 
grain from the straw ; this operation left the straw 
broken and softened, so that it could be easily eaten, 
and it was found impossible to introduce steam 
thrashing machines into these countries until the 
machine could be made to perform this operation. 
In Messrs. Ransome’s machine, as exhibited, the 
process of thrashing the grain is performed in 
the same way as in the ordinary machines, but 
the straw instead of falling from the shakers to 
the ground omer into a hopper in which are two 
rollers revolving at a high speed, and which split and 
soften the straw in the same manner as when trodden 
out by the feet of animals. The advantages of using 
such a thrashing machine, when the requirements 
above named have to be fulfilled, over the old system 
of treading out the grain, need scarcely be pointed 
out. ‘The grain is Cesibot with a loss of only 2 or 
3 per cent. as against 12 to 15 per cent. loss in the 
old system ; the work is done much more rapidly, 
and the grain and chopped straw are delivered clean 
and free from the dust and dirt which attended the 
old-fashioned system. On pages 322 and 323 ante, 
we published drawings and a full description of this 
malian and, therefore, need not refer to it at 
greater length here, The same firm also exhibit a 
—- neat design of light steam thrashing machine 
with 4 ft. 6 in. drum, specially suited to the require- 
ments ,of the home market, and also intended for 
districts where the roads are hilly and bad and 
transport difficult. This machine is less expensively 
made than the heavier '4 ft. 6 in. machine, 

Messrs. Nalder and Nalder, of Wantage, exhibit an 
admirably made machine, which we illustrate on 
pages 540 and 541, and which agers several novel- 
ties. This firm have apparently succeeded in produc- 
= combined thrashing and elevating machine that 

ill deliver the straw high enough for any ordinary 
straw rick, at the same time this rick can be placed 
in any desired position either in a straight line 
with or at any angle on either side of the machine ; 
they fe further than this, as the angular movement 
as well as the raising or lowering of the elevator 
can one or both be performed without stopping 
the working of the machine ; thus the straw can be 
delivered from the elevator to any part of the rick 
that is required, as the work progresses, and,by this 
means the labour of at least one man on the rick 
is saved; or a number of wagons placed in a line 
can all be loaded without any interruption to the 
work, and if desirable of the straw can be built 
into a rick on one side and the remainder on the 
other side of the machine, without in any way 
checking the working of the machine, This is a 
decided advantage on the ordinary separate elevator, 
and an improvement that will be appreciated. 

The vexatious delays and waste of time involved 
in setting the ordinary separate elevator to the ma- 
chine, especially on uneven ground and more parti- 
cularly for an delivery, are all got rid of in this 
combined machine, and so no trouble from the 
above causes can arise, and this unpacking and set- 
ting up of the elevator requires little if any more 
time than the unfolding and raising of the ordinary 
separate elevator, so that a saving of time in getting 
ready for work may thus be fairly claimed for this 
conan. 


In places where it is undesirable to use the 
elevator the straw falls into the hopper and thence 
to the ground, this hopper always remaining in its 
place, so that although the owner has always the 
advantage of having the thrashing and elevating 
machine together ready for work, the latter need not 
be used if not required, 

The weight of the elevator being about 8 cwt 
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only, one team of horses will draw the combined 
machine from place to place, whereas two teams are 
required when the machines are separate, and in the 
case of removal by a traction engine the men in 
charge have only one machine when travelling to 
look after, a great convenience on narrow roads and 
in turning sharp corners. 

One of our illustrations (page 540) represents the 
machine complete as fixed ready for work, the other 
illustration represents it as packed up for travelling, 
and what is worthy of special remark is the extreme 
simplicity of the whole arrangement, the ease 
with which it can be unpacked, set to work, and 
again packed up—an operation of only a few 
minutes. 

On looking at the illustrations it will be seen that 
the main frame of the machine is elongated at the 
upper and lower portion of the front or straw de- 
livery end ; on the lower part is fixed a turntable 
or platform, to the upper — of which is attached 
the hopper and trough of the elevator, and on the 
the upper portion of the frame is fixed a crane or 
winch, rough the axis of the turntable is passed 
a vertical spindle geared into another spindle placed 
horizontally, and on this latter are fixed the two 
pulleys for driving the two rake belts for conveying 
the straw up the trough. These belts are of india- 
rubber, and on each of them are fixed separate rakes, 
the usual heavy chains being dispensed with. 
Motion is given to the vertical spindle by a belt 
driven from any convenient pulley on the machine. 
This vertical spindle from passing through the 
centre of the turntable, the upper part of which is 
capable of movement, forms an axial line on which 
the elevator trough with the hopper partially rotates, 
and as the guides of the crane are also fixed on this 
line, the lateral movement of the elevator is obtained, 
and, what is of great importance, without stopping 
the work, so that the straw can be delivered in any 
required place either in a line with or on either side 
of the machine, the apparatus having a range of 
180 deg. The horizontal spindle forms a hinge for the 
trough end, thus allowing of the raising and lower- 
ing of the same by means of the crane before re- 
ferred to ; this is also done without stopping the 
work, 

Taking the elevator to pieces for packing up is a 
very simple process. The trough is lowered nearly 
to the ground, when the rake Belts are taken off, 
rolled up, aud put under the hopper of the elevator, 
as also the top roller and ar board; the two 
tightening chains under the flodr are then unfastened, 
which allows of the floor, made in sections, to drop 
out by extending the sides outwards ; these sides are 
now lowered quite down and the suspension chains 


taken off and stowed away ; the sides, after detach- | P® 


ment from the turntable, are uncoupled at the middle, 
one being placed as seen in the engraving (page 541) 
on each side of the machine; the sections of floor 
are placed endways on the hopper ; the crane and tie- 
rods taken off, the crane itself is turned back on 
the top of the machine, and the entire elevator is 
so conveniently packed on the machine as to be 
hardly noticeable, 

The thrashing machine exhibited by Messrs. 
Garrett and Son, of Leiston, which we partially 
illustrate on page 541, is specially designed for 
districts where it is of the greatest importance to 
preserve the straw for the market. ‘The feeder 
stands on the stage A A, on the driving side of the 
machine, and passes the straw horizontally along the 
stage on the top of the frame, and so under the 
simple hood or B into the drumitself. It willbe 
observed that the straw shakers are entirely covered 
in, and that an adjustable lattice is provided beneath 
them, upon which the straw is conducted and tied 
in bundles for market, The width of the drum is 
5 ft. and the machine is intended for use with an 
engine of from four to six-horse power. 

We illustrate on page 556 one of the thrashing 
machines exhibited by Messrs, Clayton and Shuttle- 
worth, This machine is fed by a man who stands 
on the platform at the side. This plan is in imita- 
tion of the French practice, the machine being 
intended especially for the French market. The 
width of drum is 5 ft. 3 in., which is the ordinary 
French width, but it can be made wider if desired, and 
such machines can be fitted with second riddles and 
finishing adjustable screens. The one exhibited 
has a second small blower in the barley awner 
spindle for blowing away anything rub off the 
grain by the awner. e fan blows through the 
corn as it falls through the awner exit to the sack. 
The machine is fitted with a spirit level at each end 
for setting the frame plumb and level by means of 





the lifting chocks employed by Messrs. Clayton and 
Shuttleworth, and which are very largely used, 
2000 pairs having been sent out since they were ex- 
hibited at the Birmingham meeting in 1876. 

Messrs. Marshall, Sons, and Co., exhibit a machine 
fitted with their patent safety drum gear, which we 
illustrate on page 580. It will be seen from the draw- 
ings that the attendants on machines fitted with this 
drum are thoroughly protected on the front, back, 
and sides of the feeding eee If any pressure 
is thrown upon the feed table, a board beneath it is 
instantly released, and closes over the mouth 
of the drum; the latter is protected by a 
hood hinged to the frame, and a weight falling upon 
it from any direction at once closes it. The position 
of this hood with relation to the drum can be 
regulated at will, so that it may overhang the latter 
more or less, Curved end plates sliding in grooves 
on the top of the machine are attached to the hood, 
and these thoroughly protect the sides. 

(To be continued.) 





THE ECONOMICAL EFFICIENCY OF 
ENGINES. 


To THe EpIToR oF ENGINEERING. 

Srr,—As economy and accuracy should be the constant 
aim of the engineer, it is most desirable that he should 
have clear views on the subject of the economical efficiency 
of engines, and not accept any fallacious formula as a guide 
in forming his opinions thereon. 

In striving after economy, the engineer should certainly 
be willing to make his calculations on a sound basis, that 
he may form a clear conception of the actual amount of 
realised, and be able to prove it to others ; also 


economy 
whilst aiming at accuracy he should at least not be guilty 
of introducing a wrong factor into his calculations. 

I believe that it is not so generall ised by en- 


gineers as it should be, that the indicated horse power 
as regards efficiency, differs in value with the of en- 
gine, with the size of engine, and with the of an 
engine ; and that consequently the indicated horse power 
cannot be any true measure of the amount of work done, 
which is the only correct test of the efficiency of an engiue, 
and which is exactly measured by the effective horse 


wer. 
Porhe effective horse power being the proportion of the 
indicated horse power available for performing useful work, 
after deducting the amounts due to friction of the engines 
and their own inertia, including the friction and inertia of 
the propelling medium in the case of vessels ; or including 
the friction and inertia of the machines when the engines 
are applied to driving machinery, &c., I consider that, 
bearing in mind this definition of effective horse power, no 
one of your readers will deny that the following may be ac- 
cepted as truisms : 

1. That the indicated horse power is always in excess of 
the effective horse power. 

2. That the resistance of a vessel is always exactly 
balanced by, and therefore equal to, the effective horse 


wer. 
3. That the resistance of the propelling medium, whether 
screw or paddle, is always exactly balanced by, and there- 
fore equal to, the effective horse power. 

It is consequently manifest therefrom that the effective 
horse power, the resistance of a vessel, and the resistance 
of the propelling medium, are severally equal to each 
other; also that as the indicated horse power and the 
effective horse power are not equal, and that as the effec- 
tive horse power is equal to the resistance of the vessel, to 
overcome which at the required speed is the amount of 
useful work to be performed, the effective horse power, 
and not the indicated horse power, is the true measure to 
be taken for the amount of useful work done. 

Now, as the resistance of the propelling medium can be 
calculated by the marine engineer within a considerable 
degree of accuracy, he thus obtains at the same time a 
meusure of the resistance of the vessel and of the effective 
horse power. 

Clearly then, the effective horse power being in all cases 
equal to the amount of work to be done, and as it can be 
arrived at by calculation, the effective horse power, and 
not the indicated horse power, is the true divisor to divide 
into the weight of consumed per hour to form an 
accurate opinion of the economical efficiency of an engine. 

The indicated horse [power is of real value in many 
important calculations when rightly employed ; but this 
does not justify its use in calculations where it can be easily 
proved to be erroneous. 

Holding the opinion I do, and the soundness of which I 
believe I prove by the above reasoning, that it is an utter 


fallacy, with any for accuracy, to adopt the almost 
universal practice of taking the indicated horse power 
divided into the weight of coal consumed as the sole 


of economy, I brought the data I have found in the Field 
and pewere bel of the steam yacht Wanderer to the test of 
ascertaining by calculation the indicated horse power that 


would be required with an engine of a known type, such as 


the compound engine (as the comparative efficiency of Mr. 
Perkins’s of engines is unknown to me) to propel the 
about 13 miles per hour. 


From my experience with the compound engine, I calcu- 
—— ion of indicated horse power as compared 
with the ive horse power that would be required for 
the above purpose, I therefore submit the test is a fair and 


reasonable one, and as according to my calculations I | Steel 


ascertained that with the ordinary compound ine it 
would require 500 indicated horse power and 10001». of 





coal to perform the amount of work involved, as compared 
with 800 indicated horse power and 1000Ib. of coal on Mr. 
Perkins’s system, ing to the data given in the Field 
and elsewhere, I draw therefrom the following conclusions : 

1. That at present the economical efficiency of Mr. 
Perkins’s engines may be equal to, but not greater than 
that of the ordinary compound engine. 

2. That the proportion of effective horse power to indi- 
cated horse power in Mr. Perkins’s engines is considerably 
less than in the ordinary meet engine. 

8. That this comparatively high proportion of economical 
efficiency as compared with the low proportion of effective 
horse power is due to the greatly in pressure of 
steam to that usually employed; and it is apparent that 
the gain effected in one direction is neutralised by the loss 
in another direction. 

I have no desire whatever to depreciate Mr. Perkins’s 
system of engines ; on the contrary, I shall be glad to see 
it can establish a sound claim to superior economy, for all 
progress in the direction of economy should be welcomed by 
every one; but in the interests of accuracy I have adopted 
the data given of the trial of the steam yacht Wanderer as 
my text for enforcing the view,I have long entertained, that 
the indicated horse power should be superseded by the 
effective horse power when computing the economical effi- 
ciency of different engines, for the data of the Wanderer 
afford a forcible illustration of the necessity for the change 
I advocate. 

Presuming that it will be allowed that the effective horse 
power and not the indicated horse power is the true measure 
of the work to be performed, and, therefore, the true test 
to be employed for ascertaining the economical efficiency 
of engines ; also that it will be allowed that the effective 
horse power of different engines of whatever type to per- 
form an equal amount of work must be equa) ; the following 
figures clearly illustrate my meaning as to the im- 
portance of adopting the effective horse ee ved as the test 
of economical pr re when accuracy is desired. 


Perkins. 

Coal, lb. eee 1000 _ 44 Ib. 
Indicated horse power 800 

, lb. oe ois 1000_», lb. 
Effective horse power 400 

Compound. 

Coal, Ib. ove ++ 1000_» 
Indicated horse power 500 ; 
Coal, Ib. ag as 1000», Ib. 


Effective horse power “400 


T have assumed 400 as the proportion of effective horse 
power to indicated horse power in both cases, but the 
—— is the same whatever the exact ee ma, 

. ill not your readers now perceive that the indicated 
horse power is a wrong factor°to employ when desirous of 
ascertaining correctly the economical efficiency of an 
engine. 

The subject of marine propulsion or the resistance of 
vessels is sufficiently complex without also introducing a 
wrong factor into the calculations, and this I contend is 
done when the indicated horse power is used as the factor 
of power, unless modified to suit the varying types of 
engines, and I consider that many of the so-called anomalies 
or difficulties encountered by those who study the subject 
of the resistance of vessels will be found to disappear, 
when the required modifications have been made. These 
modifications give the indicated horse power correctly, but 
nevertheless they do not’convey an accurate idea of the re- 
sistance of a vessel, which can only be done by the effective 
horse power; I therefore advocate the adoption of the 
effective horse power to define with accuracy the power 
employed in overcoming the actual resistance of any vessel. 
But with reference to the economical efficiency of engines 
no modification of the indicated horse power is possible to 
convey an accurate conception of the economy realised ; 
but by substituting the effective horse power after having 
decided on its correct value according to the type of engine, 
a true measure will be afforded of the economical efficiency 
of different engines. 

My opinion, therefore, is, that it is very desirable that 
this question of substituting the effective horse power for 
the indicated horse power in relation to the economical 
efficiency of engines and the resistance of vessels should be 
generally discussed by engineers, as it would assuredly be 
a step in the direction of accuracy ; and I would suggest 
that the question should ultimately be iaveciinsdel by 
some authority, such as the Institution of Mechanica 

ineers, who should determine its correct value in avc- 
cordance with the results obtained by experiments made by 
the members of the Institution or others, on various types 
of engines when performing different descriptions of work. 
For it would be unworthy of the steam engineers of 1879, 
as a scientific body, to persevere in the use of a formula 
which they had once acknowledged to be wrong, especially 
— it conveys inaccurate ideas to themselves and to the 
public. 

In conclusion, I beg to thank you for the opportunities 
you have afforded me of placing my views on this subject 

fore your readers. 

I am, Sir, yours very oie 
Wu. Bury. 


5, New London-street, E.C., June 24, 1874. 





Urinisine OLp Car WHEELS.—The rolling mill at Read- 
ing, Pennsylvania, owned by the Philadelphia and Reading 
Railroad Company, is issuing old car wheels, which are 
made of charcoal iron instead of pig iron in puddling, for 
the heads of rails. Mr. W. E. C. Coxe, superintendent, 
says, in a recent letter to the secretary.of the Iron and 

Association, that all the rails made at the mills are 
now produced in this way, whether under contract for re- 
yOlling, or for new rails. 
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PERMANENT WAY FOR TRAMWAYS. 
To THE EprIToR oF ENGINEERING. 

Srr,—I am glad that Mr. Livesey has decided not to 

discuss in detail my last remarks on this subject, as it 
TY much patience to argue with a man who appears 
to be so irritable and who constitutes himself an authority 
as to the qualifications of other engineers to give their 
opinions. 
My ‘“‘theoretical assertions”? therefore remain un- 
answered, but it is satisfactory to find that Mr. Livesey 
now agrees with me in thinking that other engineers 
should give their views on the subject. 

I hope they will do so, but trust they will treat me more 
leniently than Mr. Livesey has done, as regards ‘‘ my ex- 
perience.” 

I remain, Sir, yours, &c., 
HENRY VIGNOLES. 








THE STUDENTS OF THE INSTITUTION OF 
CIVIL ENGINEERS. 
To THe Eprror oF ENGINEERING. 
Si1r,—I was much surprised at reading the letter of a 
‘* Student of the Institution of Civil Engineers” in your 
issue of last week. He most unjustly insinuates that the 
annual dinner is limited to the promoters of it and a few of 
their friends without giving |the general body of students 
an opportunity of being present. I can only say that as 
far as lay in my power, and that of the committee, we did 
our utmost to give the matter publicity, and endeavour to 
get as many as ible to attend. About 360 ci 
etters were sent by post to individual students and about 
50 more to the committee for general distribution, but 
circulars were not sent to those students who are out of 
England or at very remote distances from London, as the 
experience of the committee in previous years proved that 
few if any of those students replied to the notices sent 
them. en it is considered that of the 525 students whose 
names are on the list of members of the Institution of Civil 
Engineers for 1879, less than 400 reside in England, it will 
be seen how few, and those the most unlikely to attend, 
did not receive notices. Ido not think that a dinner to 
which 360 were invited can be said to be “limited to a 
small number,”’ or that it does not ‘‘ give the rest of the 
students an opportunity of being present.’”’ I can only 
express my regret that no notice of the dinner was sent to 
a ‘* Student,’”’ and can assure him that it was quite an un- 
intentional omission, but one which did not call for such 
groundless statements as he has thought fit to make in his 
letter. I am, Sir, yours obediently, 
Rosert H. Reap. 
Secretary to the Committee. 
9, Deanery-road, Stratford, E. 





To THE EpIToR OF ENGINEERING. 

Srr,—I have only just seen the somewhat intemperate 
letter referring to the above in your last issue, and asa 
member of the dinner committee I hasten to reply to it. It 
is to be regretted that your anonymous correspondent 
should not have received a notice of the dinner ; but I can 
assure him that the omission was accidental, as several 
hundred notices were posted. Your correspondent asserts 
that the dinner is not a representative one and implies that 
the management is in the hands of a clique. I most em- 
phatically and distinctly deny the truth of both these as- 
sertions. The committee of management was elected by a 
meeting of students; and as invitations are sent to all 
students residing within a day’s journey of London the 
gathering can scarcely fail to be representative. 

It has always been our aim to obtain as large an atten- 
dance as possible at the dinners, in order the better to 
promote the object for which they were instituted, viz., to 
enable the students to become personally acquainted wi 
one another. I greatly regret the bad taste and precipitancy 
exhibited by ‘‘ A Student’’ in thus causelessly bringing 
before the public a —— grievance of this character 
= ascertaining that his assertions had a foundation in 

act. 
Yours truly, 
A. E. Batpwtn, F.G.S., Stud. Inst. C.E. 
Scientific Club, Savile-row, W., June 25, 1879. 








BOILER INSPECTION. 
To THe EpriTrorR or ENGINEERING. 
_ Srr,—TI read the remarks in your “‘leader’’ of the 20th 
inst. with much pleasure, as my old friend the plain cy- 
linder boiler is badly in want of a champion. May I ask 
you to grant me a portion of your valuable space for a few 
words on the same subject. 

Judging from the oft-repeated utterances of some of the 
companies alluded to in your article, only the double-fiued 
internally fired boiler should be used to the exclusion of all 
others, and this boiler evidently is the pet child of the 
Manchester district. 

Dressed out in its ‘‘ Sunday suit,” consisting of about a 
dozen highly finished —— of elahorate design, polished 
brass beadings (utterly useless save to hide the bad fit of 
fire fronts in furnace mouths), engraved instruction plates, 
blackleaded stoking floor, and a substantial roof over the 
whole, it does look nice; but what does this looking nice 
mean? Money! Not only in first cost but also in con- 
sumption of time and stores in endless polishing, &c., and 
the use of a superior class of coal. Now is this “‘ Manchester 
—— safer yet a boiler 2 I ~ it 2 
not, assuming eac roperly proportio and we 
made of good materials and properly looked after. 

At a small collieries one man attends to the winding 
— ind does his own firing, a a plain cylinder 
boiler with a very large grate using “‘ duff’? which would 
prem ar | choke up t tes of an internally fired boiler ; 
this “ duff’”’ is in many unsaleable, or at most worth 
only a few pence per ton. At sucha colliery were a double- 





fined boiler put down, a better and therefore a quicker 
burning coal would be used with more frequent firing, and 
consequently increased cost, as a fireman would be needed 
and the coals would be more expensive. 

We hear a great deal about seam rips in plain cylinder 
boilers, and the conclusion drawn is that these boilers are 
unreliable, but in nine cases out of ten the same treatment 
to which these boilers are exposed would ruin the flues of 
Lancashire boilers. Having a good fire, suddenly open 
your fire doors and leave them so, and the dampers also 
open, whilst the engine is standing for a time, then when 
you start again blaze away and turn on cold feed directly 
over the furnace crowns, and where are you? Why after a 
few such performances you must send for the boiler maker, 
**the flues are not tight, you have not made this boiler 
well, see how it leaks,’’ would be we? complaint to him, 
and he would proceed to make the leaking seams tight by 
rerivetting ; repeat the process two or three times and you 
need new flues. So itis with plain cylinder boilers, as a 
rule they are made by ‘‘little men” having few tools and 
but little, if any, scientific knowledge, and are, therefore, 
not ee of very small pla , and with many 
seams over the fire, and being frequently served as above 
described oy give trouble. 
chester friends make is in condemning the class of boiler 
par of its treatment both in use and in process of 
making. 

For = pu such as collieries, saw-mills, tan- 
yards, brick wor! also places where there is waste heat 
available asin coke ovens, give me the plain cylinder boiler 
of moderate length, say not more than six diameters (exist- 
ing longer ones may easily be cut into two or more, and 
connected as proposed by Mr. E. B. Marten some years 
since), properly made, seated, mounted, and looked after, 
because I find such a boiler of comparatively small first 
cost, it is easy to clean, examine and whilst it 
allows of a variation of fully 18 in. in the water level with- 
out ’risk, and its large grate will burn poor fuel in hea 
ey at long intervals. Connect the damper gear wit 
the firedoor, so that opening the door partially closes the 
damper, introduce the feed properly, and for P 
where a skilled fireman cannot be afforded, or where there 
is a supply of poor fuel or waste heat to utilise, it will 
be found cheaper and quite as serviceable and eco- 
nomical as the double flue, which latter is of greater 
first cost, more difficult and costly to clean, examine, and 
repair, requires a better stoker and a better class of coal, 
and allows of only a few inches variation in the water level, 
whilst the brickwork being in contact with the shell in 
four places as against two in the plain cylinder the risk of 
external corrosion is greater. 

Of the shortcomings of boiler inspectors I cannot speak, 
as I have so far found them careful, attentive, and 
courteous, and always ready to work amicably with the 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig fron Market.—Business was done in the 
pig iron warraut market last Thursday forenoon at 41s. 6d. 
down to 41s. 43d. one month, and at 41s. 5d. to 41s. 4d. 
cash, and at the close there were sellers at 41s. 4d. cash 
and 41s. 5d. one month, and buyers offering 1d. on ton 
less. In the afternoon there were transactions at 41s. 4d. 
one month, which was also the closing price for sellers, who 
also asked 41s. 2}d. cash, buyers 1d. cheaper. There was 
rather a firm market on Friday; forenoon, though little 
business was done. The closi prices were—buyers, 
41s. 3d. cash and 41s. 44d. one month, and sellers 14d. more. 
Business was transacted in the afternoon at 41s. 4}d. cash, 
and at the close buyers offered 41s. 4d. cash, while sellers 


th | held out for 41s. 5d. Down to 41s. lid. cash was accepted 


on Monday forenoon, and 41s. 4d. one month, and sellers at 
the close were antag Se 2d. and 41s. 4d. cash and one 
month respectively, while buyers offered 1d. less. In the after- 
noon there were transaction’ at 41s. 1d. cash and 41s. 3d. 
one month, the closing quotations being—sellers, 41s. 3d. one 
month and 41s. 14d. cash, and buyers very near. Durin 

the forenoon yesterday down to 41s. cash was accepted, 
and buyers at the close offered 41s. cash and 41s. 2d. one 
month, sellers asking 1d. per ton more. Business was done 
in the afternoon at 41s. 0}d. cash and 41s. 2}d. one month, 
buyers at the close offering 41s. cash and 41s. 2d. one 
month and sellers very near. The market opened flat this 
forenoon, when still lower prices were accepted, down even 
to 40s. 104d cash and 41s. fourteen days. ‘There was sub- 
sequently an improvement to 41s. cash and 41s. 1d. four- 
teen days, the market closing with —_— at the top prices, 
and sellers asking 1d. per ton more. The afternoon market 
was flat at the forenoon’s prices. From the foregoing 
remarks and quotations it will be seen that the warrant 
market is in a very depressed condition, and what is still 
worse, there are few or no signs of revival. Notwithstand- 
ing the low range of prices recently prevailing, there has 
been a disposition on the part of a number of holders to 
sell, but buyers have been very cautious and reluctant to 
take advantage of the low prices, as it is impossible to say 
what turn the market may yet take. Shipping iron is easier 
in price and is tending downwards, but the list quotations 
are unc The actual demand for shipment has 


fallen away very sensibly now that the pressure for Ger- | j,,, 
Last to | cover contingencies, and now the sum required for dockising 


many has abated. week’s shipments 

7278 tons as against 6326 tons in the corresponding week 
of last . Alarge quantity of pig iron was sent into 
the public warrant stores week, and the total amount 
with Messrs. Connal and Co. up till last Friday night was 
273,317 tons, showing an increase for the week of 2450 
tons. Several alterations having lately taken place, the 
total number of blast furnaces in actual operation is now 
reduced to 88, as compared with 92 at the same time last 
year. 


Grangemouth Docks.—The new works in connexion with 


But the mistake our Man- | Co 


S€5 | Vaughan, and Co., have decided, owii 





the outh Docks, which are in course of construc- 
tion at the instigation of the Caledonian: Rail Com- 
pany, are making considerable progress, much of which is 

ue to the efficiency of two steam navvies, which are kept 
constantly at work, Srngcot about 500 cubic yards of 
earth in a single shift. e entrance lock is now out of 
the hands of the navvies, and to receive the founda- 
Se ee ae og pa yous on, hate in course of 
erection by this time not progress been impeded by an 
unfortunate landslip, which took place some weeks "ago. 
The works are giving employment to about 800 men, in- 
cluding the day and night shifts. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was an 
average attendance on ’Change at Middlesbrough. There 
was literally no business done. Prices were weaker than 
they were last market day, being based on makers offering 
No. 3 Cleveland pig at 33s. 6d. per ton. Merchants were 
willing to dispose of this quality at 33s. per ton. Messrs. 
and Co., the warrant storekeepers, have a stock of 
79,900 tons at Middlesbrough, and at G w they hold 
274,400 tons. They are both receiving and delivering Uleve- 
land warrants at present, but the receipts are now rather 
in excess of deliveries. The protracted depression in the 
iron trade is causing a t deal of anxiety. Confidence 
is entirely shaken, and there is a constant and increasing 
dread in commercial circles that the worst phase of the de- 
pression has not yet been seen. As certain dates in each 
month recur the pe nee is intensified, and when the 
dates pass over, and bills are met, severe instead of bei 
encouraged only shrug their shoulders, and by gesticula- 
tions ee that the impending difficulties have merel 
been de ved not overcome. This uneasy and gloomy feel- 
ing helps to further depress trade, and positively checks 
any indication of improvement. 


Blowing out more Blast Furnaces.—Messrs. Bolekow 
to the continued 
depression, to blow out two of their blast furnaces at 
Witton Park, near Bishop Auckland. Messrs. Bolckow, 
Vaughan, and Co. have four furnaces at that place. The 
find that it is more convenient and economical to work ther 
blast furnaces which are situate near the Cleveland mines 
rather than those furnaces so far away from the ironstone. 


Stoppage of another Iron Works.—Another iron a 
‘or 








at S nD been stop for want of orders. 
several years the West S m Iron Com; have been 
successful makers, but the protracted depression and 


miserably low prices have at last compelled 
their works for the present. About 600 men are thrown 
out of employment. 


The Finished Iron Trade.—There is next to — 
doing in this branch of industry. In the North of Englan 
there are several works now entirely closed, and there is no 
prospect of their being again opened. 

The Cleveland Steel Trade.—Messrs. Bolckow, Vaughan, 
and Co. are progressing with their steel-making from 
Cleveland iron at Eston, Middlesbrough. They have 
several large Bessemer converters at work, and although 
they have not entirely overcome all the difficulties con- 
nected with the question, they are carrying on the steel- 
making successfully. When they shall have proved the 
Thomas and Gilchrist process an 2 success, they 
will soon have many imitators. Meanwhile people are 
waiting for further results. G 





NOTES FROM THE SOUTH-WEST. 

New Floating Dock for Neath.—The Neath Harbour 
Commissioners are inviting tenders for mortgages not ex- 
ceeding 200,0001., and bearing interest at 6 per cent, per 
annum for a period of ten years. The issne is contem- 

lated for the purpose of carrying out works which are to 
completed in about two years, and which will provide 
the harbour with a large ting dock, roads, railways, 
and other conveniences. The dock will have 6000 ft. of 
frontage belongiug to the commissioners, of which the 
Great Western Railway Company have taken on lease 
800 ft., with the option of 200 ft. more ata rent of 21. per 
foot. Other railway companies are also negotiating for 
portions of frontage. 


Bessemer Steel-Making at en are glad to 
hear that Wednesday was a successful day at the Rhymney 
Bessemer Works. No less than twenty casts were mado 
during the day, and the addition of a new converter to the 
original plant has been a great acquisition to the works. 
The Rhymney Iron Works were carried on at a heavy loss 
last year. 

Dockisation of the Avon.—Mr. Howard’s report on the 
feasibility of dockising the Avon has been presented to the 
docks committee of the Bristol Town Council. Mr. Howard, 
who is the Bristol dock engineer, quite believes in the 
Coun ed of the project, and puts it in an alternative 

orm, to throw a dam across the mouth of the river at a 
cost, or estimated cost, of 770,0001., or at Hungroad, below 
the Horseshoe Point, at a cost of 650,0001. r. Howard 

i is estimate to the extent of 10 per cent. to 


alone, without wharves or river walls, may be taken in 
round figures at 800,001. These estimates are, of course, 
inde ent of the drainage schemes which the 


dockisation’ of the river will involve, and Mr. Ashmead 
estimates the sewage works at 280,0001. In all, there- 
fore, the two schemes may be said to involve an ex- 
penditure of 1,250,000l. Mr. Howard goes into details 
of his proposed plan. The first plan comprises a tidal 
entrance from the roadstead, about 1500 ft. in length lead- 


in 
ing to two entrance locks, one of 70 ft. (or it might be of 
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60 ft.) the other of 45 ft. in width. The locks would lead 
into « half-tide basin, 680 ft. long by 490 ft. wide, at the | ney R ASHING MACHINE DRUM GUARD AT THE KILBURN SHOW. 
wiith as the outer ones. The inner locks would be for 


outer locks for smaller ones. The 
sills of the wider outer lock would be laid at a depth of 
9 ft. below Cumberland basin old sill, and the outer sill of 
deeper, so as to accommodate 
oy = late on the tide. The whole 
i i The dam would 


basin cted within 
high-water mark, and with comparatively little necessity 
for cofferdams; and Mr. Howard believes that a good 
i red sandstone marls could be ob- 
> comprises first, a large lock, 
80 ft. wide and 530 ft. long, divided by an intermediate 
i tes into two chambers, 330 ft. and 200 ft. long 
respectively. The lock would be also furnished with 
double — of tidal gates, 450 ft. in length from sill to sill, 
so that long vessels could be locked in or out even whilst 
the tide was higher than the Floating Harbour. The 
outer and intermediate sills of the lock would be laid 
7 {t. 6in. below datum, and the irner sills 4ft. below 
datum level. In the flat and between this large lock 
and the river there would be a convenient half-tide basin 
60 ft. wide. All these locks would ag with ample 
filling and scouring culverts, worked by hydraulic ma- 
chinery. In the pane ee just within the entrance, 
would ~~ for v of 450 ft. in length and upwards 
to swing. Nearly the whole of the works could be constructed 
for the land without extensive cofferdams. The whole of 
the large lock would be cut through the solid rock. A 
rtion also of the half-tide basin would be in the rock. 
he dam in this design would be placed across the river 
near the up lock. Asinthe former case, in the dam 
and at the sides of the river, sluices and overfall weirs 
would be constructed suitable for scouring purposes, for 
the regulation of the level of the Floating Harbour, and for 
the discharge of floods. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
New Railway between Seamer and Pickering.—For a 
long time past the want has been greatly felt of a new line 
of railway between Seamer and Pickering, and a start has 
made in the work, which will be proceeded with from 
each end simultaneously. The line is a branch of the 
North-Eastern, and will run di ly across the country, 
thus effecting a considerable saving in the distance between 
Scarborough and Whitby. Besides effecting this advantage 
the new line will give railway facilities to a district that 
has long felt the want ofthem. The districts of Brampton, 
Wykeham, Atherston, Thornton, &c., which lie along the 
line of the old York highway, will feel the value of the in- 
communication. Their populations will find the 
greatest advan in the improved access to ar 
at one end and Malton and ples beyond at the other. The 
line will be completed in about eighteen months. 


wen in the Engineering Trade.—For more than a year 
any local houses engaged in the qenuhs trade have 
elt that they are at a great disadvantage in the matter of 
wages as compared with firms established in the north. The 
movement for a reduction of wages to the extent of 2s. per 
week in ski workmen and ls. in i labour is 

idly ap ing this district, and we are informed that 
if the employers succeed in carrying their point in Lanca- 
shire, the South Yorkshire engineers are prepared to 


demand a similar concession from their hands. 


The Railway Monopoly in the Coal Trafic.—In last 
week’s ENGINEERING it was stated that members of the 
South Yorkshire Colliers’ Association were agitating for a 
Royal Commission to inquire into the tariffs charged by 
the local railway companies for carriage of coal to London. 
The following is an explanation of the movement. It seems 
that the pit proprietors have made representations on the 
matter to the directors of the railway, but without having 
the grievance redressed, and the men feeling they are 
affected are determined to see what united action will do. 
The charge from the district to London is 8s. 3d. per ton, 
which includes 1s. 1d. for City dues. In the year 1870, 
when the prices of coal in were about the same as 
at the present time, the rate ranged from 4s. 11d. to 5s. 6d. 
per ton. For years past an effort has been put forth to 

an independent route to London from South Yorkshire, 

t the existing railway influence has prevailed against it. 
In the face of all this the district coalowners have to com- 
pete with sea-borne coal to London, which can be forwarded 
at about 4s. per ton. 


John Brown and Co., Limited.—The report which has 
been issued of the working of this company during the 
aly one that a profit of only 70001. had been secured. 

three or four years ago the profits of the concern 
were ten times that amount. No dividend is recommended. 
At the meeting of shareholders to-day the report and 
balance sheet were adopted. 





Tus St. GorHarp TUNNEL.—At the last dates, the men 
at work on the Goeschenen side of the St. Gothard Tunnel 
were 2163 ft. from the centre of the mountain, while on the 
Airolo side the workmen were 4270 ft. from the same point. 
If the works continue to advance as rapidly as they have 
done for some time on southern side, the men on 
that side will the} centre of the mountain in Fe- 
bruary, 1880. The men on the northern side will reach the 
same point in September, 1879. It is expected, however, 
that the two sets of boring will meet shortly be- 
fore the close of 1879 about 1000ft. to the south of the 
centre of the tunnel. ; 
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CLERK’S GAS ENGINE AT THE KILBURN SHOW. 
CONSTRUCTED BY MESSRS THOMSON, STERNE, AND COMPANY, ENGINEERS, GLASGOW. 
(Por Description, see Page 573). 
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Krupp or Esstn.—The cast steel manufactory at Essen 
has existed since 1810. It has been conducted by the 
pone owner, Herr Alfred Krupp since 1826, and since 
848 for his sole account. The number of workmen 
at the close of 1877 amounted to 8500. are 
in these works 1648 furnaces, 77 steam hammers, the 
largest of all weighing 50 tons, 18 trains of rolls, and 1063 
— tools. we A the — — at ved = 
orse power. en all existing facilities are emplo C) 
works can produce in 24 hours 2700 rails, which will lay 
11 miles of line, 350 tyres, 150 locomotives and car axles, 
180 car wheels, 1000 railroad springs, 1500 grenades, &. 
In one month there can be produced 304 field guns and 
of large calibre. At the various works of Horr Krupp there 
were also employed 5300 workmen in addition 





| i 


already enumerated. The mines attached to the works 
embrace 4 coal mines and 562 iron ore mines, including iron 
mines near Bilbao, in Spain. Four large steamers owned 
by the works, each of 1700 tons burthen, besides leased 
dheamess, are engaged in the tion of Spanish 
ores to Krapp’s furnaces on the Rhine. Another steamer 
of 1000 tons burthen, is being constructed. 


Frencu Rarnway TRAVELLING.—The distance from 

i i is 600 miles, and by a recent arrange- 

ment a train of the Paris, Lyons, and Mediterranean Rail- 

way this long journey in fifteen hours, leaving the 

capital at 8 a.m., and reaching the shores of the iter- 

= at 11 p.m., an average continuous speed of 40 miles 
per honr. 
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the firebo: here the sta; ther far from the | makes it in this 
STEEL AND IRON BOILERS. e x w tg Theil it in eet oe to iron for a struc- 


On Ee ee Meee ia SSS teained to the end of the experiment the driest | to strains in direction. 
tgh-Pressure Boilers plese nas heer tae baticeat bono saent top supported by three But this result has been obtained by reducing the hard- 
By Davrip Grete and Max Evra, of Leeds. roof stays near the centre, and further down by stays con- | ness of steel to a minimum, which materially reduces its 
(Concluded from page 531.) necting it with the outside shell, similar in principle to the | increased usefulness. The tensile strength of the 
FINALLY, two complete boilers, one entirely of iron the ay oe of the firebox side. material — for these tests, by some of the most ex- 
oe of dln rere ejected oh musing ese | Th Yp of a any dangers gra rie trie: | Ene brt for the thw scperect ored 
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part of the boilers would actually give way by. ss. buta | down it ‘bulged outw: is caused by the outside | to 

number of points which might have been considered specially om, which has to support the same pressure on a greater | and the want of hardness 

weak were carefully observed during the gradually rising ge ee inside plates, and pulling them out- | has 

pressure. Figs. 37 to 42:(see 529 ante) give an exact re- means of the connecting stays. The tubeplate of | work. What the trade now is a return to a harder 
presentation of the boilers, whilst Table . gives the mo- the irbox x be rather considerably, which lains the | material of increased tensile without losing the 

oe of the observed points in the iron boiler, and Table XIII. of bulging shown by the correnpntlng plate i i 

in the steel boiler. The maximum pressure reached in the | in ate ye tubes, acting to a certain f 

iron boiler was 420 lb., that in the al boiler (with ordinary | stays, had a natural tendency to pull the smokebox end | ing experience in the manufacture of steel which has already 

caulking) 520 lb., and with wae by sl hammers igeends. the firebox end offering a greater surface to the | overcome so many and such serious difficulties will in time 


620 Ib. In both cases the 7 he longitadinal seam meet this requirement. 

of the barrel put a stop to the increase of pressure, as the PFicennh a cpttes of compen, it is worth noting that the The well-known fact of the superiority of rivetting b 

water ran out of these seams as fast as it could be pumped in. | cross seams gave no trouble whatever, their ri having i over hand rivetting has been again demonstra’ 

These Seoespaes wane toe ley to eanae- any part of the omnis gmelier aniouat ol guesnere $0 Shar bear than any other | most conclusively, whilst the experiments have shown that 

bees Ses Fevtuve eee set. The variation of | part of the boiler. : the effect of steam ri is, to say the least of it, not 
the dimensions observed indicate therefore only in an ap- Conelusions.—It would be premature to take of the | inferior to hydraulic ri , a8 far as the quality of the 
proximate way the weakness of the boiler as a whole. conclusions which can be drawn from the above tests as | rivet i ic rivetting is distinctl 


The tu ie ah the smokebox end showed no great | being final. As in all practical questions experience will | superior as to its effect on the plate, which is less i 
tend to bulge out between the tubes but moved con- | have to supplement experiments before any absolutely defi- | by the slow pressure of draulic ram. os 
siderably above the tubes between the stays. nite results can be arrived at. But a few facts » Teta be A number of ey oe panes to ego A oe 


















































































The of the barrel increased oly by 0.015 in. veneer out which seem to be clearly indicated by the —— were indicated by ‘ showed in 
over the cross seam, but considerably (0.144in.) across the | of the tests, and which, at least, show the direction a decided superiority over iron, an nik te ok due 
middle of the plate. This, in fact, is the greatest altera- | which further investigations may be usefully conducted, al to its greater ile and ens a Uh . average 
tion of any dimension observed. where practical im ents are s required. strength of all the steel seams being 60.2 per cent. 
The straight part of the firebox fide was slight There is no doubt whatever that the manufacturers of | of the solid plates, that ot Se Bae cae Se ee oe 
affected, w the firebox front above the firedoor bulged steel are now able to produce a material as homogeneous | This proportion was still more striking in all lap-joints oe 
pray mdi ns This also was the case ~ yey seine of | and reliable as the best i iron. The absence of lamination | which the greater stiffness of the material prevented the 
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TABLE XII.—COMPLETE IRON BOILER. 
Pressure per Square Inch 0 112 Ib. 224 Ib. 336 Ib. 420 Ib. 
References to Gauge Points Difference Difference | Difference Difference | Difference Difference | Difference 
noun Absolute. | “from 0. | Absolute.) from 112. | from, | Absolute) ¢omo24. | from. | Absolute | ‘tom 396. | from 0. 
Smokebox end, @ evo ..| 2.300 2.285 +15 2.255 +30 +45 2.185 + 70 +115 2.125 + 60 +175 
99 99 Oil «| 2.240 2.220 +20 2.175 +45 +65 2.070 +105 +170 1.960 ; +110 +280 
9 a CO ws ..| 2.440 2.437 +3 2.415 +22 +25 2.408 +17 + 42 
. an d aco eee] 2-212 2.211 +1 2.208 + 3 + 4 2.205 + 3 + 7 ? 
Longitudinal, @ ase ..| 2.445 2.445 0 2.468 —23 —23 2.475 — 7 — 30 
“- fu. 1.) 2.620] 2.610 +10 2.550 +60 +70 2.485 + 65 +135 
jaa os ..| 1.905 1.903 + 2 1.895 +8 +10 1.868 + 27 + 37 
i 4 a .-| 2.184] 2.126 +8 2.105 +21 +29 2.055 + 50 + 79 2.000 + 55 +134 
pi ae ..| 2-345 2.345 0 2.344 +1 +1 2.342 + 2 +'3 
$e = ..| 2.865 2.865 0 2.860 + 5 + 5 2.858 + 2 + 7 
Cireumiferential, % <.. “| 2.008] 2.008 0 2.018 | —10 10 | 2.080 — 12 — 22 
a re ..| 2.275] 2.275 0 2.242 +23 +33 2.214 + 28 + 61 
- es cs ..| 1.093] 1.090 + 3 1.060 +30 +33 2.088 + 22 + 55 
ae n. ..| 2.684] 2.690 -—6 2.715 —25 —31 2.738 — 2 — 4 
ma a «| 2.925 2.912 0 2.853 +57 +57 2.819 + 34 + 91 
p. --| 2.905] 2.895 +10 2.865 +30 +40 2.837 + 28 + 68 
Firebox shell, side, q . .| 2.460 2.445 +15 2.420 +25 +40 2.400 + 20 + 60 
i nt Toe  ...) 2.245] 2.240 +5 2.227 +13 +18 2.172 + 55 + 73 
ie a a ..| 2.925 2.923 0 2.922 +1 +1 2.922 0 + 1 
pet - Sw ..| 2.603 | 2.605 —2 2.612 -7 —9 2.625 — 13 — 22 
U eee | 2,995 2.994 +1 2.990 + 4 +5 2.985 + 5 + 10 
Firebox shell, front, v ew] 1.885] 1.875 +10 1.840 +35 +45 1.830 + 10 + 55 1.805 + 25 + 80 
"a a w .--| 1.836 1.829 + 7 1.800 +29 +36 1.795 + 5 + 41 
x ..| 1.870 1.865 +5 1.845 +20 +25 1.817 + 28 + 53 
Firebox shell, back, y .. ee ..| 1.130 1.130 0 1.135 — 5 - 5 1.145 — 10 — 15 
. ye i dan «| 0.868 0.870 —2 0.885 —15 —17 0.920 — 35 — 52 
Firebox side and top,aa ...|1.841| 1.837 +3 1.825 +12 +15 1.780 + 45 + 60 
pe ae bb . «| 2.9383] 2.925 +8 2,905 +20 +28 2.865 + # + 68 
“ - ce ...|2.703-| 2708 0 2.700 +3 +3 2.668 + 32 + 35 
i si dd ...| 2.928] 2.920 +1 2.916 +4 +5 2.900 + 16 + 21 
- ‘ ee ...| 2.930] 2.940 —10 2.960 —20 —30 2.990 — 30 — 60 
2 fF ...( 3.015] 3.085 —15 3.055 —30 —45 3.100 — 45 — 90 
” ” gq ..| 2.527] 2.585 _ 2.560 —25 —33 2.575 — 15 — 48 
. a ih ..| 2.748 | 2.755 —12 2.775 —20 —32 2.795 — 20 — 52 
Tube plate, ii ...|3.142| 3125 +17 3.061 +64 +81 3,037 + 24 +105 
. kk ...| 8.087 3.075 +12 3.027 +48 +60 3.023 + 4 + 52 
Firebox plate ll... | 2.873 2.870 +3 2.860 +10 +13 2.854 + 6 + 19 









































** absolute’ figures are the distance _in inches from fixed points outside the boiler ; the “‘ difference” a the difference in thousandths of an inch from previous pressures. 
* Paper read before the Institution of Mechanical Engineers, June 19, 1879. ’ 
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TABLE XIIL—COMPLETE STEEL BOILER. 





336 Ib. 448 Ib. 
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TasLe XIV.—Analyses of Iron and Steel Plates and 
Rivet Material. 





Cammell. Brown. pet Material. 


Steel. Stoel | 
a7) 6 


1093 
trace 


— 
Iron. | Steel. 
| 2. 


“131 
018 
-096 
048 


Iron. 
6. 


trace 
157 
none 
| 14 
none 


Tron. 
3. 
trace 











Carbod™ ... 
Sulphur 
orus 


Manganese 


injurious bending of the plate in the line of the rivets, this 
being no doubt the chief cause of the great weakness of this 
kind of joint. The experiments further show that the 
plates invariably lose part of their tensile strength in the 
section of solid material left between the rivets of a same, 
joints. It also is greater in 
(iron ag well as steel), and 
in those 


‘orr™ 
trace 
os 112 | .073 
24 | 073 | .054 
none | 97 | «CB? 

















ing appears to be main] 

its Inp-jointed 

br hero Ee ee _ the 

zig-zag rivetting generally adopted in double-rivetting in- 
the tensile resi 


derably beyond its Sonia “mht yt: 
rivets consi i . 

Butt joints mith @ cover on one side of the plates only 

euue gereainge af ol, th cover behaving simply as an 

Chemmediate plate attached to the two main pieces by an 

joint. A marked improvement could no 

d by giving to the cover greater thickness, 


of course, butt Ya with two covers, as not do they 
8 


nearly double of each rivet, but 
Oey ales rere Oe ae the main plates. The 
en ae ae boilers and 
complete boilers under h ic pressure was the impossi- 
ay = Seerg i rivet seam in this way, the 
sciiing invottahty in lechage, witon prevented the noose. 
ing in whicn e neces- 
a animal tan otal bh rived became its 
safety valve, and the strain put on the weakest part 
the structure never reached more than 70 per cent. of 


TABLE XV.—TEnsILE STRE 
Steel. 


N@TH OF BoILER PLATEs. 





|Elastic Limit of 
Sample. 
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strain. is is the point where additi 
of the material would be most useful, as it would 


prevent the opening of the rivet holes which now makes 
a boiler useless long before the breaking strain is reached. 

On the question of the durability of boilers, it is probably 
impossible to throw much light by experiments. Here 
practical experience is the only reliable guide, and every 
well-authenticated example is of some value. The paper 
may therefore be concluded with the mention of one such 
example which presented itself for careful examination 
during the last few weeks. Two boilers similar in con- 
struction to those used during these experiments were 
constructed by Messrs. John Fowler and Co. in the spring 
of 1868, one being entirely of steel the other of iron. They 
were used for the two engines of a steam ploughing tackle 
and have just returned for repairs to the manufacturers 
after eleven years of work, during which they had been 
provided with new fireboxes in 1874. 

During the whole time these boilers had to £e through 
the severest work and treatment to which boilers can 
exposed, using every variety of the worst water, travel- 
ling over the roughest s, and being exposed to every 
sort of weather without external protection. Both boilers, 
also, had to do exactly the same amount of work, and to 
undergo the same hardships, as neither of the two engines 
can work without the other. The result is most striking. 
The steel boiler has never given any trouble, and is now by 
far the best of the two. A few cases of this description 
should finally settle the question as to the superiority of 
steel in this respect. 





Ratts IN THE Untrep Srarzs.—In addition to a 
northern Pacific contract for 2500 tons of 56-Ib. rails, the 
Glendower Works, Danville, have closed another contract 
for 1750 tons of rails to go to Vermont. 





THE END OF THE TWENTY-SEVENTH VOLUME. 


the first sod of the Whangarei and Kamo 
isa branch line runnin 
ultima’ ey join the main line to Helensville, connecting with 
Auc q 


towers of pavilion shape ; and, secon 


New ZEALAND RaILwayrs.—Sir G. Grey has just turned 
ilway. This 
to the Kamo coal mine; it will 


THE MELBOURNE ExHIBITION BuILDING.—The salient 


features of this building (which will be the largest Melbourne 
has yet known) will be, first, a dome higher than the 


highest spire in the city, flanked by a number of smaller 

; ‘4 a variety of orna- 
mental details, mostly in such high relief as to utterly de- 
face the dead-wall effect but too frequently conveyed under 
similar circumstances. The building, excluding the tem- 
porary annexes for machinery, 4&c., is cruciform, consisting 
of a nave 500 ft. long, running from east to west, and cut 
through its centre a transept 270 ft. deep, the ends of 
which are north and south. This transept is the leading 
feature of the fabric. At its south end is the chief portal— 
a tall arch, 40 ft. wide and 60 ft. high, deeply recessed, and 
reached by a flight of broad stone steps. On each side are 
square towers, 105ft. high, adorned by picturesquely- 
shaped and well-grou windows, together with Ionic 
pilasters and enrich . The north end of the 
—- is arranged on ost precisely the same pattern. 
Some 90 ft. behind the portico, and at point where the 
transept intersects the nave, rises the dome, octagonal in 
form, and to the height of 223 ft., being about 
130 ft. above the main roof. As the dome rears itself 
above the main roof, it is surrounded by columns, dividing 
groups of windows, and just above that point the tapering 
oaeuly tae. At its base the central tower is 100 ft. 
square, but as its octagonal shape becomes defined, the 
diameter is contracted to 60 ft. 








